


ABSTRACT

Background: Heparin is the standard anticoagulation used to prevent clotting in the
extracorporeal circuit during hemodialysis. Its anticoagulation effect can be measured by
the activated clotting time (ACT), to achieve 1.5-2 times the baseline value to prevent
clotting or bleeding during hemodialysis. However, it is unknown whether changing ACT
monitoring policy in chronic hemodialysis patients, from routine monthly ACT
monitoring to ACT measurement in response to clinical events, will increase the risk of

clotting and bleeding events.

Methods: To evaluate, in chronic hemodialysis patients on a stable heparin dose, whether
a change in practice, from routine monthly ACT monitoring (Phase I) to one in which
ACTs are only measured for initial dose assignment ot 1 response to clinical indications
(Phase II), will significantly increase the incidence of patients’ bleeding or clotting
events, 109 patients in our hemodialysis unit were followed and evaluated for 8 months in
a quality initiative study using a before-and-after design. Clotting event was defined as
visible signs of clot formation in the bottom of the dialyzer, coagulated dialyzer, or
changing the circuit due to clotting. Overt bleeding documented by clinical examination
or diagnostic investigations within 4 hours from hemodialysis session, doubling

homeostasis time in patients with AVF; not secondary to fistula-related issues,
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unexplained fall in hemoglobin > 20 g/L within a month, or the requirement for blood

transfusion due to bleeding were defined as a bleeding event.

Results: The mean ACT in phase [ was higher than phase 11 (P =0.003), but >50% of
ACTs were below target. Although heparin doses were changed more often (Incident rate
ratio (IRR) 9.11; 95% CI: 2.78-29.92, P =0.000), and more effectively achieving ACT
target during phase I compared with phase II (IRR 189.5; 95% CI: 25.36-1415.2, P
=0.000), the incident rate ratio for all clotting events occurred during phase I was
unexpectedly and significantly higher (IRR 1.4; 95% CI: 1.01-1.97, P =0.041) than phase
II. For unclear reasons, the risk of any clotting event occurring during phase I was higher
than phase II (Odd Ratio; OR 1.87; 95% CI: 1.03-3.39, P =0.04). This could not be
explained merely by the low frequency and effectiveness of heparin dose changes, which
occurred in less than 10% of clotting events, and were effective achieving ACT target in
only 50% of above cases. Although heparin doses were changed more often when serious
clotting (type 2 or 3) occurred during phase I compared with phase II, heparin change was
not statistically significant (OR 3.12; 95% CI: 0.62-15.8, P =0.17), nor was it effective in

achieving ACT target (OR 2; 95% CI: 0.08-51.6, P =0.68).

Bleeding events occurred 6% less often during phase I compared with phase I1. However,
this was not statistically significant (P =0.84), although the risk for any bleeding event
stayed the same during both phases (OR 1; 95% CI: 0.53-1.9, P =1).

ii



Conclusions: Routine monthly ACT muonitoring in adult chronic hemodialysis patients did
not improve clinical outcomes reducing clotting and bleeding events compared with
measuring ACTs only for the initial dose assignment or in response to clinical indications.
However, as practiced locally, this could be due to the limited physician response to

ACTs that were not at target.

To more thoroughly address the question of whether routine ACT monitoring is
necessary, the best approach in a future randomized trial would include strictly
standardized heparin dose-adjustment protocols to be used routinely by hemodialysis

nurses to reduce the potential for bias due to physician response variability.
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INTRODUCTION

Hemodialysis is an important mode of therapy in the treatment of patients with acute
kidney injury (AKI) and end stage renal disease (ESRD). While blood is exposed to
dialyzer membranes during hemodialysis, platelets adhere to the artificial surface,
resulting in activation of the coagulation cascade and platelets (1). As a result ¢ this
activation, blood clotting in the dialyzer and dialysis machine circuit may occur. Dialyzer
clotting may lead to decreased efficiency of treatment and loss of blood by the patient (2).
Hypercoagulability may be present in hemodialysis patients secondary to predi. ’sis
elevated levels of coagulation proteins such as thrombomodulin and thrombin—
antithrombin (TAT) complex (*. 1). Therefore, to prevent clotting in the extracorporeal
circuit during hemodialysis, anticoagulation is usually required. Furthermore,
anticoagulation monitoring during hemodialysis may be indicated to reduce the risk of

clotting and bleeding events.

Unfractionated heparin is a mixture of glycosaminoglycans, with molecular weight
between 3 and 30 kilo Daltons (kDa) that indirectly inhibits thrombin (3.6). One-third of
unfractionated heparin molecules randomly contain a pentasaccharide sequence that binds
to antithrombin I1I (AT-III), converting AT-III to a rapid inactivator of thrombin, factor
Xa and other active coagulation factors, thus inhibiting the clotting cascade and

preventing clotting (5.6). The anticoagulant effect of unfractionated heparin can be



measured by plasma-based activated partial thromboplastin time (aPTT), which measures
the increased time taken for clot formation under controlled conditions (). This
anticoagulant effect of unfractionated heparin can also be measured by faster, bedside
methods such as the whole blood activated partial thromboplastin time (WBPTT) (7) and
the whole blood activated clotting time (ACT) (~). A rise in the WBPTT or ACT to 1.5-
2 times the baseline value is usually acceptable to provide sufficient anticoagulation with

unfractionated heparin (7. 8).

Use of heparin is the standard of practice for anticoagulation during hemodialysis in
most countries; it is relatively inexpensive and most hemodialysis machines are
equipped with a heparin infusion pump (). We presently use heparin for anti-
coagulation during dialysis. When initiating a patient on dialysis, a dose of heparin is
prescribed and the effect on ACT is measured. Once an individualized patient dose has
been determined to get the patient to the target ACT, the same dose is given for all
subsequent dialyses. Anticoagulation with heparin is routinely performed with a loading
dose (approximately 15-70 IU/kg) given through the venous port; three to five minutes
prior to hemodialysis; followed by a continuous infusion (500-1500 IU/hr) (++. Y- *). To
achieve an adequate anticoagulation without increasing the risk of bleeding, hey in
infusion is generally stopped at the end of hemodialysis session unless the patient has an
AV fistula, in which case, heparin infusion is usually stopped 30-60 minutes prior to the

end of hemodialysis to limit bleeding on needle removal ({-}). Complicated mathematical




modeling can predict the required heparin dose during hemodialysis to reduce the risk of

bleeding, but those models are inconvenient and not widely used (i . ).

Other potential anticoagulation agents that can be used during hemodialysis to prevent
clotting in the extracorporeal circuit during hemodialysis are low molecular weight

heparin, citrate, prostacyclin, and recombinant hirudin anticoagulation.

Low molecular weight heparin (LMWH), like unfractionated heparin, inactivates clotting
factor Xa, though it has a lesser effect on thrombin since most of the LMW heparins do
not contain enough saccharide units to bind to thrombin and antithrombin III (AT-III).
LMW heparins have been proposed to result in less thrombocytopenia and bleeding than
unfractionated heparin (17.18), although there is extensive cross reactivity (> 90%)
between the LMWH and unfractionated heparin in terms of thrombocytopenia and

hypercoagulable state once a patient develops heparin-induced thrombocytopenia (HIT).

Although the cost of LMWH varies across countries, LMW heparins are still expensive in
North America and have not been associated with less hemodialysis-related bleeding,
thrombosis, or other complications compared with unfractionated heparin (17.18).

Furthermore, monitoring LMWH with the activated partial thromboplastin time (aPTT) is



not accurate, and usually requires the measurement of anti-factor Xa levels, which is

more expensive and less available (19.20).

The regional citrate anticoagulation regimen has been adopted in many hemodialysis
units as an alternative method of anticoagulation in patients on chronic hemodialysis,
especially when heparin use is contraindicated (2 1). The regional citrate anticoagulation
regimen involves the continuous infusion of isosmotic trisodium citrate solution into the
arterial side of the dialyzer (21). Trisodium citrate binds to patient’s plasma calcium,
inducing a decrease in the patient’s free plasma calcium concentration, inhibiting the
progression of the coagulation cascade. The citrate infusion rate is adjusted to keep the

ACT above 200 seconds in the arterial limb.

Later, the citrate-calcium complex is removed across the dialyzer and the regional
anticoagulation is reversed by the infusion of 5% Calcium citrate solution into the venous

return line at adjusted rates according to the patient’s plasma calcium concentration (22).

Although trials have showed lower bleeding incidence rates associated with the regional
citrate anticoagulation compared with the standard heparin protocols (2 :.24), the regional
citrate anticoagulation has been associated with major electrolyte abnormalities
(hypocalcemia, hypercalcemia, or hypernatremia) and metabolic alkalosis that limited its

use 1n patients on chronic hemodialysis.



The Citric acid-based dialysate (Citrasate ®) results in reduced clotting in no  eparin
dialysis, by lowering patient’s serum calcium enough to interfere with the clotting
cascade without inducing symptomatic hypocalcemia or metabolic alkalosis (23,20).
However, a small but significant change in the patient’s serum calciumisam r
complication of citrate dialysate. More trials are required to identify the safety and

effectiveness of the use of citrate dialysate in chronic hemodialysis patients.

The arachidonic acid metabolite prostacyclin is a vasodilator and inhibitor of platelet
aggregation. Prostacyclin regional anticoagulation involves a continuous infusion of
prostacyclin into the dialyzer circuit during hemodialysis to prevent platelet aggregation
and clotting (27). Side effects include headache, lightheadedness and facial flushing.
However, its use during chronic hemodialysis has been limited by its expense as well as
its side effects including headache, facial flushing, and most importantly hypotension due

to vasodilation (2X).

Hirudin inhibits thrombin by forming a noncovalent complex. Recombinant hirv n
(Iepirudin) has been used in hemodialysis patients as a single bolus at the beginning of
hemodialysis or as a continuous infusion (29.30). However, due to its prolonged half-

time in!  odialysis patients, its use has been limited (29.30).



Although heparin has been widely used during hemodialysis as an anticoagulant,
and although studies have shown an improvement in dialysis efficiency () associated
with the anticoagulation effect of heparin, there is no standardized approach to
heparin dosing or monitoring during hemodialysis (). Furthermore, searching the
available literature could not identify an evidence-based protocol recommending ACT-
guided heparin monitoring and dosing during chronic hemodialysis. Consequently, a
quality initiative study was required to test whether an increased risk of clotting or

bleeding would follow the change in ACT monitoring policies.

From a clinical practice approach, the majority of hemodialysis units in North America
approve the continuous infusion regimen of unfractionated heparin during hemodialysis
in patients with end stage renal disease and no contraindication for heparin. This regimen
is generally delivered; as mentioned above; as a bolus followed by continuous infusion (1.
-13). A prolongation of the aPTT, WBPTT, or ACT to 150% of their pre-dialysis values
is recommended to provide sufficient anticoagulation without increasing the risk of
bleeding (7. ). ACTs are readout by automated machines in the dialysis unit, which are
faster and more favorable than the other two tests (*). Some dialysis units, ours currently
included, routinely measure ACTs on all patients on a monthly basis. This is done even
in the absence of any indication of a clinical problem with bleeding or clotting. Minor
adjustments to the heparin dose are sometimes made once the ACT results are reviewed.

It is not clear that this leads to any improvement in patient outcomes, but the whole




process of measuring ACTs routinely is resource and staff time intensive. In contrast to
our practice, many other hemodialysis units (e.g. The Ottawa Hospital, Ottawa, Ontario,
Canada) do not routinely measure ACTs again on patients for whom a suitable dose of
heparin has been identified and who are not showing any indication of either bleeding or
clotting problems. However, there are no available studies or evidence to support the

latter practice.

On the other hand, heparinization during hemodialysis has been associated with multiple
hemorrhagic complications (such as subdural hematoma (3 1), retroperitoneal (32) and
pleural (33) hemorrhage) in hemodialysis patients that could be complicated by death in
3-5% of cases (3. 15). Additionally clotting can diminish the efficiency of di: 'sis and
lead to patient blood loss (2). Therefore, both bleeding and clotting have negative effects
on patients and have cost impacts for the health system. Accordingly it is important to try
to get the best balance between the risk for bleeding and clotting while using

anticoagulants for hemodialysis.

