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Interest in the use of percutaneous left ventricular assist devices (p-LVADs) for patients
undergoing high-risk percutaneous coronary intervention (PCI) is growing rapidly. The
Impella™ (Abiomed Inc.) is a catheter-based continuous micro-axial flow pump that
preserves haemodynamic support during high-risk PCI. Anticoagulation is required to
counteract the activation of the coagulation system by the patient’s procoagulant
state and the foreign-body surface of the pump. Excessive anticoagulation and the ef-
fect of dual antiplatelet therapy (DAPT) increase the risk of bleeding. Inadequate an-
ticoagulation leads to thrombus formation and device dysfunction. The precarious
balance between bleeding and thrombosis in patients with p-LVAD support is often
the primary reason that patients’ outcomes are jeopardized. In this chapter, we will
discuss anticoagulation strategies and anticoagulant management in the setting of
protected PCI. This includes anticoagulant therapy with unfractionated heparin, dir-
ect thrombin inhibitors, DAPT, purge blockage prevention by bicarbonate-based purge
solution, and monitoring by activated clotting time, partial thromboplastin time, as
well as anti-factor Xa levels. Here, we provide a standardized approach to the manage-
ment of peri-interventional anticoagulation in patients undergoing protected PCI.
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Central Illustration

Algorithm for Unfractionated Heparin Monitoring in Impella™

Supported PCI

| A 25 units/mL of UFH in D5W as the initial purge solution is suggested

¥

Standard practice in the Cath lab during protected PCl is to measure the ACT*

» evaluate the baseline ACT.

» ACT control 3-5 minutes after UFH administration.

» ACT > 250 seconds prior to removing the dilatator from the peel-away introducer.
¥ ACT control at 30-minute intervals.

Prolonged Impella™ support - ICU |l

If Impella™ support is still required after the procedure
» Anti-Xa based heparin titration (every 4-6 hours ) with APTT in parallel.
» Target anti-Xa levels between 0.3-0.5 IU/mL and APTT < 80 seconds.
» If Presence of acute thrombosis 0.5-0.7 IU/mL.
» APTT Levels 40-80 seconds if anti-Xa is not available 24h/7days.

™

Algorithm for unfractionated heparin monitoring in Impella . Supported PCI. *If available, the use of APTT/anti-Xa point of care devices is recommended.
UFH, unfractionated heparin; PCI, percutaneous coronary intervention; ACT, activated clotting time; ICU, intensive care unit; APTT, activated partial pro-

thromboplastin time.

Introduction

Micro-axial flow pump support during protected percu-
taneous coronary intervention (PCl) carries both advan-
tages and risks.! Anticoagulation, aimed at finding the
optimal trade-off between thrombotic and bleeding
complications, is among the most critical risk modulators
(Table 1). In this perspective, acute limb thromboembol-
ism and bleeding requiring transfusion accounted for
27.6% and 21.8% of the vascular complications observed
in a real-world analysis of more than 30,000 cases trea-
ted with percutaneous left ventricular assist devices
(p-LVADs)." The rate of vascular and bleeding complica-
tions was significantly lower in prospective cohort stud-
ies following standardized protocols and less potent
antithrombotic strategies.'* While inadequate anticoa-
gulation carries a high risk for the patient,* none of these
studies investigated anticoagulation management in de-
tail. Therefore, meticulous (anti)coagulation manage-
ment during protected PCl is the key in reducing
procedure associated complications in this critically ill
patient group.

This chapter summarizes current evidence and pro-
vides a rational and pragmatic approach to this crucial
aspect of p-LVAD support.

Bleeding, thrombotic complications, and
haemolysis during protected percutaneous
coronary intervention

Bleeding and vascular complications are frequent with
short-term mechanical circulatory support and increase
mortality. Impella™ (Abiomed Inc.) is a catheter-based
continuous micro-axial flow pump that drains blood
from the ventricle and expels it into the ascending aorta
or pulmonary artery. Anticoagulation, usually with intra-
venous (IV) unfractionated heparin (UFH), is required to
counteract the activation of the coagulation system by
the shear stress and the foreign-body surface of the
pump. In more detail, Impella™'-devices require anticoa-
gulation to prevent purge blockage, which may result in
severe haemolysis and pump failure and thrombus for-
mation, which may result in systemic thromboembolism.
In order to prevent thrombus formation inside the pump,
the Impella™ technology relies on a purge solution that
runs opposite to blood flow, preventing blood from en-
tering the Impella™ motor. The pump bearings are add-
itionally protected by either heparinization or addition
of low-dose sodium bicarbonate to the purge. On the
other hand, to prevent thrombus formation on the
catheter surface, a target level of systemic anticoagu-
lation should be achieved® (Figure 14). Inadequate an-
ticoagulation leads to thrombus formation and device
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Table 1 The role of antithrombotic therapy on
percutaneous left ventricular assist devices

The role of antithrombotic therapy in p-LVAD

« Prevent fibrin deposition and clotting activation on
foreign-body surfaces.

o Prevent platelet adherence and aggregation to
foreign-body surfaces (localized intravascular
coagulation).

