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Abstract

End-stage heart failure is the final stage of heart disease. Patients with end-stage heart failure receive much attention due to their often
critical condition. Due to the shortage of donors for heart transplantation, left ventricular assist devices (LVADs) have become an im-
portant treatment method to replace the heart’s pumping function. Post-operative bleeding and embolism are among the most common
complications after LVAD implantation, seriously threatening the recovery and survival of patients. This article systematically classifies
the risk factors of bleeding and embolism into either patient-related, LVAD-related, or exogenous. It analyzes the pathogenic differ-
ences of adverse events across different device types,exploring the treatment and prevention of gastrointestinal bleeding, stroke, and
pump thrombosis. This article highlights the importance of adjusting anticoagulation regimens, endoscopic interventions, and imaging
examinations, as well as preoperative optimization of high-risk patients and management of special clinical scenarios. The development
ofthird-generation fully magnetically levitated LVADs make it possible to provide more flexible and precise anticoagulation regimens in
clinical practice. Based on the use of unfractionated heparin for bridging in the early postoperative period and long-term administration
of warfarin, treatment plans should be adjusted according to different clinical situations to increase the time in therapeutic range and the
application of new anticoagulant drugs should be explored to improve the prognosis of LVAD patients, optimizing the anticoagulation
strategy in this cohort.
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1. Introduction

Heart failure, as the end-stage of heart disease, attracts
significant attention due to its severe prognosis. In China,
approximately 8.9 million adults aged ≥35 years have heart
failure, with a prevalence of 1.3% [1]. Heart transplanta-
tion remains the most effective treatment, but donor short-
age, immune rejection, and matching limitations restrict its
application to only a minority of patients. Left ventric-
ular assist devices (LVADs) have thus become a critical
intervention. With technological evolution from pulsatile
to continuous-flow devices, and then to third-generation
fully magnetically levitated centrifugal devices, the inci-
dence of adverse events such as device failure and throm-
boembolism has been significantly reduced, but bleeding
and embolism remain the most common and fatal compli-
cations after LVAD implantation. Postoperative bleeding
and embolism are major challenges, with gastrointestinal
bleeding affecting 5%–30% of patients [2] and stroke oc-
curring in 6.7%–29.7% [3], both severely impacting out-
comes. Identifying risk factors and strengthening preven-
tive measures are therefore essential for improving patient
prognosis. This article reviews perioperative risk factors,
treatment strategies, and current anticoagulation protocols

for bleeding and embolism after LVAD implantation, with a
systematic analysis of the latest domestic and international
guidelines, device-specific differences, and management of
special clinical scenarios.

2. Common Risk Factors for Postoperative
Bleeding and Embolism

The main causes of postoperative bleeding and em-
bolism can be categorized into patient-related factors,
LVAD-related factors, and exogenous factors, which influ-
ence intensive care unit stay, hospital stay, recovery quality,
reoperation rate, and mortality. For example, reoperation
for hemostasis occurs in 30% of adult LVAD patients and
in up to 50% of pediatric patients [4]. Pump thrombosis and
ischemic stroke, as severe embolism-related complications,
carry a mortality rate of 50% [4]. Bleeding and thrombosis
events are rarely caused by a single factor, but mostly by
the synergistic effect of multi-dimensional factors. For ex-
ample, the combination of preoperative liver dysfunction
(patient-related), high shear stress of the device (LVAD-
related), and excessive anticoagulation (exogenous) will
significantly amplify the risk of fatal bleeding.
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2.1 Preoperative Risk Factors (Patient-Related Core
Factors)

Advanced Age: Older age is a predictor of LVAD
outcomes. Compared with younger patients, those ≥75
years exhibit increased gastrointestinal bleeding rates but
lower device thrombosis rates after LVAD implantation [5].
Advanced age is also associated with higher stroke inci-
dence, lower survival, and greater risk of sequelae, though
some studies suggest age <65 years may increase hemor-
rhagic stroke risk [6]. Mechanisms may include increased
blood viscosity, vascular structural changes, coagulation-
fibrinolysis disorders, prior antithrombotic use, altered
blood flow patterns, and reduced vascular adaptability. De-
spite these risks, advanced age is not currently an exclusion
criterion for LVAD implantation.

Gender: Female sex is an independent risk fac-
tor for postoperative bleeding. INTERMACS database
analysis (2012–2017) of continuous-flow LVAD recipients
showed higher intracranial and non-gastrointestinal/non-
CNS bleeding risks in females after covariate adjustment,
though no clear association with gastrointestinal bleeding
was found [7].