Aim of Study:

The purpose of this Quality Improvement Exercise was to evaluate, in chronic
hemodialysis patients on a stable dose of heparin, whether a change in practice from

routine monthly monitoring of ACTs to one in which ACTs were only measured for






LITERATURE REVIEW

Although heparin has been widely used during hemodialysis as an anticoagulant, and
although studies have shown an improvement in dialysis efficiency (.') associated with
the anticoagulation effect of heparin, there is no standardized approach to heparin

monitoring and dosing in chronic hemodialysis patients on a stable heparin dose (1).

Searching the current available literature using the following synonymous terms (renal

failure, end stage renal disease, ESRD, chronic hemodialysis, renal replacement therapy,
anticoagulation, heparin, unfractionated heparin, monitoring and activated clotting time;

ACT), using the following sources (The Cochrane Library, MEDLINE/PubMed/MeSH,

Uptodate, ASN (American Society of Nephrology), Journals (JASN, CJASN, KI, NDT,
etc), Textbooks, Experts opinion, and google.com), looking at (Randomized Controlled
Trials, Systematic Review, Meta-analysis, practice guideline, and clinical trials) in the

light of the following limits (English language, adult, age > 19 year, end stage renal

disease, chronic hemodialysis, and human model); could not identify any randomized
controlled trial (RCT), systematic review, meta-analysis, or clinical trial that investigates

ACT- guided heparin monitoring and dosing during chronic hemodialysis.
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Multiple practices are currently used to dose unfractionated heparin for chronic
hemodialysis. Heparin can be delivered during chronic hemodialysis as a continuous or
intermittent bolus (. ¥-13). Continuous administration provides a predialysis loading
dose, followed by a constant infusion of heparin during hemodialysis. Intermittent

administration consists of one or more bolus doses (0.9-13).

Depending on the pharmacodynamics of unfractionated heparin, the continuous
administration of heparin during chronic hemodialysis, as described above, provides a
more uniform level of anticoagulation than the intermittent administration (V). However,
due to the wide variability in the pharmacodynamics of unfractionated heparin from one
patient to another, the use of the same heparin dose for all patients during chronic
hemodialysis will result in excessive or inadequate anticoagulation (¢.%). Subsequently,
to provide excellent control of anticoagulation and to determine heparin dosing in
hemodialysis patients, multiple clotting times (WBPTT or ACT) and careful dose
adjustments are required (10), especially at the initiation of hemodialysis to establish the
target heparin dose. An increase in the WBPTT or ACT to 1.5-2 times the baseline value
is generally thought to provide adequate anticoagulation with unfractionated heparin (1).
However, the same type of assay may provide different results depending on the
measurement machine and the activating standard used (6). The above practice is also

expensive, labor intensive, and unsuitable to busy hemodialysis units.
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Complicated mathematical modeling, which requires the use of a computer-controlled
heparin infusion pump, can predict the required heparin dose during hemodialysis to
reduce the risk of bleeding, but those models are inconvenient and not widely used (i 3.

16).

Given the difficulties outlined above, there is no standardized approach to heparin
monitoring and dosing in chronic hemodialysis nor there are evidence-based protocols,
recommendations, or guidelines to recommend routine monthly clotting times (ACT) in
chronic hemodialysis patients to monitor heparin dosing in order to reduce major heparin-
related complications. From a clinical practice approach, some dialysis units in North
America, ours currently included, routinely measure ACTs on all patients on a monthly
basis, even in the absence of any clinical indication of bleeding or clotting. Minor
adjustments to the heparin dose are sometimes made once the ACT results are reviewed.
However, it is not clear that this leads to any improvement in patient’s outcomes. In
contrast to our practice, many other hemodialysis units do not routinely measure ACTs
again on patients for whom a suitable dose of heparin has been identified and who are not
showing any indication of either bleeding or clotting problems. However, as reported
above, there are no available studies or evidence to support either practices over the other

at this time.
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METHODS

This evaluation was done in our hemodialysis unit at the Waterford Hospital, in St.
John’s, Newfoundland and Labrador, in Canada, after our research proposal was
approved by the Human Investigations Committee (HIC # 09.111) and the Research
Proposals Approval Committee (RPAC) of Eastern Health. This hemodialysis unit
provides hemodialysis to 100-120 stable ambulatory adult patients, six days a week, in
three daily shifts and is geographically suitable for collection of ¢ data required for this
evaluation. Since both practices (routine monthly ACT monitoring versus ACT
monitoring as indicated) have been adopted by several dialysis units in North America,
and since this evaluation was considered a quality improvement exercise, we proposed
not to request an individual patient consent. We planned the evaluation as a before-and-
after design. In the first four months (Phase 1), we continued our current practice of
monthly monitoring of ACTs while collecting data on bleeding and clotting events. In
the subsequent four months (Phase II), we changed our practice to that of measuring
ACTs for clinical indications only while collecting data on bleeding and clotting events

when these occurred. We informed all staff and patients of the change at the time.

All patients in our hemodialysis unit on established doses of heparin during hemodialysis
were enrolled in this study, unless they had contraindication to heparin. Patients not

receiving heparin for any reason were excluded. For the first four months (Phase 1), all
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patients received monthly ACT and heparin dose was supposed to be adjusted by the
Nephrologist covering our hemodialysis unit depending on ACT values and as per our
current protocol (Appendix A & B). For the following four months (Phase II), no patients
had monthly routine ACTs. ACTs were only done if clinically indicated. In the event of
a clinical problem, heparin dose was only adjusted, by the Nephrologist covering the

hemodialysis unit, depending on a stat or scheduled ACT.

The dialysis nurses were instructed as to what constitutes a bleeding or clotting episode
that they should note and record in patient’s record (Please refer to primary and
secondary endpoints’ definition below). Throughout the eight months of the evaluation,
clotting and bleeding events were evaluated and recorded in the patients’ written and
electronic dialysis charts, by the hemodialysis nurses as a part of their routine intra- and
post-hemodialysis evaluation. At the end of the evaluation, patients’ results and data

were reviewed, collected, and analyzed by Dr. Shamseddin.

Meanwhile, to ensure the completeness and accuracy of the data recording, ongoing
education to the nursing staff was provided to correctly identify, collect, and record
primary and secondary end points. Periodic checks were done by Dr. Shamseddin to
secure identifying and recording of all events. Identifying and recording events as a part
of routine intra- and post-hemodialysis evaluation of hemodialysis by the nurses, was the

most dependable means available to capture all primary and secondary events especially
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the ones occurring during or shortly after hemodialysis sessions prior to patients departing

the hemodialysis unit.

There was no specific budget for this study. The cost of hemodialysis, heparin, and
routine monthly ACTs were all part of our standard current practice. Recording the
clinical bleeding and clotting events was also part of our standard practice. Data retrieval

and analysis were completed by Drs. Shamseddin and Barrett.

At all times, patient confidentiality was respected and protected as per Human
Investigations Committee’s (HIC) rules and protocol. Patients’ data was not stored with

identifiers attached. Study code numbers were assigned.

Study Population:

All adult patients with end stage renal disease (ESRD) receiving heparin anticoagulation
during their chronic hemodialysis at established heparin doses at the Waterford Hospital,
in St. John’s, Newfoundland and Labrador, in Canada were enrolled in this study. None
of them had contraindication to heparin nor had expected kidney function recovery within
six months of the time of enrollment. Patients not receiving heparin for any reason were

excluded.
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Study protocol;

During the first four months of the study (Phase I), heparin was administered as per our
usual practice and doses were expected to be adjusted depending on the monthly routine
ACT values by the Nephrologist covering our hemodialysis unit as per our protocols
(Appendix A & B). During the second four months of the trial (Phase 11), there was no
ACT-guided heparin monitoring; unless clotting or bleeding occurred; and heparin was
delivered at a fixed dose similar to the last bolus and maintenance doses delivered at the
last HD session at the end of the first four months. If clotting or bleeding events occurred
at any point during the second 4 months, heparin doses were expected to be adjusted by
the Nephrologist covering the hemodialysis unit depending on a stat or a scheduled ACT

value as per our protocols (Appendix A & B).

Patients acted as their own controls and we tried to minimize the confounding factors
during the period of the study by using whenever possible the same dialysis prescription
throughout. Furthermore, since a few patients did not finish the study, as they were
transplanted, transferred to different centers, or died before the end of the study, those
patients did not have the full study length of exposure (exposure time). Consequently,
those patients could affect the study event rates over time. So, to accommodate for the

primary events occurring during a particular length of observation, divided by time of
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exposure, Poisson regression with offset variable analysis was used to calculate event

rates as events per unit time, allowing the observation window to vary for each time unit.

Prior to the entry in the study, the last available monthly work up results including
complete blood count (CBC), ACT, serum electrolytes, creatinine, urea, urea reduction
ratio (URR), calcium, albumin, phosphate and liver function tests were collected as a
baseline. During the study routine monthly work up including the above tests were
recorded as per our dialysis unit protocol. Baseline and regular coagulation profiles (PT
and INR) were also collected for those patients receiving warfarin (Coumadin). Extra

blood work up was ordered and followed up only as clinically indicated.

Primary endpoints:

1. Dialyzer clotting; defined as any of the following:

The scale was based on visual inspection of the dialyzer and blood lines during and at the

end of each session. The severity of the clotting event was classified as:

1. Visible signs of clot or fibrin formation in the bottom of the dialyzer
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2. Coagulated filter

3. Circuit change required due to clotting

2. Bleeding; defined as any of the following;

1. Overt bleeding documented by clinical examination within 4 hours
from hemodialysis session

2. Overt bleeding documented by diagnostic investigations within 4 hours
from hemodialysis session

3. Doubling or more in the fistula needle site homeostasis time in patients
with AVF; not secondary to fistula-related issues (No stenosis or high
pressure)

4. Unexplained fall in hemoglobin > 20 g/L within a month

5. Requirement for blood (PRBCs) transfusion due to bleed

Secondary endpoints:

1. Urea clearance; measured by monthly urea reduction ratio (URR)
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Study Data

As a part of a routine intra- and post-hemodialysis evaluation carried out at each
hemodialysis session by our hemodialysis nurses, the study primary endpoints including
clotting and bleeding events, were reported by our dialysis nurses in details, recorded, and
stored in our unit and hospital computer (MEDitech) system. Patient’s paper and
computer charts including Emergency Room (ER) records were also reviewed by Dr.
Shamseddin to document those events that might happen either in our dialysis unit or later
during ER visits or hospital admissions during the period of our study (8 months) with
special attention given to the association between the occurrence of the clotting or
bleeding event and the hemodialysis session initiation. Secondary endpoints as well as
other laboratory parameters were obtained and collected completely by Dr. Shamseddin,
from our monthly routine blood work up recorded in our MEDitech computer system.
Dialysis machine pressure alarms and values, which were automatically downloaded to
the MEDitech system, as well as all other relevant patients’ data were also reviewed and

collected by Dr. Shamseddin.

Primary endpoints events (clotting and bleeding) were reported as dichotomous
dependent variables during the first and the second phases of the study. Event was
reported as occurred or did not occur (Occurred = Yes = 1, Did not occur = No = 0).

Furthermore, events were categorized further depending on the severity of the event using
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a predefined scoring scale (Please refer to primary endpoints), and were reported as

polychotomous or dummy dependent variables, when options included more than two

possibilities. Secondary endpoint parameters including urea reduction ratio and
hemoglobin were reported as continuous variables. The date of the last follow up, since

some patients were transplanted, transferred to other hemodialysis units, or died, were

reported as date variables.

Other patients’ data including demographic characteristics such as age, hemoglobin
levels, and urea reduction ratio (URR) were reported as continuous variables while
gender, etiology of end stage renal disease, co-morbidities, and the administration of anti-
platelet drugs, anticoagulation drugs, and heparin were reported as dichotomous and
polychotomous variables when options included more than two possibilities. Data related
to whether heparin was used or not, whether the dose was changed post events or not,
whether the dose was effective in reaching therapeutic target or not, were reported as

dichotomous variables.