» Prevent device failure/dysfunction.

» Minimize shear stress-induced haemolysis of the device
or Impella™—purge failure.

» Prevent stent and catheter thrombosis during/after
(acute) PCI.

» Counterbalance the procoagulant state of the critically
ill patient (sepsis, venous thromboembolism, atrial
fibrillation, ...).

dysfunction (Figure 1B). Conversely, excessive antic-
oagulation and the effect of dual antiplatelet therapy
(DAPT) increase the risk of bleeding (Figure 1C).
Moreover, the shear stress and the continuous flow
may lead to proteolysis of the high molecular weight
von Willebrand factor® resulting in an acquired von
Willebrand syndrome (AVWS) within 24 h of starting
the p-LVAD® further aggravating the bleeding risk®
(Figure 1A). Most studies investigated bleeding risk fo-
cused on Impella™ support during cardiogenic shock
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(CS).*7° A recent meta-analysis of 17 observational
retrospective studies, including 3933 patients with CS
on p-LVAD support, reported a major bleeding rate of
15.2% (defined as BARC >2, TIMI Major, or GUSTO se-
vere bleeding). Bleeding is associated with prolonged
inotropic and ventilatory support and increases the
risk of death.>'® Non-modifiable risk factors asso-
ciated with increased p-LVAD-related vascular compli-
cations and major bleeding include older age, female
gender, obesity, previous hypertension, and peripheral
arterial disease.®'" As one or more of these factors is
often present in patients with p-LVAD, standardized
peri- and post-interventional management of anticoa-
gulation is essential/critical.

Another important complication during p-LVAD support
is the occurrence of haemolysis (Figure 1A). Haemolysis
may occur more frequently if the Impella™ cannot be re-
moved within the first 72 h and is frequently caused by
high-shear stress environments around the device, which
can be enhanced by suboptimal position of the pump and
low volume in the ventricle leading to suction. While it
may occur immediately after pump activation, ‘seeking’
the right intraventricular pump position can often re-
solve the issue. Severe haemolysis not only causes (se-
vere) kidney damage, but also increased vascular
resistance and creates a prothrombotic state of the pa-
tient.> Although its incidence has decreased over time
due to technical improvements, it is still observed in
5-63% of cases with significant variations possibly related

(A) Haemostasis/unfractionated heparin is monitored via parallel measurements of activated partial thromboplastin time/anti-factor Xa.

Thrombosis is measured indirectly via D-dimer levels (product of fibrinolysis). Shear stress-induced acquired von Willebrand factor is measured via von
Willebrand factor antigen and functional von Willebrand testing. Haemolysis is measured via plasma-free haemoglobin levels® and/or bilirubin.
(B) Thrombus formation in the blood inlet area of the Impella® devices. (C) Forrest 1b haemorrhage of the jejunum in a patient with Impella™ Support
(>72 h) and excessive anticoagulation, as typically seen in the acquired von Willebrand syndrome. vWF, von Willebrand Factor; pfHb, plasma-free

haemoglobin.
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to differences in device management.>'> Haemolysis is
defined by a recent consensus document in patients on
p-LVAD as a plasma-free haemoglobin (pfHb) concentra-
tion >20 mg/dL or a serum LDH level >2.5 times the nor-
mal upper range after more than 72 h post-insertion.> '3
Therefore, if prolonged p-LVAD support after protected
PCl is necessary, it is recommended to measure LDH le-
vels daily with the integration of pfHb according to local
availability.” In case of haemolysis, p-LVAD positioning
should immediately be checked with bedside echocardi-
ography, and stringent pfHb/LDH follow-up is required.
In most cases, haemolysis can be resolved by pump repo-
sitioning, lowering the pump output or cardiac preload
optimization."® However, if pump repositioning and car-
diac preload optimization fail to resolve the problem,
this may suggest pump thrombosis and pump exchange
and/or plasmapheresis could be the only solutions.>

Anticoagulant strategies in patients
undergoing protected percutaneous
coronary intervention