Atrial Fibrillation (AF): Preoperative AF, a common
arrhythmia, increases postoperative embolism risk, particu-
larly affecting long-term cerebrovascular outcomes, though
overall long-term survival is not significantly reduced [8].
Thrombogenesis is linked to hemodynamic changes, and
left atrial appendage closure (LAAC)may reduce embolism
risk. Computer simulation studies have verified the poten-
tial of LAAC in reducing thromboembolic events in LVAD
patients [9], and a real-world retrospective study including
310 patients further confirmed that concomitant LAAC dur-
ing LVAD surgery can significantly reduce the incidence of
ischemic cerebrovascular accidents without increasing peri-
operative mortality and complications, and it is an indepen-
dent protective factor for reducing postoperative ischemic
stroke (HR 0.38, 95% CI 0.15–0.97, p = 0.043) [10]. Anti-
coagulation decisions can be guided by CHA2DS2-VASc
(embolism risk) and HAS-BLED (bleeding risk) scores,
with anticoagulation strongly recommended for patients
with hypertrophic cardiomyopathy [11].

Malignancy: The relationship between cancer and
LVAD-related embolism is complex. Tumor cells trigger
coagulation, promoting thrombosis, while vascular changes
(e.g., aneurysms, venous abnormalities) and anticancer
therapies increase bleeding risk. Solid tumors are asso-
ciated with higher mortality, major bleeding, and pump
thrombosis [12].

Liver and kidney dysfunction: Liver and kidney dys-
function increases the propensity for bleeding and em-
bolism after LVAD implantation. Studies demonstrate that
chronic liver disease patients exhibit higher rates of ma-
jor bleeding, platelet transfusions, and subarachnoid hem-
orrhage post-LVAD surgery, though with a lower risk of is-
chemic stroke [13]. Potential mechanisms include: ¬ re-

duced synthesis of coagulation factors and abnormal vita-
min K metabolism in hepatic insufficiency, impairing vi-
tamin K-dependent coagulation factor production and in-
hibiting platelet function via metabolic toxins; ­ throm-
bopoietin abnormalities leading to platelet count reduction;
® accumulation of toxic substances (e.g., elevated homo-
cysteine) directly damaging vascular endothelium and dis-
rupting vasoactive substance balance, causing vasomotor
dysfunction and heightened bleeding risk. Consequently,
LVAD implantation contraindications include TBIL >3
mg/dL, cirrhosis, or a Model for End-Stage Liver Dis-
ease (MELD) score >17 [11]. Additionally, renal dys-
function may impair drug metabolism or coagulation fac-
tor activation, increasing bleeding risk and necessitating
early postoperative renal replacement therapy, thus render-
ing long-term renal replacement therapy a contraindication
for LVAD [11].

Diabetes: As a common preoperative comorbidity, a
unified consensus has not been reached in current literature
regarding the impact of diabetes on postoperative adverse
events. Crugnola et al. [14] found that it had no signifi-
cant effect on postoperative gastrointestinal bleeding, but
the composite endpoint incidence of all thromboembolic
events was higher in the diabetes group. Additionally, reti-
nal evaluation should be performed in diabetic patients be-
fore surgery to avoid retinal hemorrhage caused by postop-
erative anticoagulation [15].

Hematological disorders: Patients with hematologi-
cal disorders significantly increase the risk of postoperative
bleeding and embolism. Studies indicate that such patients
have a high risk of bleeding, thrombosis, and neurologi-
cal events during device support, leading to early mortality,
with a two-year survival rate of only 49% [16]. It is rec-
ommended that postoperative anticoagulation strategies be
adjusted under the guidance of hematology specialists.

Other preoperative clinical risk factors: Some patients
with dilated cardiomyopathy have preoperative right-sided
heart failure, which is associated with postoperative gas-
trointestinal bleeding [17]. Peripheral arterial disease, left
ventricular noncompaction, a history of stroke, and nutri-
tional status are also risk factors for postoperative adverse
events. Obese patients (BMI ≥35kg/m2) have a higher in-
cidence of postoperative thrombosis, while patients with
BMI <25kg/m2 have significantly increased risks of bleed-
ing and surgical failure [11,15]. Preoperative circulatory
support, especially ECMO, depletes coagulation factors
and platelets. Additionally, central venous pressure <12
mmHg, pulmonary artery wedge pressure <18 mmHg, and
cardiac index >2.2 L/min/m2 may reduce the impact of
blood compatibility adverse events [18].

2.1.1 Preoperative Optimization for High-Risk Patients

Management of non-warfarin-related elevated inter-
national normalized ratio (INR): Preoperative elevated INR
unrelated to warfarin is mostly caused by liver dysfunction,
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vitamin K deficiency, severe malnutrition, or consumptive
coagulopathy, which is an independent risk factor for post-
operative fatal bleeding [11]. For such patients, systematic
etiological assessment should be performed before surgery,
including liver function grading, nutritional risk screening,
and coagulation factor spectrum detection. Targeted opti-
mization includes vitamin K supplementation (10 mg/day
for 3–5 days for vitamin K deficiency), enteral/parenteral
nutritional support for malnourished patients, liver func-
tion protection and coagulation factor correction for pa-
tients with liver insufficiency. The Chinese Expert Con-
sensus on Pre-operative Evaluation of LVAD Candidates
(2023) clearly states that persistent unexplained elevated
INR is a relative contraindication for LVAD implantation,
and surgery should be performed only after coagulation
function is effectively corrected [11].