Data was saved encrypted in Microsoft® Excel® sheet and was stored without identifiers
attached. Study code numbers were assigned and patient confidentiality was respected
and protected as per Human Investigations Committee’s (HIC) rules and protocol. A

copy of above data was only available to Drs. Barrett and Shamseddin.



20

At the end of the study, data was analyzed by Dr. Shamseddin using IBM® SPSS
Statistics version 20. Since patients acted as their own controls in the secon¢ hase and
as primary endpoints were dichotomous variables, results were analyzed using two paired
groups statistical tests including; paired t test, a McNemar test, logistic regression, and
Poisson regression as appropriate, to compare the safety, clotting, and bleeding incidence
rates between the monthly ACT-guided heparin (Phase I) and no routine ACT periods
(Phase II). Poisson regression was used to compare the differences between the counts of
clotting, bleeding, and the number of heparin dose changes between phase I and II. To
compensate for any intrapersonal factors affecting the occurrence of any clotting or
bleeding events, Logistic regression was used to compare between events whether they

occurred or not, regardless the count of events.

Further analyses were used to compare between different types of clotting and bleeding
events that occurred during phase I and II. Effective heparin dose changes achieving

ACT target after clotting and bleeding events were also compared between phase I and II.
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Sample size estimation:

On average over 100 patients each receive three hemodialysis sessions per week in our
dialysis unit. Prior to this evaluation, we completed a retrospective review of a sample of
records under the then current monthly ACT-guided heparin monitoring protocol to
estimate the number of bleeding and clotting events we might expect. We found two
clotting events in a 20-patient sample over a 6-month period; both events required
dialyzer and circuit change (2 clotting events per 20 patients per 6 months). So, over a 3-
month period, and in a 100-patient sample instead of 20 patients, we expected a total of 5
clotting events. Now, in the absence of data and in order to plan our study, we assumed
that bleeding events would occur at the same rate as clotting events, although the
assumption was unfounded. Consequently and in the absence of any intrapersonal risk
factors for bleeding or clotting events; the total clotting and bleeding events in a 100-
patient sample over a 3-month period would be 10 events or in other words 10% of

patients might develop a clotting or bleeding event.

As the relevant risk of bleeding or clotting is linked in time to dialysis treatments, we
could convert this expected event rate to 10 per 3600 dialysis sessions (100 patients * 36
dialysis sessions each in three months). We recognized that this event rate might be an
underestimate, as staff was likely not routinely recording all relevant events in the charts

in the past.
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Since the purpose of this study was to ensure that our change in practice was not unsafe,
we considered an increase in the overall bleeding and clotting event rate of 10/3600
dialyses to be too large to justify not routinely monitoring the ACT. Depending on
above, a sample size of 3600 dialysis treatments or in other words 100 patients on chronic
hemodialysis three times weekly followed over three months, would yield a 95%
confidence interval width of 0.02-0.04% around such a difference in rates. This level of
precision was judged sufficient for the proposed evaluation. Furthermore, and in order to
achieve enough events during this evaluation, we extended the observation period to four
months, before and after changing our current practice from the monthly monitoring of

ACTs to that of measuring ACTs for clinical indications only.
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RESULTS

After obtaining the approval of the Human Investigations Committee and the Research
Proposals Approval Committee of Eastern Health, 109 ambulatory adult patients with end
stage renal disease (ESRD) receiving heparin anticoagulation during their chronic
hemodialysis (HD) at established doses of heparin at the Waterford Hospital were

enrolled in our study on August 01, 2009.

Descriptive Analysis:

Table | shows the results of the demographics and baseline characteristics of all patients.
The average age of enrolled patients was 61.4 + 15.9 years and 59% of participants were
males (Table 1). Diabetes, hypertension, and glomerulonephritis were the most common
etiologies of ESRD similar to other hemodialysis populations in North America (1ablc 1).
Hypertension and other comorbidities such as Diabetes, coronary artery disease, and
peripheral vascular disease were associated with ESRD in 82%, 44%, 40%, and 31% of
patients, respectively (Table 1). Only one third of patients had arteriovenous fistula
(AVF) while the other 70% had hemodialysis line (Table 1). Less than 50% of
participants were receiving chronic Aspirin (43%) while very few were on clopidogrel

(Plavix) and warfarin (Coumadin), 14% and 6%, respectively (I ahle 1),
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Alternatively, heparin dose was changed following only 5% of all clotting events that
occurred during phase II and heparin dose change was effective, achieving ACT target of

> 150 after changing heparin dose, in only 1 of those 3 cases (Table 3).

Since clotting events type 2 and 3, compared with type 1, were more clinically important
as serious clinical complications of clotting, we further categorized clotting events during
phase I and II, to either type 1 events or type 2 and/or 3 events. Subsequently, we
compared events occurrence, heparin dose changes after clotting occurrence, and whether
heparin dose change was effective in achieving an ACT target > 150 post heparin dose

change (Tuble 0).

The data show that the heparin dose was changed more often and the dose change was
more effective during phase I compared with phase II (Table 0). Heparin dose was
changed after clotting events in almost one third of all type 1 clotting events and in 40%
of all type 2 and 3 clotting events during phase I (Tablc 6). Furthermore, heparin dose
change was more effective, achieving an ACT target > 150 post heparin dose change,

during phase I compared with phase I, especially after clotting events type 2 and 3 (Tablc

0).
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Comparative Analysis:

Clotting Events:

To identify whether the difference between the counts of clotting events occurring during
phase I and II was statistically significant, and since clotting event counts have the
Poisson distribution (36), we analyzed our study data using Poisson Regression (37.

33). Poisson distribution is a discrete probability distribution that expresses the

probability of a given number of events occurring in a fixed interval of time, if these
events occur with a known average rate and independently of the time since the last event

(30). Poisson Regression is a form of regression analysis used for independent count

data model (537, 3R), which assumes that:

1. The dependent variable (¥ = clotting event) has a Poisson distribution
2. The dependent variable is a count of independent events over time at risk
3. The logarithm of its expected value can be modeled by a linear combination of

unknown parameters

Furthermore, the Poisson regression model rate (A = count of event/number of times event
could have occurred), estimates the risk of the event occurring in a specific group of

people during a specified period of time, known as exposure time (3%). However, when
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the study duration is long enough and not all subjects are observed for the same length of
| time (such as if patients were lost to follow up, died, or transferred out of the study); the
| risk of the event can be presented in Poisson regression as incident rate ratio (IRR) for
the reference group (3. 39). Those incident rate ratios (IRRs) can be reported by the
IBM® SPSS Statistics version 20 outputs (35. 39). IRRs are equal to the coefficients

above exponentiated from the IBM® SPSS Statistics version 20 outputs (33, 39).

Using this approach, the incident rate for all clotting events that occurred during phase I
was significantly higher (1.5 times) than that during phase II (Tablc 9, IRR 1.5; 95% CI:

1.08 -1.09, P=0.017).

Table 9: Total Clotting Events per Phase (Poisson Regression)

Parameter Estimates

A5« wald Confidence Interva!
35% Wald Confidence Interval Hypothesis Test for ExprB)
Wald Chi~

Parameter B Std frrof Lower Upper Square f Sig LxpiBi Lonwer Upper
ntercept -.631 1313 -.888 -374 23,086 1 000 532 41l 688
{Phast=1] 405 1695 .073 738 5.721 i 017 1.500 1.07¢ 2.091
{Phase=2} o . . . . . . 1
(Scale) 1*

Depengent Variable otal_Cloung Event
Model {Intercegti. Phase

a. Set to zero because this parameter is redundant.
bs. Fixed at the displayed vafue

Furthermore, when we compared the counts of different types of clotting events that
occurred during phase I and phase II, we found that all types of clotting events occurred

surprisingly more often during phase I compared with phase IT (Table 16, 11, 12); type 1
















40

Table 15: Total Clotting Events Type 2 per Phase (Poisson Regression - Offset Variable)

Parameter Estimates

95+ Wald Lontidence Interval

99% Waid Confidence Interval Hypothesis Fest for [xpiBs
Waid Chi-

Patarneter 8 Std Error Lower Upper Square ut Sig ExpiBl Lower Upper
(Intercept -5 830 2500 -6 320 -5 340 543767 1 00 003 002 nus
{Phase=1} .304 3255 - 334 942 871 1 351 1.355 716 2565
[Phase=2} 0* 1
1Scaien 1"
Dependent Variable Towul_doting_Type_Two

Model fintercept). Phase, oftset — Months_of_Fu

a Setto zero becawse this parameter is redundant

b. Fixed at the displayed value.

Table 16: Total Clotting Events Type 3 per Phase (Poisson Regression - Offset Variable)

Parameter Estimates

95 Wald Confidence Interval

957 Walg Contidence Interval Hypothesis Test for Expt8:
wald Chi-

Parameter B Std Error Lower Upper Square ot 5ig. ExpiB) Lower Upper
fintercepty 8.602 1.0000 10.562 6642 73 999 1 200 800 000 .00t
[Phase=1j 634 1.2247 -1.766 3.035 .268 1 &0S 1.885 L1171 20.792
{Phase -2} 0* 1
(Scate) 1°
Dependent Variable Total Clotung Type Three

Mode! intercept). Phase. oftset = Months of FU

a. Set to zero because this parameter is redundant

b Fixed at the displayed value

While clotting events did not occur in some patients, clotting occurred more often in

specific patients than others due to theoretical intrapersonal diathesis. However, the risk

of clotting in those patients with higher clotting event counts, was not affecting outcomes

over a short period of time, since events in those patients occurred at different intervals.

Sometime, two events occurred in a row, then no event occurred for a variable length of

time, followed by another event, for example.
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In the setting of above findings and since the occurrence of clotting event is a dependent
categorical variable (Clotting occurred; Yes = 1 or No = 0), to evaluate intrapersonal

effects on clotting events, we compare the risk of any clotting occurrence versus not

occurring between phase I and II, using binary Logistic regression. Binary Logistic

Regression is a type of regression analysis used for predicting the outcone of a
categorical dependent variable based on one or more predictor variables. It measures the
relationship between a categorical dependent variable and usually a continuous or
categorical independent variable (or several), by converting the dependent variable to
probability scores and providing the odds ratio (Exp (B)) for each of the dependent

variables (41.+42).

An odds ratio (OR) measures the association between an exposure and an outcome and
represents the odds that an outcome will occur given a particular exposure, compared to
the odds of the outcome happening in the absence of the same exposure (42.43). Odds
ratios compare the relative odds of the occurrence of the outcome of interest (e.g. clotting
or bleeding events), given exposure to the variable of interest (e.g. exposure to monitored
heparin on hemodialysis versus exposure to unmonitored heparin on hemodialysis). The
odds ratio (OR) can also determine whether a particular exposure (e.g. exposure to
monitored heparin on hemodialysis versus exposure to unmonitored heparin on
hemodialysis), is a risk factor for a particular outcome (e.g. clotting or bleeding events),

and compares the implication of various risk factors for that outcome (43).



Exposure does not affect odds of outcome

Exposure associated with higher odds of outcome

Exposure associated with lower odds of outcome

When a logistic regression is calculated, the regression coefficient (B) is the estimated
increase in the log odds of the outcome per unit increase in the value of the exposure
(43). In other words, the exponential function of the regression coefficient [Exp (B)] is
the odds ratio associated with a one-unit increase in the exposure (+2.43). The 95%
confidence interval (CI) estimates the precision of the OR. A wide CI indicates a low
level of precision of the OR, whereas a narrow CI indicates a higher precision of the OR
(43). The 95% Cl is often used as an alternate for the presence of statistical significance
if it does not overlap the null (e.g. OR = 1) value (43). Otherwise, it would be unsuitable
to explain an OR with 95% CI that crosses the null value as indicating evidence for lack

of association between the exposure and outcome (43).