Anticoagulation during p-LVAD-supported protected PCI
may present with several challenges, including concomi-
tant DAPT, access site complications, urgent procedures,
heparin-induced-thrombocytopaenia (HIT) and in rare
cases UFH allergy. While anticoagulation is most com-
monly pursued with UFH,'? some centres favour IV direct
thrombin inhibitors (DTls, e.g. bivalirudin or argatroban)
because of their shorter half-life and safety in case
of HIT.>%"> Recent data suggest that the use of a
bicarbonate-based purge solution (BBPS) is an alterna-
tive to heparin in Impella™ purge fluid to prevent purge
blockage.'¢18

The role of the purge solution and
anticoagulation with unfractionated heparin

In order to prevent blood from penetrating inside the
motor pump, the device automatically sets and adjusts
the purge flow rate (2-30 mL/h) to achieve a purge pres-
sure of 300-1100 mmHg. A 25-50 units/mL of UFH in D5W
as the initial purge solution is suggested.'® Due to the
automatic adjustments of purge flow rate, which the op-
erator cannot directly modify, patients are exposed to a
variable hourly dose of purge flow and thus UFH.
However, as previously stated, Impella™ devices require
anticoagulation not only to prevent thrombus formation
inside the motor pump, but also on the catheter surface
in critically ill patients that are already in a prothrombo-
tic state. Heparinized purge solution may be sufficient to
achieve systemic anticoagulation goals alone. However,
when systemic anticoagulation goals are not achieved
with heparinized purge solution, simultaneous systemic
administration of IV UFH is required.2°

When the systemic effect of anticoagulation is exces-
sive even after cessation of IV UFH or in patients who
have lower anticoagulation needs (i.e. patients with a
lower body surface area, coagulation disorders), a simple

countermeasure is to reduce the heparin concentration in
the purge solution (e.g. from 50 to 25 Ul/mL). Amore ela-
borated alternative is to increase the glucose concentra-
tion of the purge solution up to 20-40%. In fact, the higher
viscosity of the solution allows achievement of the target
purge pressure with lower purge flow rates, resulting in
lower UFH dose administration>'®"2" and increased risk
of purge obstruction. Further, increasing purge solution
viscosity might be considered when a purge pressure of
at least 300 mmHg cannot be achieved, but the conse-
quences on UFH dose administration should be carefully
weighted. In case of prolonged Impella™ support after
protected PCl the purge rate should be frequently
checked because significant changes in flow rate (and
thus UFH administration) may occur.’

In case of HIT, a parenteral DTI (bivalirudin, argatroban)
is the first choice. A survey conducted at 182 centres in
the USA showed that 25% of the centres use a pure dex-
trose purge solution in case of HITand 58% add argatroban
or bivalirudin to the purge solution.?? However, robust evi-
dence to support use of a DTI in this setting is lack-
ing'>2>24 and it might even be detrimental.'®?42°

Running Impella™ devices without anticoagulation in
the purge solution are not recommended and should be
considered off-label use. However, BBPS has been pro-
posed in a study using benchtop and animal models as
an alternative to a heparin-based purge solution for main-
taining pump purge performance.'® This was confirmed in
a study of 316 patients using BBPS [25 mEq in 1 L 5% dex-
trose in water (D5W)] as purge solution. The maximum
duration of p-LVAD support using this strategy was 40
days and the purge pressure and flow remained stable
while on BBPS." These data suggest that BBPS may
replace current purge solutions, simplify systemic antic-
oagulation management, support heparin-intolerant pa-
tients, and represent a bailout strategy in uncontrolled
bleeding in critically ill."”'®

Periprocedural anticoagulation monitoring
during protected percutaneous coronary
intervention

The coagulation system in critically ill patients on
p-LVAD-support is complex and no one UFH monitoring
test will give the physician the right answer.2® Currently,
there are no prospective randomized controlled trials
available comparing anticoagulation strategies based
on activated clotting time (ACT), partial thromboplastin
time (APTT), and anti-factor Xa level (anti-Xa levels) in
patients on micro-axial flow pump support (Central
Illustration). Standard practice in the cathlab during
protected PCl is to measure the ACT because of its fast
and bedside availability and because ACT is useful to
evaluate the effect of an UFH-bolus. However, the feasi-
bility of APTT and anti-Xa bedside point-of-care devices
should be urgently explored in the cathlab setting. It is
recommended to evaluate the baseline ACT prior to
starting UFH infusion. However, the response to anticoa-
gulation with UFH is highly variable, especially in critic-
ally ill patients.>? It is recommended to keep the ACT
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>250s prior to removing the dilatator from the peel-
away introducer. This will help prevent thrombus forma-
tion in the Impella catheter, causing an early pump
failure.2%28 |f the patient is receiving a GP Ilb-Illa inhibi-
tor, ACTshould be 200 s or above before the dilatator can
be removed.?° The authors recommend achieving an ACT
of 250 s during coronary intervention. If p-LVAD support is
still required after the procedure anti-factor Xa level
(anti-Xa) and/or activated partial thromboplastin time
(APTT) should be used to monitor anticoagulation
in p-LVAD-supported patients (Central Illustration).
Currently, no general recommendations are available
for APTT goals. Recent data suggest that an APTT of 55-
80 may be sufficient to prevent thromboembolic
events.'®2%33 or even lower.> In a pilot analysis, low-
dose heparin (APTT 40-60 s or anti-Xa 0.2-0.3) was shown
to be associated with less bleeding without more ischae-
mic events in 114 LV Impella™ patients with CS.3*