The Odds Ratio (OR) of any clotting event phase I was significantly higher (OR = 1.87)

compared with phase II (Tahlc 17, OR = Exp (B) 1.87; 95% CI: 1.03-3.39, P = 0.04).
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Table 17: Any Clotting per Patient per Phase (Binary Logistic Regression)

Parameter Estimates

35~ Wald Confidence Interval
95 Wald Contidence ntervai Mypothesis Test for Exp:By
wald Chi-

Parameter B Std. Error Lower Upper Square df Sig ExpiB) Lower Upper
ntercept -1.212 2278 -1.658 - 765 28.298 1 009 298 130 465
|Phase=1] 627 23030 .033 1.221 4.281 1 039 1.872 1.034 3.390
[Phase -2} ot R . . . 1
iScales if

Dependent Variable. Any_Clotung_per_Pauent_per-Phase
Model fintercept. Phase

a. bet to zero because this parameter s redundant

b Fixed at the displayed value

Given on the above findings and since the majority of patients finished the study, we
concluded that both the incident rate ratio and the Odds ratio of any clotting event in ’
phase I was significantly higher than those in phase II. These findings were surprisingly
unexpected, as prior to this study, we expected more events to occur in phase Il since
heparin doses were not monitored and adjusted appropriately during this phase compared
with phase I. To verify whether the higher incident rate and risk of clotting events
observed during phase I was due to a misplaced comfort on the part of the Nephrologists
that the heparin dose was routinely monitored as well as the less than expected response
of the Nephrologists to change heparin dose and to follow up on ACT results to adjust
heparin doses appropriately, we compared whether heparin dose was changed more often
in phase I versus phase 11, using Poisson regression without and with offset variable

analysis (since 10 patients left the study before the end of the study as mentioned above).

Heparin dose was changed following 29 clotting events out of 87 events that occurred in

phase I compared to 3/58 events in phase II (1 able 5).
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Table 19: Incident Rate Ratio of Heparin Dose Change Post Clotting Events (Poisson Regression -

Offset Variable)
Parameter Estimates
95+ Wald Confiderce Interval
Q5 Wald Confidence Intenval Hypathesis Test for ExpiB
Wald Chi-
Parameter B Std. Etror Lower Upper Square dt Sig ExpiB) Lower Upper
intercepty -7504 5774 -8 635 h 372 16k 116 1 [SOH1Y) O0g noy 0642
[Phase=1] 2.210 6065 1.021 3398 13.275 i 000 9.113 2.776 29.915
| [Phase=2| 0 1
| (Scale) 1"
i Dependent Variable totaldlotingonheparin_hepannChanged

Model (Intercept), Phase. offset ~ Months_of_Fu

a4, Setto zero because this parameter 1y redundant

b Fixed at the displayed value

Furthermore, to compare whether heparin dose change was more effective (Defined as

ACT value post heparin dose change achieved a target ACT > 150) in phase I versus

phase II, we analyzed our data using Poisson regression without and with offset variable
analysis. Heparin dose change was effective in 19 clotting events out of 29 events where
heparin dose was changed in phase I compared with 1/3 cases in phase II (tublc ).
Heparin dose change was significantly more effective when heparin changed in phase 1
compared with phase II (Table 20, IRR 207.1; 95% CI: 27.73-1547.02, P =0.000), even

with offset variable analysis (Tablc 21, IRR 189.45; 95% CI: 25.36-1415.2, P =0.000).
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Table 20: Incident Rate Ratio of Effective Heparin Dose Change Post Clotting Events (Poisson

Regression)
Parameter Estimates
935+ Wald Confrdence Interval
957 Wald Confidence Intérval Hypothesis Test for ExptBy
Waid Ch

Parameter B Std Error Lower Uppet Square dat Sig. ExpBi Lower Upper
interceptr | -4.691 1.0000 -6.65% -2.731 2009 1 000 009 0201 065
[Phase=}] 5.333 10260 3.322 7.35494 27021 1 o0 | 207100 27.725 1547.015
Phase= 2} 0" 1
1Scale) 1
Dependent Vanable totaldlottingonhepanin_heparinChanged_t Hectivechange

Model dnterceptl. Phase

3. 5et1n Zero because this parameter is redundant.

b Fixed at the displayed vaiue

Table 21: Incident Rate Ratio of Effective Heparin Dose Change Post Clotting Events
(Poisson Regression - Offset Variable)

Parameter Estimates

95% Wald Confidente Interval
95+ Wald Contidence intervai Hypothesis Test tor ExpiBe
Wald Chi-

Parameter B Std. Error Lower Upper Square a¢ $ig ExpiB! Lower Upper
Hntercepo -8.602 1.0000 -10.562 -6.642 73 999 1 600 006 0oo 001
{Phase=1f 5.444 l.u¢ey 3.2133 7.25% 26 146 1 900 189,452 25,302 1415.202
[Phase =2} by 1
Scafer 1"
Dependent Vanahie totalciotingonhepann_hepannChanged_CFFEC TIVEChange

Modei (intercept Phase, offset — Manths_of_Fu
a Setto zero hecause this parameter is redundant.
b. Fixed at the displaved value.

To extend above findings into different types of clotting events, we repeated our analysis

combining clotting events type 1 separately from type 2 and/or 3 events and we compared

those findings between phase I and II (1uble 00). There was 19 clotting events type 1 out

of 62 events where heparin was changed in phase I and change was effective in 12/19

events. While in phase II, heparin dose was changed only in 1 event out of 41 clotting

events type 1 and change was not effective (I ahlc 6). On the other hand, there were 10




clotting events type 2 or 3 out of 25 events where heparin was changed in phase I and

change was effective in 7/10 events. In phase II, heparin dose was changed only in 2
events out of 17 clotting events type 2 or 3 and change was effective only in 1/2 events

(Table 6),

Heparin dose was changed significantly more often when clotting events type 1 occurred

in phase I compared with phase II, P = 0.04 (Table 22) and P = 0.005 (1uble 22).

Table 22: Incident Rate Ratio of Heparin Dose Change Post Clotting Events Type 1 (Poisson

Regression)
Parameter Estimates
95+ Watd Confidence Interval
95, Wald Contidence interval Hypathesis Test for ExpiB:
Wald Chi-

Parameter B Std. krror Lower Upper Square dt 519. ExpiB) Lower Upper
ntercepts -4.691 1.0000 -6.651 2.731 22.009 1 .oeo0 009 001 065
[Phase 1) 2.944 1.0260 934 4955 8.236 1 604 | 19.000 2.544 141.923%
|Phase =2} 1N ]
15caler 1"

Dependent Vanable totaiclotingonheparin_type #'_heparmChanged
Mode! tntercept). Phase

3. Setto zero because this parameter s redundan?.
b Fixed at the displayed value

Table 23: Incident Rate Ratio of Heparin Dose Change Post Clotting Events Type 1
(Poisson Regression - Offset Variable)

Parameter Estimates

5% Wald Confidence interval
95 £ Wald Conhdence interval Hypothesis Test tor ExprB}
Wwald (hi-

Parameter B Std. Crror Lower Upper Square df Sig. Exp(B) Lower Upper
iintercepts -8.602 1.0000 -10.562 -6.642 73999 1 .000 000 000 REERY
[Phase=1} 2.885 L.uzeu 875 4.896 7.909 1 .0os 17911 £ 398 133.795%
[Phase=2}) o* . . . . . . i
(5caley 1°

Dependent vanabie totalciotingonheparin_type #¢_hepannChanged
Mode! f(Intercept). Phase. oftset = Months_of FU

a bt to zero because this parameter 1s redundant
b Fixcd at the displayed value
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Moreover, heparin dose was changed significantly more often if clotting events type 2 or

3 occurred in phase I compared with phase II, P = 0.04 (1able 26, 27), but the dose

change was not significantly more effective when heparin changed in phase I compared

with phase I, P = 0.43 (Tablc 28. 29),

Table 26: Incident Rate Ratio of Heparin Dosc Change Post Clotting Events Type 2 or 3 (Poisson

Regression)
Parameter Estimates
95 Wald Contidence nerval
95 Wald Confidence interval Hypothests Test for ExpiB!
Wald Chi-

Pacameter B S Efror Lower Upper Square ot Sy, ExpiB Lower U er
ntercepty 3 998 7071 5 384 2612 31.971 1 060 018 ons 073
{Phase=1} 1.609 7746 091 3128 4.317 1 038 5.000 1 096 22.820
(Phase=2} ot i
(Scaley 1°
Dependent Vanable totaltiottingonheparin typez2or3 heparmchanged

Mode! intercept). Phase

a. Setto zera hecause this parameter s redundant.

bk Fixed at the displayed value

Table 27: Incident Rate Ratio of Heparin Dosc Change Post Clotting Events Type 2 or 3 (Poisson

Regression - Offset Variable)

Parameter Estimates

5. wald Confidence Interval
95" Wald Confidence tnterval Hypothesis Test for ExpiB)
Wald Chi-

Parameter B Std. Error Lower Upper Squdre dt 3ig. ExpiB Lowes Upper
intercepts 7 909 7071 9295 65523 125.109 1 000 .000 000 001
{Phase=1}] 1.550 7746 032 3.069 4.006 1 Gas 4.713 1.033 21.512
{Phase=2] ot 1
iScated 1"
Dependent Varable totatel_ . 1 type#2ord hepannchanged

Mode! ilntercept), Phase. offset - Mo;\ihs_ot_ Fu

#. Setlo zero because this parameter s redurndant

b Fixed at the displayed value.
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Table 28: Incident Rate Ratio of Effective Heparin Dose Change Post Clotting Events Type 2 or 3

(Poisson Regression)

Parameter [stimates

35~ Wald Conhidence Interval
95 Wald Contidence Intervaj Hypothesis Test for ExpBi
Wald Chi

Parameter R Std Errow {Lower tipper Square dt Sig FapiRs | ower Upper
iintercept) -.693 1.0000 -2.653 1.267 LA80 i 488 500 070 3 550
[Phase=1] 847 1 0690 -1.248 2.943 628 1 A28 2.333 287 18.965
|Phase -2} o* . 1
iScates 1"

{ependent Vanable totakclotungonheparin_type #2013 _heparnchangad_LFFECTIVE
Maodel dntercept). Phase

a. Sctto zero because this parameter is redundant
b Fixed at the displayed value

Table 29: Incident Rate Ratio of Effective Heparin Dose Change Post Clotting Events Type 2 or 3 |

(Poisson Regression — Offset Variable)

Parameter [stimates

G5+, Wald Conhidence interval
95 Wald Confidence Interval Hypothesis Test tor ExpiB}
Wald Chi

Parameter B Sid Error t ower tpper Square df Sig Exp B tower Upper
inercepty -4.693 1.0000 -6.653 -2733 22.026 1 00 009 001 D65
[Phasg= 1] 847 1.0690 -1.248 2943 628 1 aly 2.333 257 18 765
|Phase:. 2} o’ . . . 1
15¢ale) 1"

Dependent Vanabie totalclothingonheparin_rypes2ord_heparnchanged_FFFECTIVE
Modei (intercepts. Phase. offset = Months_ot_FU

a Setto rero because this parameter 35 redundant
h. Fixed at the displayed value

To measure the association between clotting events and heparin dose change during phase
I and II as well as the association between heparin dose change and effective heparin
change, we ran logistic regression analysis using any clotting event occurrence, regardless
of the type or count of events, during phase I and II. The Odds ratio of changing heparin
during phase I compared with phase Il was OR = 6.1; 95% CI: 1.72-21.52, P = 0.005
(Table 30), and the OR of effective heparin dose change in phase I compared with phase

IT was significantly higher (Table 31, OR 180; P =0.000).



Table 30: Odds Ratio of Heparin Dose Change if Any Clotting Occurred (Binary Logistic Regression)

Parameter Estimates

49 % \vald Contidence Interval

95 Wald € onfidence Intervai Hypothess Test for ExpiB
Waid Chi-
Parameter B Std. Error Lower Upper Square dt Sig ExpiBy Lawer Upper
{intercept: -31.565 3855 -4.712 -2 417 37 u7s8 aun 8 48] 089
{Phase 1] 1.805 6450 541 3.069 7.830 303 6.079 1717 21.520
{Phase=2] o* 1
iScaler 1!

Dependent vanable Hanyclotungonhepann_hepannchanged
Modet (intercept). Phase

a. Set tu zero because this parameter 1s redundant

b. Fixed at the displayed value.

Table 31: Odds Ratio of Effective Heparin Dose Change If Any Clotting Occurred (Binary Logistic

Regression)
Parameter Estimates
95> Wald Confidence interval
957 Wald Confidence interval Hypothess Test tor LxptBi
Wald Chi-

Parameter B Std. Error Lower Upper Square df Sig Eapidy Lower Unper
fintercepts -4 682 1 046 -6 691 -4 714 21721 060 ang 0ol 066
tPhase =1} 5.193 1.1296 2.979 7.407 21 13% 300 180.000 19.669 1647.264
Phase=2} 0? 1
Scale- 1"

Dependent Vanable tfanycdotingonheparm heparninchanged EFFECTIVE change
Model fntercepty, Phast

a. Set to zero because this parameter is redundant.

b Fixed at the displayed value

Furthermore, and as clotting events type 2 and 3 are more clinically considerable and

important from a morbidity point of view, we repeated above analysis using only any

clotting events type 2 or 3 during phase I versus phase II. The Odds ratio of changing

heparin dose during phase 1 compared with phase II for any clotting events type 2 or 3

was still higher but not statistically significant OR =3.12; 95% CI: 0.62-15.8, P = 0.17

(Table 32), and the OR of effective heparin dose change in phase I compared with phase

II for any clotting events type 2 or 3 was also higher but not statistically significant (bl

33, 0R 2; 95% CI: 0.08-51.6, P = 0.68). However, since the P values were insignificant




and the 95% ClIs were wide, we might have lacked power to pick up on a clinically

meaningful difference.

Table 32: Odds Ratio of Heparin Dose Change If Any Clotting Type 2 or 3 Occurred (Binary Logistic

Regression)
Parameter Estimates
95+ Wald Confidence Interval
95~ Wald Confidence Interval Hypothesis Test for Exp!B}
wald Chi-

Parameter B Sud. Error Lowes Upper Square df Sig. ExpB) Lowes Upper
tntercepty 3.980 7137 5.378 2.581 31 095 1 000 019 005 076
[Phase =1} 1.137 .8281 - 486 2 760 1384 1 170 3.117 615 IS 795
{Phase=2} 0! . . . . . 1
(Scaler 1"

Dependent vanable tanydottingtype2or3 onhepasin heparinchanged
Model tntercepts, Phase

a. Set to zero because this parameter 15 redundant
b Fixed at the displayed value

Table 33: Odds Ratio of Effective Heparin Dose Change If Any Clotting Type 2 or 3
Occurred (Binary Logistic Regression)

Parameter Estimates

95 Wald Contidence Intervat
95+ Wald Confidence Interval Hypothesis Test for ExpiB)
e e A mate e g L e s e

Parameter B Sud Error Lower Upper Square dt Sig. ExpiBs Lowe? Upper
intescept) | 1 1IDE-D16 14142 -2.772 277l 000 1 1000 1.000 063 15933
{Phase= i} 843 16583 2557 3.943 175 1 676 2.000 Rirg-S 515493
{Phase =2} o' . . . N . ]
1scale! 1"
Dependent Vanable Hanvdowmngtype2or3 onhepann hepannchanged EFFECTIVE

Modet tntercept. Phase
a. Set to zeso because this parameter is redundant.
b. Fixed al the cisplayed vaiue

In conclusion, changing heparin dose after any clotting events during phase I was
significantly more likely to happen compared with phase 11, but change was not

significantly successful especially after more serious clotting events such as type 2 and 3,









55

Hosmer and Lemeshow Test

Step Chi-square df Sig.

1 11.212 8 190

Due to a complex interaction between phases that will require complicated statistical
analysis restricted by the limited data that we had, and after consulting with one of our
Biostaticians, Dr. Bingshu E. Chen from the Cancer Research Institute at Queen’s
University, we could not build a multivariate logistic model that will combine both phases
of the study to identify the independent variables that would be able to predict the

occurrence of clotting.

Consequently, we repeated above Logistic regression models to predict the likelihood of
any clotting events and any type 2 or 3 events occurrence during phase II (1abhlc 36, 37).
The use of CVC line as a HD line was associated with a significant risk of any clotting
events as well as type 2 or 3 events during phase II (OR 4.27; 95% CI: 1.5-12.13, P =
0.006). Hosmer-Lemeshow Goodness of Fit Test indicated support for the models (-+2)

since P values were higher than 0.05 (P = 0.999).
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(Table 39, 40), while type 5 occurred more frequently during phase I (2 X) compared

with IT (Tahlc 41). However, none of the incident rate ratios of those bleeding event

types were statistically significantly different across phases (1:ahic 39 40, 41), type 3 (P

=0.31), type 4 (P = 0.44), and type 5 (P = 0.33).

Table 39: Total Bleeding Events Type 3 per Phase (Poisson Regression)

Parameter Estimates

95~ Wald Confidence Interval

45 Wald Conhdence Intervai Hypothesis Test for ExpiBt
Wald Chi-
Patameter | Swd Error Lower Upper Square dt Sig. Exp(By Lower Upper
fintercepts -1 6496 2236 -2 134 -1 287 57 S0/ 0ng 184 118 284
[Phase < 1} 357 L3485 -1 040 329 1 048 306 700 354 1386
Phase=2] ot 1
iScated 1"
Dependent Vanable Total bleeding_Type _Threc_per_Phase
Model dntercept). Phase
4. Set to zero because this parameter is redundant
b. Fired at the displayed value.
Table 40: Total Bleeding Events Type 4 per Phase (Poisson Regression)
Parameter Estimates
95 Wald Configence Interval
95% Wald Confidence Interval Hypothesis Test tor ExpiB)
Wald Chyi-

Paiameter 8 Sid. Error Lower Upper Square df 5ig. ExpiB) Lower Upper
iintercepty -2.494 13333 -3.147 -1 841 $5.986 600 .083 043 159
{Phase =1} -.405 82740 ~1.438 028 592 442 R-1-v4 237 1.873
fPrase=24 o* 1
(Scales 1t

Dependent Vaniable Total_bleeding_type tour_per _pt phase?]

Model tnicrcept, Phasce
a4 Set 1o zeru because this parameter s redundasit.

h. Fixed at the displayed value.
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Table 41: Total Bleeding Events Type 5 per Phase (Poisson Regression)

Parameter Estimates

95« Wald Confidence Interval
95+ waid Confidence Interval Hypothesis Test tor ExpiBs
Watd Chi-

Parameter B Std. Errot Lower Upper Square df Sig ExpiB} Lower Upper
tintercepts ~3.593 5774 ~4.724 -2.461 38 723 1 000 028 .009 085S
{Phasc-1] 693 L7071 .693 2.079 961 1 327 2.000 500 7.997
{Phase-2] 0’ 1
iScales 1"
Dependent Varrable Total bleeding Type Frve per Phase

Model tintercept). Phase
a. Setto zere because this parameter 1s redundant.

b Fixed at the displayed value

Moreover, since a few patients did not finish the study, as they were transplanted (x 4

patients) or died (x 6 patients) before the end of the study (Tublc 2), those patients did not

have the full study length of exposure. Consequently, those patients who did not

complete the study may model bleeding event rates in this study over time. To

accomniodate for the bleeding events occurring to a particular length of observation,

divided by time of exposure, Poisson regression with offset variable analysis was used

to calculate event rates as events per unit time, allowing the observation window to vary

for each time unit (-10).

Using offset variable analysis, there was no difference of the incident rate ratio of all

bleeding events occurring during phase I compared with phase II (Tablc 42, IRR 0.94;

95% CI: 0.54-1.66, P =0.84).



Table 42: Total Bleeding Events per Phase (Poisson Regression - Offset Variable)

Parameter Estimates

95 Wald Conhdence Interval
95% Wald Confidence interval Hypothesis Test for ExpiB)
Wald Ch-

Parameter 8 Std. Error Lower Upper Square df Sig ExpiB) Lower Upper
fintercept) -5.424 2041 -5.824 -5.024 706 137 1 .000 004 003 007
{Phase=1] -.059 2887 -625 507 042 1 §38 943 535 1.660
{Phase=2] o' 1
{Scaley 1"
Dependent Variable Any_Bleedin_per_Patient_per-Phase

Madel (ntercept. Phase. affset = Months_ot_FU

b Fixed at the displayed value.

a. Setto zero because this parameter s redundant.

Bleeding events type 3 and 4 occurred less frequently during phase I compared with

phase 11, 30% and 37% less for type 3 and 4, respectively during phase I (1abic L3, 444),

while type 5 occurred more frequently during phase I (1.9 X) compared with 11 (T ablc

45). However, none of the incident rates of those bleeding event types were statistically

significantly different across phases (1uhlc 43, 44, 45), type 3 (P =0.23), type 4 (P =

0.38), and type 5 (P = 0.37).

Parameter Estimates

Table 43: Total Bleeding Events Type 3 per Phase (Poisson Regression - Offset Variable)

95%. Wald Confidence iorerval

b. Fixed at the displayed value

Model (intercept. Phase. offset = Months_ot_fU

A, Setto zera because this parameter 5 redundant

95+ Wald Confidence Intetval Hypothesis Test for Expi8i
Waid Chi
| Patameter B Std. Error Lower Upper Square df Sig ExpiBy Lower Upper
iintercept) -5 607 2236 -6 045 -5 168 €28 670 i (1)) 04 G662 006
{Phase=1} -.416 3485 -1.099 267 1.423 1 233 660 333 1.306
{Phase=2| o? i
15cale} 1"
Dependent Variable Total hieeding Type_Three per Phase
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Table 44: Total Bleeding Events Type 4 per Phase (Poisson Regression - Offset Variable)

Parameter Estimates

a5 Wald Confidence Interval
95~ Wald Conhidence Interval Hypothesis Test for ExpiBs
Wald Chi-

Parameter B Std. Error Lower Upper Square dt $1g. ExpiB Lowet Upper
tnercepts -6.405 13333 -7.058 -5752 369.224 1 000 002 001 003
[Phase=1] 161 5270 1.497 .569 277 1 378 628 224 1766
{Phase=2} 0’ 1
(Scales 1"

Dependent Variable Total bleeding type four per pt phase2l
Model (ntercept). Phase. offset = Months of fU

a Setto zero because this parametes 1s redundant.
b. Fixed at the displayed value,

‘ Table 45: Total Bleeding Events Type 5 per Phase (Poisson Regression - Offset Variable)

Parameter Eslimates

95 Wald Contdence interval
95+ Wald Confidence nterval Hypothesis Test for ExpiBt
Wald Chi

Parameter B Std. Frror Lower tipper Square af Sig Fapift tower Upper
iintercepty | -7.504 5774 -8.63% -£.372 168.916 1 600 00 000 002
(Phase =1§ 634 L7071 -.752 2.020 .5804 i 370 1.885 472 7.539
(Phase=21 ot . : : 1
Scaies 1!

Oependent Varniabie Total_bleeding Type_Five_per_Phase
Model iinterceptr. Phase. offset = Months_OF_FU

a2 Setto 7ero because this parameter is redundant
b. Fixed at the displayed vaiue.

To evaluate the intrapersonal effects on bleeding events and in order to identify whether
the difference between bleeding event occurrence, as a dependent categorical variable
(Bleeding occurred; Yes = 1 or No = 0), between phase I and II was statistically
significant, we analyzed our data using Binary Logistic Regression (Please refer to page
41 for further details about Binary Logistic Regression, Odds Ratio and the interpretation

of the width of 95% confidence interval).
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The Odds Ratio (OR) of any bleeding event to occur in either phases was similar (Table¢

45, OR 1; 95% CI: 0.53-1.9, P = 1).