Several factors may influence APTT in response to UFH
administration. These include fibrinogen or antithrombin
depletion caused by acute inflammation, factor VIl
depletion caused by AVWS, or liver failure and factor
XI/XIl depletion caused by plastic surface adherence.’
Anti-Xa measurement has the advantage of not being
influenced by these factors. In a large cohort of hospita-
lized patients treated with UFH, patients with high
APTT as compared with anti-Xa values appeared to be
at increased risk of adverse outcomes, even associated
with  increased 30-day mortality.> Therefore,
Vandenbriele et al.®> recommend an anti-Xa guided UFH
dosing protocol to control the thrombotic risk with paral-
lel APTT-measurements to lower the bleeding risk in
p-LVAD-supported critically ill patients. Target anti-Xa
levels should be between 0.3 and 0.5 IU/mL. In case of
an acute thrombosis, escalation to 0.5-0.7 IU/mL should
be considered.’ If anti-Xa is not available 24/7, it should
be performed at least once daily.

Due to the various patient-related factors influencing
the UFH effect and need for UFH and the different com-
mercially available ACT/APTT tests, a general recom-
mendation regarding dosage and dose adjustment is
complex. This must be individually tailored on the pa-
tient and disease profile. These findings further confirm
the importance of multidisciplinary team approach
between (interventional) cardiologist, intensivist, hae-
matologists, and the coagulation lab. Here, local stan-
dards should be developed.

Formula for initial calculation of
unfractionated heparin infusion rate

In order to perform the dose adjustments required to
achieve the desired levels of anticoagulation, it is essen-
tial to account for the Impella™-delivered UFH dose,
which is listed in the ‘infusion history’ screen of the con-
troller. The total UFH dose administered to the patient is
the sum of the UFH dose delivered through the purge
fluid and the IV UFH dose.

An ease-of-use approach for calculating the initial UFH

dose is reported by Vandenbriele et al.’

For example: purge rate calculation assumes pump use
of 25 U/mL UFH for a patient weighing 75 kg and a purge
rate of 20 mL/h:

« If the protocol specifies use of heparin 10 U/kg/h to
maintain an acceptable anticoagulation goal the
total UFH concentration would be calculated as:
10 U/kg/hx 75 kg=750 U/h. The maximum value
of 1800 U/h should not be exceeded.

e Purge rate: 20 mL/h (25 U/mL): 20 mL/hx 25 U/mL
=500 U/h.

« Systemic (IV) UFH rate=total UFH - purge UFH=
750 U/h—500 U/h=250 U/h of IV UFH.

Anticoagulation with direct thrombin
inhibitors

Unfractionated heparin has a highly negative ionic
charge and plays a significant role in protecting the purge
gaps; non-heparin anticoagulants lacking ionic charge
should generally be avoided in the purge solution.'®
Although successful use of DTl has been described in
case series, there is evidence that low purge flows with
rising purge pressure, pump failure, and/or thrombosis
with DTI-based purge solutions can occur. '>16-22:25,36-38
Therefore, BBPS (25 mEq per 1000 mL in 5% of dextrose;
same highly negative charge as UFH) may be preferred in
scenarios when a heparin-based purge solution is not
feasible, or HIT is present.3° Here, the additional IV ad-
ministration of a DTl is recommended. Initial IV dosage
of argatroban is left to the decision of the physician
and local standard operating procedures. In a small
case series, Blum et al.?® describe that an APTT 1.5-3
times the baseline seems to be safe.

Bivalirudin can also be used for IV anticoagulation in pa-
tients with HIT.?23¢:3° The recommended dose of bivaliru-
din for patients undergoing PCl is an IV bolus of 0.75 mg/kg
body weight followed immediately by an IV infusion of
1.75 mg/kg body weight/h.“C As there are no dose recom-
mendations regarding anticoagulation with bivalirudin
and the use of Impella™, we recommend starting with
the above dosage and adjusting the dose (APTT 50-80 s3¢).