Table 46: Any Bleeding Events Phase I versus II (Logistic Regression)

Parameter Estimates

95 Waid Confidence Interval
95 Waid Canfidence Intervai Hypothesis Test for Exp:B:
Waid Lhi-

Parameter [} Sed. Frior i ower tpper Square it g £ xpBy L cwer \ipper
{intercept) -1265 2312 -1718 -4812 29930 1 000 282 179 444
{Phase=1] 000 3269 -.64] 641 000 ] 1000 1000 527 1.898
{Phase-2| [/ R . . 1
iScales i

Dependent Variabie Any Bleedin_per_Fatient_per-Phase
Mode!l 1intercept.. Phase

3 Settn zero hecause this parameter is redundant

b. Fixed at the displayed valuc.

So, although all bleeding events occurred less frequently during phase I compared with

phase II; 12% using Poisson regression (IRR 0.88) and 6% using Poisson regression with

Offset variable analysis (IRR 0.94), differences were not statistically significant.

Furthermore, since there was only 4 bleeding events during phase I, where heparin doses

were changed and were effective (ACT post heparin dose change achieved a target ACT

of 150 to 200), and only 3 events occurred during phase I, where heparin was changed

without available post heparin dose change ACTs (Table §), we did not statistically

analyze our limited data to compare whether heparin dose was changed more often in

phase [ versus phase II.
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Secondary Endpoints:

Since ACT, URR, and hemoglobin are continuous variables and since we have only one
group of patients followed over the two phases of the study (two different conditions), we
compared the mean of above variables of the two phases of the study analyzing our data
using a Paired-samples t-test, assuming that the study sample was randomly selected from
the hemodialysis population, study measurements observed were independent of one
another and normally distributed with equal variances (42). With our large sample size (n

=109, > 30), violation of the last assumption was unlikely to cause any serious problems

(42).

With a 2-tailed significance level of 0.05 (¢ = 0.05) and a degree of freedom of 108 (»
=109 - 1 =108), the mean baseline ACT in phase I (152.8 + 18.7) was significantly
higher than the baseline in phase I1 (139.9 + 43.7), t (108) = 2.99, P = 0.003 (iubic 47).
The mean decrease in ACT was 12.79 with a 95% CI: 4.31-21.28 in phase II compared
with phase I (Tablc 47). However, this statistically significant difference of 12.8 seconds

in ACT is not clinically relevant.
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Table 47: Paired Samples t-Test - ACT

Paired Samples Statistics

Mean N Std. Deviation Std. Error
Mean
Pair 1 meanACT_phasel 152.758440 109 18.7438605 1.7953362
r
meanACT phasell 139.964679 109 43.7170065 4.1873298
Paired Samples Correlations
N Correlation Sig.
. meanACT_phasel
Pair 1 ACT_phasel & 109 161 094
meanACT phasell
Paired Samples Test
Paned Differences
95 « Conhdence interval of
Gt S Error the Ditterence g (2
Mean Deviation Mean Lower Upper 1 df taded:
Pair 1 meanACT phasel - 12 7937615 | 44.7005594 42815371 130703122 | 21.2805107 ¢ 988 108 613
meanACT_phaseit

To evaluate the effect of monthly routine ACT monitoring (intervention) on this
difference, we calculate the intervention effect size for paired-sample t-test (known as Eta

squared) recommended by Cohen 1988 as the most commonly used effect statistics (+.").

Eta squared = t* + [ + (N-1)]

Where t is the t-test value and N is the sample size (109 in our study)
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Depending on Cohen 1988 guideline (4) the intervention effect size on the dependent
variable will be small if Eta squared was 0.01, moderate if Eta squared was 0.06, and

large if Eta squared was 0.14.

Eta squared was 0.08, reflecting a moderate effect of routine monthly ACT monitoring on
the difference of the mean ACT between phase | and Il (In other words, there was a
difference in the mean ACT between phase I and Il which could be secondary to routine

monthly ACT monitoring).

Repeating above analysis, the mean URR in phase I (70.50 + 6.96) was significantly
higher than phase I (66.16 + 19.90), t (108) =2.43, P=0.017 (1 ablc -}5). The mean

decrease in URR was 4.35 with a 95% CI: 0.8-7.9 (1ablec 4%).

Table 48: Paired Samples t-Test - URR

Paired Samples Statistics

Mean N Std. Deviation Std. Error
Mean

Pair 1 meanURR_phasel 70.5046 109 6.96118 66676

i

meanURR_phasl| 66.1568 109 19.89952 1.90603
Paired Samples Correlations
N Correlation Sig.

. meanJRR_phasel &

Pair 1 meanURR_phasi| 109 .340 .000
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Paired Samples Test

Paned [utterences

5% Contidence Interval of
the Difterence

meanURR_phash

Std St Error Sig 12
Mean Deviation Mean Lower Upper t dt faile ¢y
Pair 1  meanURR _phaset - 3 34780 18 71188 179227 79520 7 90030 2 16 1n8 017

Eta squared was 0.05 reflecting a small to moderate difference in the mean URR between

phase I and II, however, this difference was not necessarily due to ACT monitoring.

Finally, the mean hemoglobin (Hgb) in phase I (114.11 + 10.18) was significantly higher

than phase II (105.6 +29.51), t (108) = 2.98, P = 0.004 ( Tablc 49). The mean decrease in

Hgb was 8.53 with a 95% CI: 2.85-14.21 (1 ablc 49).

Table 49: Paired Samples t-Test - Hemoglobin

Paired Samples Statistics

Mean N Std. Deviation Std. Error
Mean
Pair 1 meanHGB_phasel 114.1116 109 10.18452 .97550
meanHGB_phasell 105.5803 109 29.50928 2.82648
Paired Samples Correlations
N Correlation Sig.
pairq MeanHGB_phasel & 109 130 477
meanHGB_phasell
Paired Samples Test
Paired Dvfferences
95« Confrdence Interval of
Sud S, Lrror the Ditference Gg
Mean Deviation Mean Lower Upper t gt wuited!
Par 1 meanH(B_phaset 8.53128 29.93610 2.86736 2.84768 14.21489 2.975 108 NO4
meantGB_phasell
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Eta squared was 0.08 reflecting a moderate difference in the mean hemoglobin between
phase I and II. However, the difference in the mean of hemoglobin, between phase I and

11, could not be necessarily attributed to ACT monitoring.




DISCUSSION AND CONCLUSION

After obtaining the ethical approval from the Human Investigations Committee and the
Research Proposals Approval Committee (RPAC) of Eastern Health, a total of 109 adult
chronic hemodialysis patients receiving heparin anticoagulation during their chronic
hemodialysis, at established heparin doses at our hemodialysis unit, were enrolled and
followed in our study, which represent a Quality Improvement Exercise, with a before-

and-after design.

During the first four months of the study (Phase I), all patients received heparin as per our
usual practice and heparin doses were expected to be adjusted, depending on the monthly
routine ACT values, by the Nephrologist covering our hemodialysis unit as per our
protocols (Appendix A & B). During the second four months of the study (Phase 1I),
patients received heparin at a fixed dose, similar to the last bolus and maintenance doses
delivered at the last HD session at the end of phase I. ACT-guided heparin dose
monitoring was not done routinely during phase II; unless clotting or bleeding events
occurred. If clotting or bleeding occurred at any point during phase 11, heparin doses
were expected to be adjusted by the Nephrologist covering the hemodialysis unit

depending on a stat or a scheduled ACT value as per our protocols (Appendix A & B).
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Patients’ demographics and baseline characteristics were similar to chronic hemodialysis

population in North America from age, gender, etiology of ESRD, and comorbidities

points of view, as it was shown in table 1. Average age was 61.40 + 15.99 years and
almost 60% of patients were males. Diabetes and hypertension were the most common
etiology of ESRD and both diabetes and hypertension were existed as comorbidities in
most patients, as it was shown in table 1. Two third of the patients had dialysis lines,
which is mildly higher than recommended. However, this high rate of dialysis line in our

patients was mainly due to patients’ personal preferences.

The majority of enrolled patients completed the study. However, ten patients did not
finish the study since six patients died and the other four received kidney transplantation
before the end of the study. The average follow up of patients during phase I was 3.82 +

0.76 months compared with 3.7 £+ 1.0 months during phase II.

As it was expected, the mean ACT in phase 1 was significantly (P = 0.003) higher (152.8
+ 18.7) than phase II (139.9 + 43.7), and heparin doses were changed more often and
more effectively achieving ACT target during phase I compared with phase II. However,
more than 50% of routine ACTs during phase 1, were below target (ACT < 150), and
heparin doses were unexpectedly changed only in less than 10% of these cases.
Furthermore, heparin dose changes were unpredictably effective, attaining ACT target

only in 50% of those cases where ACTs were low and heparin doses were changed.
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Although the mean ACT level during phase I was significantly higher than phase II, and
although heparin doses were changed more often and more effectively during phase L, all
clotting events occurred unexpectedly and significantly more often during phase I
compared with phase II. Even after compensating for the exposure time, using Poisson
regression with offset variable analysis since a few patients did not finish the study, the
incident rate ratio of all clotting events during phase I remained unexpectedly 41%
significantly higher than in phase II (P =0.041). This could be explained by the high
prevalence of low monthly routine ACT values (ACT < 150) found in more than 50% of
patients during phase I, combined with the low frequency of changing heparin doses (in
less than 10% of those with low ACT during phase 1), and finally by the low rate of
effective heparin dose changes achieving a target ACT above 150, which occurred only in
50% of the above cases during phase 1. However, and although the above proposed
mechanisms could be accountable for the high Odds ratio (OR = 1.87, P = 0.04) of any
clotting event that could occur during phase | compare with phase 11, they could not be
the predominant contributors to clotting, since low ACT values were also observed in

phase II with minimal effective heparin dose changes.

Moreover, even when more serious clotting events occurred (clotting events type 2 and
3), heparin dose change was not significantly more often or more successful during phase

I compared with phase II.
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As practiced locally, this could be due to doctors’ responses to the ACTs. In our
hemodialysis unit, doctors rotated on a monthly basis. In the first month of the study,
more than half of the ACT values (57.8%) were below a target of ACT > 150. The doctor
covering the hemodialysis unit during that month made a lot of heparin dose changes
depending on routine ACT values. Even then, heparin dose changes, during that month,
were surprisingly adjusted only in 55.6% of low ACT cases, and dose changes were
effective, achieving a target ACT of > 150, only in 51.4% of those cases. During the
following three months of the study, and although ACT was low at < 150 in more than
50% of routine ACT values, other doctors arbitrarily made very little changes, adjusting
heparin doses in less than 10% of low ACT cases (3.2%, 11.1% and 7.8% during the 2™,
3™ and 4™ month of the study). The above differences in the physicians’ practices lead
one to speculate that this might be due to the physicians’ sense that tinkering with the
heparin dose made little difference in their experiences. It might: o attest to the
challenge of regularly changing heparin doses to achieve targets in middle size to large
hemodialysis units due to workload and other unstudied risk factors. However, a
multicenter randomized trial or a large multicenter retrospective chart review study will
be required to externally validate above finding before we can generalize our local
doctors’ response to ACT values, to the general Nephrology population. Furthermore, in
future studies it would be advisable to have standardized heparin dose-adjustment
protocols used routinely by hemodialysis nurses when either routine ACTs or event

driven ACT values suggest a heparin dose adjustment. Doing so would reduce the




potential for bias due to physician variability in response to ACT data, especially in an

open label study.

In a multivariate analysis, we could not identify any significant specific risk factors that
will increase the risk of clotting events, except for the use of hemodialysis CVC lines,
which was associated with a significant risk of any clotting events as well as type 2 and 3
clotting events during phase 11 but not phase 1. With good multivariate models fit since
the Hosmer-Lemeshow Goodness of Fit Test P values were above 0.05 (P = 0.999), the
above finding further supports the proved benefits of arteriovenous fistula (AVF)
compared with hemodialysis CVC line in chronic hemodialysis patients. Such a finding
provides another rationale to encourage patients to accept AVF creation as an optimal

dialysis access in chronic hemodialysis.

The above findings related to clotting events were surprising and unexpected since we
expected more clotting events to occur during phase I compared with phase I. Whether
this resulted from doctors’ response to ACT values and heparin dose changes in phase I, a
failure to note and record some clotting events especially in phase 11, the low number of

clotting events, or other factors; was not very clear.

However, we believe that since detecting and recording all clotting events as a routine

part of nurses’ assessment during and at the end of each hemodialysis session as well as
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ongoing education and encouragement of the hemodialysis unit’s nurses, done
periodically by Dr. Shamseddin during the study, minimizes the risk of missing clotting

events during the study.

Furthermore, prior to the study, we expected to have 5 clotting events per 100 patients
| over three months or 5 clotting events per 3,600 hemodialysis sessions. If these numbers
were correct, the expected number of clotting events in our actual study, which had 109
patients followed for 4 months, would be 7 clotting events per 109 patients or 7 clotting
events per 5,232 hemodialysis sessions. Our study showed a total of 87 clotting events in
phase I and 58 clotting events in phase II, both numbers were much higher than what we
expected prior to our study. This is in line with our pre-study assumption that routine
documentation of clotting events prior to the study would fail to capture all events.
Furthermore, it also suggests that although the missing of clotting-related data could not
be completely prevented in our study, data capture was definitely more complete during
the study. It also indicates that diagnosing and recording clotting events in patients’
records is feasible and should be a part of a routine assessment by hemodialysis nurses to
be done during and at the end of each hemodialysis sessions. Furthermore, we believe that
the recording system we invented and incorporated in our hospital computer (MEDitech)
system was effective in capturing the majority of clotting events. However, if further
studies were required in the future, the methods of capturing and recording clotting events

has to be evaluated to avoid missing any data.
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On the other hand, we identified a total of 28 bleeding events during phase I and 32
events during phase II. Those events were further categorized depending on a specific
definition into 5 different bleeding types (t:blc 7). The incident rate ratio of all bleeding
events during phase I, was 12% lower than phase 1. However, this was not statistically
significant and when we compensate for the exposure time, using Poisson regression with
offset variable analysis, there was no significant difference in bleeding events comparing

phase [ with I1.

This was confirmed further by analyzing our data using logistic regression, which
provided an Odds ratio of 1. This Odds ratio as well as the insignificant P value and the
95% confidence interval, containing the value of 1, confirmed that there was no
significant difference in bleeding events comparing phase 1l with phase I. However,
since the P values were insignificant and the 95% Cls were wide, we might have lacked

power to pick up on a clinically meaningful difference.

Furthermore, since there were only 4 bleeding events during phase I, following which
heparin doses were effectively changed (ACT post heparin dose change achieved a target
ACT of 150 to 200), and only 3 events during phase 11, following which heparin doses
were changed, but changes were unknown to be effective since ACTs were not available
(Table §), we did not analyze our limited data to compare whether heparin dose was

changed more often in phase I versus phase II.
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The above findings related to bleeding events were surprising since we expected more
bleeding events to occur during phase Il compared with phase 1. Whether this resulted
from doctors’ response to ACT values and heparin dose changes, missed bleeding events,

the low number of bleeding events, or other factors; was not very clear.

However, prior to the study, we expected to have 5 bleeding events per 100 patients over
three months or 5 bleeding events per 3,600 hemodialysis sessions. If these numbers
were correct, the expected number of bleeding events in our actual study, which had 109
patients followed for 4 months, would be 7 bleeding events per 109 patients or 7 clotting
events per 5,232 hemodialysis sessions. Our study showed a total of 28 bleeding events
in phase I and 32 bleeding events in phase 11, both numbers were much higher than what
we expected prior to our study. This is in line with our pre-study assumption that routine

documentation of bleeding events prior to the study would fail to capture all events.

Furthermore, it also suggests that although the missing of bleeding-related data could not
be completely prevented in our study, data capture was definitely more complete during
the study. It also indicates that diagnosing and recording bleeding events in patients’
records is feasible and should be a part of a routine assessment by hemodialysis nurses to
be done during and at the end of each hemodialysis sessions. Moreover, we believe that
the recording system we invented and incorporated in our hospital computer (MEDitech)

system was effective in capturing the majority of bleeding events. However, if further
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studies were required in the future, the methods of capturing and recording bleeding

events has to be evaluated to avoid missing any data.

Regarding the secondary end points, we found that the mean urea reduction ratios (URR)
and hemoglobin (Hgb) levels during phase I were significantly higher compared with
phase II. However, the differences could not be clearly linked to higher and more
effective ACT levels during phase I compared with phase 11 since the Eta squared were
0.05 (small to moderate effect of ACT on URR), and 0.08 (moderate effect of ACT on

Hgb) and the study design is open to many confounders affecting these outcomes.

Strengths:

Our study was the first and the only study that evaluated the effect of routine monthly
ACT monitoring on major clinical events (clotting and bleeding) as well as laboratory
parameters (clearance — URR and Hgb) in an ambulatory adult chronic hemodialysis
population on an established heparin dose. It is a prospective study with a before-and-
after design. The sample size, the primary endpoint events occurred during the study, and
the follow up were large and long enough to achieve our estimated power as reported
above. The loss to follow up was less than 10% and offset variable analysis was used to

compensate for the exposure time.
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Limitations:

Generalizability may be affected by the single center nature of the study. However, our
hemodialysis unit provided dialysis to stable ambulatory adult chronic hemodialysis
patients, in a suitable geographical location reflecting typical characteristics of a North
American hemodialysis population. This suggests that the findings might apply to other
North American hemodialysis units, although multicenter trials are still required to

confirm our findings.

Furthermore, due to the design of our study, an observational study with before-and-after
design and the absence of blinding since patients were informed that ACTs will not
routinely measured during the second phase, information bias could not be completely
avoided. Reporting and data abstract biases were the main types of information bias we
faced in our study, while the recall bias was not important in the study since patients did
not have to recall exposure to heparin or primary and secondary end points, as those
were observed, diagnosed, and recorded prospectively and mainly by our hemodialysis
nurses. Furthermore, since patients acted as their own controls and had the same
exposure to heparin although ACTs were not routinely done during the second phase,
selection bias was not considered. Likewise, although the open label nature of our study
could be subject to a potential bias favoring the monthly routine ACTs monitoring, our

study analysis indicated that the efficacy effects of monthly ACTs monitoring was likely
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not confounded by ascertainment bias since monitoring was not associated with better

outcomes.

Primary end points, specifically clotting events, were clearly defined and classified based
on visual inspections of the dialyzer and hemodialysis circuit lines, that were evaluated
routinely by the hemodialysis nurses during and at the end of each HD session and
recorded regularly in the patients’ electronic chart using our hospital computer
(MEDitech) system at the end of each HD session. Since nurses subjectively evaluated
and scored events prior to recording them, reporting bias could not be avoided
completely. However, since periodic education and encouragement to note and record
event accurately were done by Dr. Shamseddin with our hemodialysis nurses during the
study, we believe that the majority of events, including minor events, were diagnosed and
recorded in patients’ records. Moreover, the higher number of identified events that were
observed during the study compared with those recorded prior to the study, confirmed
that our developed protocol aided detection and recording the majority of events, reaching
the stated study power. Alternatively, bleeding events were much more difficult to define
and report, leaving a higher chance of missing data. A better definition of bleeding event
and data collection would be required for future larger randomized controlled trials in the
future. Furthermore, if our data are representative, in order to calculate sample size for

future potential trials, it should be noted that clotting events were three times as frequent
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as bleeding events, which is different from the assumption we made in planning this

study.

In conclusion, routine monthly ACT monitoring in adult chronic hemodialysis patients
was not associated with a reduction in clotting and bleeding events compared with

measuring ACTs only for initial dose assignment or in response to clinical indications.

Simultaneously, we believe that clotting and bleeding events in chronic hemodialysis
patients in general are under diagnosed and unreported sufficiently in hemodialysis units.
Defining those events clearly, noting and recording events as a part of a routine
assessment that has to be done and documented regularly in patients’ records, by the
hemodialysis nurses during and at the end of each hemodialysis sessions, and ongoing
education and encouragement of the hemodialysis nurses to observe, diagnose, and record

events are required to enhance patients’ care and management.

Furthermore, although routine monthly ACT monitoring did not reduce the incidence of
clotting and bleeding events in chronic adult hemodialysis patients, tailoring the best care
plan to manage those events and avoid furthers events should be discussed individually
with the local Nephrologist until multicenter randomized trials are available to confirm

and generalize our findings.
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Developing better objective definitions of clotting and bleeding events as well as more
practical recording systems and strict standardized heparin dose-adjusting protocols to be
used routinely by hemodialysis nurses as a part of routine intra- and postdialytic patient-
care assessment, have to precede before a future multicenter blinded randomized trial or a
large multicenter retrospective chart review study, to externally validate our findings in
order to improve generalizability and to reduce confounded physician response variability
and biases. Expecting an incident rate of bleeding events at 1:3 clotting events instead of
1:1 ratio has to be considered to calculate future sample size. Meanwhile, adopting our
invented hospital computer system to assess and record clotting events, including minor

events, should be practical until a better system is available.
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Appendix A: Heparin — Full Intensity Protocol

Appendix B: Heparin — Low Intensity Protocol
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Intensity or Heparin- Free Dialysis).
The decision about what level of heparinization to use in subsequent
dialysis sessions should be made in consultation with the
nephrologist.

Scope

Registered nurses working in Dialysis Units within Eastern Health
upon completion of Hemodialysis orientation

Purpose

To prevent or minimize clotting in the extracorpeal system, while also
maintaining an acceptable risk of bleeding.

Procedure

1. Assess for any bleeding or potential risk for bleeding.

2. Check patient's prescription for heparin if established
and verify that this is appropriate to current bleeding
risk. If so, follow this heparin prescription. Otherwise,
follow the appropnate low intensity/heparin-free
algorithm, either as ordered by the physician, or as
judged appropriate to the current bleeding risk (see low
intensity or heparin-free policy).

3. if bleeding risk is considered normal and there is not an
existing prescription for full intensity heparin, please ask
the responsible nephrologist for an appropriate initial
heparin prescription, and then follow the assessment
and dosing algornthm below.

4. If using the algorithm for the current dialysis session,
measure baseline ACT prior to heparin bolus. Please
see section B for further details.

5. Draw up bolus dose of heparin and attach to arteriat
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needle.

6. Instill bolus dose 3-5 minutes prior to initiation of dialysis
and once all dialysis needles have been successfully

placed.

7. Start continuous heparin infusion with initiation of
dialysis,

8. Heparin infusion rates are monitored, at least once per
hour, during the dialysis treatment as part of the normal
routine monitoring.

9. The extracorporeal circuit is assessed atthe same times
for any visible signs of fibrin/clot formation.

10. Discontinue infusion one hour prior to the
discontinuation of dialysis unless otherwise ordered.

11.  During the rinseback procedure the extracorporeal
circuit is assessed for any visible signs of ciotting/fibrin
formation.

12. Record hemostasis time in patient's chart and notify
nephrologist if prolonged.

Procedure for patients with hemodialysis catheters
Procedure is as above with the following exceptions:

a) Follow catheter opening policy for administration of
heparin bolus

b) Continue heparin infusion until discontinuation of
dialysis

Heparinization during dialysis for patients already receiving
heparin or low-molecular weight heparin IV or SC.

if the patient is receiving an IV unfractionated heparin infusion
or SC unfractionated heparin at therapeutic doses. no
additional heparin wili be required for dialysis. The protocol! for
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monitoring and adjusting the heparin as already ordered
should be followed.

if the patient is being treated with therapeutic doses of low-
molecular weight heparin (IV or SC}, no additional heparin will
be required for dialysis. The protocol for monitoring and
adjusting the low-molecular weight heparin as already ordered
shouid be followed.

if the patient is receiving low dose prophylactic unfractionated
or low-molecular weight heparin S/C, continue with the usual
dialysis heparin orders.