Dual antiplatelet therapy in patients
undergoing protected percutaneous
coronary intervention

Dual antiplatelet therapy, consisting of aspirin and a
P2Y4,-receptor inhibitor, is the cornerstone treatment
for patients undergoing elective PCI.“* However, due to
the increased risk of bleeding and access side complica-
tions, there are several things to keep in mind in the con-
text of protected PCI. For elective PCl in stable coronary
artery disease the P2Y, inhibitor clopidogrel is recom-
mended. The guidelines recommend a pre-treatment
with clopidogrel (600 mg loading dose) in addition to as-
pirin before elective stenting.*’ This recommendation
should also be considered for protected PCl due to the con-
comitant need of therapeutic anticoagulation therapy. In
patients on a maintenance dose of 75 mg clopidogrel, a
new loading dose of 600 mg is at the discretion of the
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interventional cardiologist and should be chosen based on
the risk-benefit ratio (bleeding risk vs. coronary
ischaemia).

In the setting of an acute coronary syndrome (ACS),
the more potent oral P2Y,,-receptor inhibitors ticagrelor
and prasugrel have both been shown to be more effective
than clopidogrel.*""*? In case of protected PCI without
ACS prasugrel or ticagrelor may only be considered in se-
lected patients for specific high-risk situations of elect-
ive stenting (e.g. complex left main PCl) or in patients
with a history of stent thrombosis on clopidogrel treat-
ment.“? However, based on the results of the ACCOAST
trial, prasugrel should not be used upfront in patients
with unknown coronary anatomy.** Because the antipla-
telet effect of oral P2Y,,-receptor inhibitors may be de-
layed in patients in CS (slower absorption, slower
metabolism), crushing ticagrelor or prasugrel tablets
may result in more rapid absorption of the drug and
more rapid and potent antiplatelet activity compared
with whole-tablet ingestion.>**

Furthermore, the use of cangrelor may be discussed in
individual cases. Cangrelor is a directly reversible (recov-
ery of platelet function within ~ 60 min) and short-acting
(half-life of 3-6 min) P2Y+, inhibitor.“° The administration
of cangrelor is recommended by a bolus of 30 mg/kg i.v.
followed by 4 mg/kg/min infusion for at least 2 h or dur-
ation of procedure, whichever is longer.*° The use of an IV
antiplatelet agent offers several advantages, including
rapid onset of action, rapid return of platelet function
after discontinuation, and ease of administration.’
However, data in the context of protected PCl or bleeding
risk are lacking. After the acute phase, cangrelor can be
switched to ticagrelor because they act at different sites
on the ADP receptor.’

Management of bleeding complication in
patients on left ventricular assist device

Bleeding at the access site is frequent and should initially
be treated with light compression and optimization of the
fixation (adapting the device skin level with an underlying
gauze) and stitching the incision of the sheath. Checking
the distal pulse is mandatory to detect ischaemia at an
early stage.® Furthermore, bleeding from the ear, nose,
and throat area can frequently occur. However, prevent-
ive measures (e.g. avoidance of nasogastric tubes) and lo-
cal measures (tranexamic acid-/diluted adrenalin-soaked
gauze; intranasal balloon occlusion) can often resolve the
problem. Lowering the anticoagulation level should only
be considered if the initial local bleeding control
therapies fail. If uncontrollable and life-threatening
bleeding occurs, stopping UFH should be considered.
Unfractionated heparin infusion stop should be as short
as possible to prevent complications such as device
thrombosis, purge blockage or peripheral embolism. To
avoid device thrombosis the pump speed should be maxi-
mized.’ In addition, purge solution might be changed to
bicarbonate solutions, as described above. If restarting
anticoagulation is not an option, the possibility of early
p-LVAD weaning should be considered.>

Conclusions

A standardized approach to the management of peri-
interventional anticoagulation is essential. In most
cases, anticoagulation is performed with UFH. In case
of HIT use of a BBPS is an alternative to heparin in
Impella™ purge fluid and systemic therapy with DTI
should be considered. Anticoagulation should be ad-
justed on the basis of ACT in the cath lab or APTT/
anti-Xa point of care devices if available. An anti-Xa
guided UFH-protocol with APTT-measurements in paral-
lel should be foreseen in case of prolonged Impella™ sup-
port. The frequent (re)calculation of the total UFH dose
(systemic + purge solution) as well as the body weight-
adapted dose adjustment is highly recommended.
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