Section B: Determining the initial dose for full dose heparin
therapy (see Flowsheet).

1.

Measure the baseline ACT pre dialysis. When access
being used is a fistula or graft, draw the baseline sample
directly from the fistula needie prior to flushing the needie
with 0.9% NaCl. Normal range in uremic patients can be
68-132 seconds with a mean of 100 seconds.

1.5 to 2.0 times the patient’s baseline number provides an
ACT value range adequate for full intensity heparinization
for the majority of dialysis patients.

Administer the ordered bolus dose of heparin. However, if
the baseline ACT is greater than 150 further projongation
may be associated with bleeding and a bolus is not
necessary. Omit the initial bolus of heparin in this case.

. Turn on the hourly heparin infusion. If the baseline ACT is

greater than 150, reduce the hourly rate to 500-1,000 units.
15 minutes later, perform a 2™ ACT to determine the
patient's response to the heparin bolus dose. The target is
150-250 seconds. Re-bolus with 500 - 1,000 units of
heparin if the ACT is below the target range. If the ACT is >
300, reduce the infusion to 500 units per hour until the 60
minute ACT check.

At 60 minutes into the dialysis treatment take a 3rd ACT to
determine the effect of the hourly rate. The target ACT is
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150-250 seconds. Increase the hourly rate by 500- 1,000
units if the ACT is below the target range. Reduce the
hourly rate by 500- 1,000 units if the ACT is above the
target range. The hourly infusion rate will usually range
from 500 units to 3,000 units depending on the patients’
sensitivity to heparin,

7. At 120 minutes take a 4~ ACT. The target ACT is 150-250
seconds. The heparin dose may again be adjusted.
Increase the hourly rate by 500- 1,000 units if the ACT is
below the target range. Reduce the hourly rate by 500-
1.000 units if the ACT is above the target range.

8. Note the time heparin will be stopped pricr to the end of
dialysis {usually 60 minutes for fistulae and grafis, end of
dialysis session for catheters).

9. At 180 minutes into treatment, take a 5" ACT unless you
plan to stop heparin within the next 60 minutes. The target
ACT at this stage is 150-180 seconds (reflecting the bolus
wearing off and the anticipated end of dialysis session).
The heparin dose may again be adjusted. Increase the
hourly rate by 500- 1,000 units if the ACT is below the
target range. Reduce the hourly rate by 500- 1,000 units if
the ACT is above the target range.

10. if hemostasis time was prolonged after needle
removal in the last prior dialysis session or the system
clotted out following heparin discontinuation. prior to
discontinuing dialysis through either a fistula or AV graft on
this occasion, take a final ACT to determine the effect of
stopping the heparin infusion. The target ACT is 100-120
seconds.

1. Document the clearance of the dialyzer and drip
chambers. A reduced blood flow and/or multiple alarm
situations can affect the condition of the dialyzer.

12. Document the time for needie sites to stop bieeding.
Acceptable time is s 10 minutes.
13. In planning for second and subsequent dialyses

using this protocol, consider the adjustments that had to be
made during prior sessions in choosing the bolus and first
hourly infusion rate.

14, Complete at least 3 consecutive dialyses using this
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protocol to determine the best bolus dose, hourly rate and
stop time. If after 3 treatments, heparin dosage is still being
adjusted, continue to do ACT testing until at least 1
treatment is compieted without changing the heparin dose.
After that this protocol does not need to be followed uniess
clinical indications arise.
if clinical indications of problems arise (e.g. clots noted in dialyzer
or blood lines, or signs of bleeding) while the patient is being
treated with a previously established heparin dose, this protocol of
ACT checks and heparin dose adjustments should again be
followed while giving the patient's usual initial bolus and first
hourly heparin dose, to determine whether further adjustments
are now required.

Guideline

Normal intensity heparinization ACT range 150-250 sec
Low intensity heparinization ACT range 100-150 sec

Supporting Documents Rofronves. Inoustry Best Practice, Lugisiativn, vic)

Nephrology Nursing Standards of Practice and Guidelines for Care
ANNA

Contemporary Nephrology Nursing: Principles and Practice,
Second Editicn-American Nephrology Nurses' Association 2006

Linkages

ACT CLP-150,Heparin-Low Intensity CLP-180Heparin-free Dialysis
CLP-190,Changing Dialyzer/Bloodlines TBS-010

Key Words

ACT anticoagulation heparin system clotting
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APPENDIX B

Heparin Low Intensity Protocol
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Scope

Registered nurses working in Dialysis Units within Eastern Heaith

upon completion of Hemodialysis orientation

Purpose

To prevent or minimize clotting in the extracorporeal system, while

also maintaining an acceptable risk of bleeding.

Procedure

Procedure for patients with AV fistulas or grafts

1. Assess for any bleeding or potential risk for bleeding.

2. Check patient’s prescription for heparin if established
and verify that this is appropriate to current bleeding
risk. if not, assess whether low-intensity heparin will be
given as per this policy or heparin free dialysis is
required. Heparin free dialysis is indicated in the

following clinical situations:

+ Active pericarditis.
< Recent surgery with bieeding complications.

< Recent surgery after which bleeding would be very
dangerous such as vascular, cardiac, retinal, brain, and

renal transplant.

% Severe coagulopathy (e.g. INR > 4 or PTT > 70 secs).

» Severe thrombocytopenia (pits < 30).

% Intracerebral hemorrhage, or suspected increased risk of
intracerebral hemorrhage due to a recent head injury, or
severe hypertension {>200/115mmHg), especially with
patients exhibiting changes in neurclogical status.

< Any active bleeding not easily controlled prior to dialysis.

< Recent patient falls with associated hematomas.

«» For dialysis within 24 hours of a new AV graft insertion or
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revision, or insertion of a PD catheter.

% Dialysis within 4 hours of arterial puncture (e.g. for
angiography).

“ Known or suspected heparin induced thrombacytopenia

3.

10.

11.

Please consuit with the responsible nephrologist if there
is any concern or uncertainty about which heparin policy
to apply. If the decision is to provide heparin free
dialysis, please refer to the heparin free dialysis policy.
otherwise continue as below.

. if the patient already has an order for heparin intended

to achieve full intensity ACT targets, reduce the bolus
and infusion by 50%. If the patient does not have an
existing order for a dose of heparin intended to achieve
full intensity ACT targets. please ask the nephrologist to
praovide an initial order appropriate to low-intensity
heparinization.

if using the algorithm for the current dialysis session,
measure baseline ACT prior to heparin bolus. Please
see section B for further detaits.

Draw up bolus dose of heparin and attach to arterial
needle.

. Instill bolus dose following cannulation of both needles

3-5 minutes prior to initiation of dialysis.

Start continuous heparin infusion with initiation of
dialysis.

Heparin infusion rates are monitored, at least once per
hour, during the dialysis treatment as part of the normal
routine monitoring.

The extracorporeal circuit is assessed for any visible
signs of fibrin/clot formation.

Discontinue infusion one hour prior to the
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discontinuation of dialysis uniess otherwise ordered.

12, During the rinseback procedure the extracorporeal
circuit is assessed for any visible signs of clotting/fibrin
formation.

13. Record hemostasis time in patient's chart and notify
nephrologist if prolonged.

Procedure for patients with hemodialysis catheters
Procedure is as above with the foilowing exceptions:

a) Follow catheter opening policy for administration of
heparin bolus

b) Continue heparin infusion until discontinuation of
dialysis

Heparinization during dialysis for patients already receiving
heparin or low-molecuiar weight heparin IV or SC.

if the patient is receiving an IV unfractionated heparin infusion
or SC unfractionated heparin at therapeutic doses. no
additional heparin will be required for dialysis. The protoco! for
monitoring and adjusting the heparin as aiready ordered
shouid be followed.

if the patient is being treated with therapeutic doses of low-
molecuiar weight heparin (IV or SC). no additional heparin will
be required for dialysis. The protocol for monitoring and
adjusting the low-molecular weight heparin as already ordered
should be followed.

If the patient is receiving low dose prophyiactic unfractionated
or low-molecular weight heparin S/C, continue with the usual
dialysis heparin orders for iow-intensity heparinization.

Section B: Determining heparin requirements (see
Flowsheet)
1. Measure the baseline ACT pre dialysis. When access being



107

Eastern

licalth

POLICY NAME
“aGE bY

Appendix B

used is a fistula or graft, draw the baseline sample directly
from the fistula needle prior to flushing the needle with
0.9% NaCl. Normal range in uremic patients can be 68-132
seconds with a mean of 100 seconds.

. 1.0to 1.5 times the patient's baseline number provides an

ACT value range adequate for low intensity heparinization
for the majority of dialysis patients.

. Administer the ordered bolus dose of heparin. However, if

the baseline ACT is greater than 100 further prolongation
may be associated with bleeding and a bolus is not
necessary. Omit the initial bolus of heparin in this case.

. Yurn on the hourly heparin infusion. i the baseline ACT is

greater than 100, reduce the hourly rate to 300-500 units.

. 15 minutes later, perform a 2™ ACT to determine the

patient's response to the heparin bolus dose. This target
should be within 100-150 seconds. Re-bolus with 500 -
1,000 units of heparin if the ACT is below the target range.
if the ACT is > 200, reduce the infusion to 300 units per
hour untii the 60 minute ACT check.

. At 60 minutes into the dialysis treatment take a 3rd ACT to

determine the effect of the hourly rate. This target ACT
should be within 100-150 seconds. Increase the hourly rate
by 500- 1,000 units if the ACT is below the target range.
Reduce the hourly rate by 500- 1.000 units if the ACT is
above the target range. The hourly infusion rate wili usualiy
range from 300 units to 1,500 units depending on the
patients’ sensitivity to heparin and the heparin haif-life.

At 120 minutes take a 4™ ACT. The target ACT should be
100-150 seconds. The heparin dose may again be
adjusted. Increase the hourly rate by 500- 1,000 units if the
ACT is below the target range. Reduce the hourly rate by
500- 1,000 units if the ACT is above the target range.

. Note the time heparin will be stopped prior to the end of

dialysis (usually 60 minutes for fistulae and grafts, end of
dialysis session for catheters).

. At 180 minutes into treatment, take a 5" ACT uniess you

plan to stop heparin within the next 60 minutes. The target
ACT at this stage is 100-130 seconds (reflecting the bolus
wearing off and the anticipated end of dialysis session).
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The heparin dose may again be adjusted. Increase the
hourly rate by 500- 1,000 units if the ACT is below the
target range. Reduce the hourly rate by 500- 1,000 units if
the ACT is above the target range.

10. If hemostasis time was prolonged after needle
removal in the last prior dialysis session or the system
clotted out following heparin discontinuation, prior to
discontinuing dialysis through either a fistula or AV graft on
this occasion, take a final ACT to determine the effect of
stopping the heparin infusion. The target ACT is 100-120
secands.

1. Document the clearance of the dialyzer and drip
chambers. A reduced blood flow and/or multiple alarm
situations can affect the condition of the dialyzer.

12. Document the time for needle sites to stop bieeding.
Acceptable time is £ 10 minutes.
13, in planning for second and subsequent dialyses

using this protocol. consider the adjustments that had to be
made during prior sessions in choosing the bolus and first
hourly infusion rate.

14. Complete at least 3 consecutive dialyses using this
protocot to determine the best bolus dose, hourly rate and
stop time. if after 3 treatments, heparin dosage is still being
adjusted, continue to do ACT testing untit at least 1
treatment is completed without changing the heparin dose.
After that this protocol does not need to be followed uniess
clinical indications arse.

if clinical indications of probiems arise {e.qg. clots noted in dialyzer
or blood lines, or signs of bleeding) while the patient is being
treated with a previously established heparin dose, this protocol of
ACT checks and heparin dose adjustments should again be
followed while giving the patient's usual initial bolus and first
hourly heparin dose, to determine whether further adjustments
are now required

Guideline

Normal intensity heparinization ACT range 150-250 sec
Low intensity heparinization ACT range 100-150 sec