2.1.2 Control of Right Intracardiac Filling Pressures

Sustained elevation of right atrial pressure (RAP) is
a core risk factor for postoperative gastrointestinal bleed-
ing, stroke, and right-sided heart failure [19]. Preoperative
optimization should aim to control RAP <12 mmHg, with
strategies including optimized diuretic therapy, inotropic
support (dobutamine, milrinone), pulmonary vasodilators
(sildenafil, treprostinil), and preoperative temporary me-
chanical circulatory support (e.g., Impella, ECMO) for pa-
tients with refractory right heart failure. Intraoperative and
postoperative maintenance of RAP <16 mmHg can signifi-
cantly reduce the incidence of adverse blood compatibility
events, as recommended by the Chinese Expert Consensus
on Early Intensive Care Management After LVAD Implan-
tation (2024) [20].

2.2 Intraoperative Risk Factors (Surgical and Technical
Factors)

In cardiac surgery, the rational use of heparin and an-
tifibrinolytic drugs is crucial for controlling the risk of post-
operative bleeding and embolism. It is essential to precisely
manage the dosage and timing of these medications to bal-
ance anticoagulation during extracorporeal circulation with
postoperative hemostasis, thereby reducing the risk of post-
operative complications. Extracorporeal circulation is gen-
erally initiated when the activated clotting time (ACT) ex-
ceeds 480 seconds. Notably, recent studies have suggested
that thromboelastography may not accurately predict the
risk of major postoperative bleeding [21].

The placement of inflow and outflow vessels affects
hemodynamics, and improper placement can lead to blood
flow stagnation or turbulence. Expert consensus recom-
mends that the inflow vessel should be aligned with the mi-
tral orifice and parallel to the interventricular septum, while
the outflow vessel should be cut into a 45-degree bevel and
anastomosed to the midpoint of the anterolateral wall of the
ascending aorta, approximately 2 cm above the sinotubular
junction [22]. Improper spatial relationship between the in-

flow cannula and the mitral orifice is a core technical risk
factor for inflow cannula obstruction and pump thrombosis,
which is detailed in Section 2.3.

The vast majority of LVAD implantations are per-
formed on a beating heart under cardiopulmonary by-
pass without aortic cross-clamping, and thus do not cause
global myocardial ischemia-reperfusion injury [22]. Lo-
cal ischemia-reperfusion injury may only occur in a small
number of cases where aortic cross-clamping is required
(e.g., concurrent coronary artery bypass grafting, aortic
valve surgery, or mitral valve intervention). In this sce-
nario, during the ischemic phase, tissue energy metabolism
is dominated by anaerobic glycolysis, leading to intracel-
lular ATP depletion, ion pump dysfunction, and cellular
edema; meanwhile, local accumulation of acidic metabo-
lites causes vascular endothelial injury and basement mem-
brane exposure, activating the intrinsic coagulation path-
way. During reperfusion, massive production of oxygen-
free radicals attacks vascular endothelium, increases vas-
cular permeability, oxidizes platelet membrane glycopro-
teins, and alters their function. Additionally, this induces
an inflammatory response, promoting inflammatory cell in-
filtration and releasing proteolytic enzymes, further damag-
ing the vascular wall. These combined factors increase the
risk of postoperative bleeding. For cases requiring aortic
cross-clamping, standardized myocardial protection strate-
gies (cold blood cardioplegia) are essential to reduce my-
ocardial and endothelial injury; for conventional beating-
heart LVAD implantation, the core of intraoperative man-
agement is hemodynamic stability and coagulation function
protection, rather than global myocardial protection.

Inadequate myocardial protection measures (for cases
requiring aortic cross-clamping) and prolonged extracor-
poreal circulation time increase the risk of postoperative
bleeding, while the method of intraoperative blood salvage
may affect the patient’s coagulation function. Incomplete
surgical suturing and vascular anastomosis are common hu-
man factors contributing to postoperative bleeding. Park et
al. [23] proposed using 5-0 prolene sutures to anastomose
the outflow graft to the aorta to reduce early pinhole bleed-
ing, and decompressing the left ventricle before suturing the
inflow cannula adapter to the left ventricular apex can also
reduce the risk of postoperative bleeding.

2.3 Postoperative Risk Factors (LVAD-Related and
Exogenous Factors)

After LVAD implantation, preventing thrombosis is
critical, but the dosages of anticoagulants and antiplatelet
drugs (such as warfarin, heparin, and aspirin) must be pre-
cisely controlled. Inadequate dosing can easily trigger em-
bolism, obstruct blood flow, and endanger life, while exces-
sive dosing can cause bleeding and affect prognosis. This
is the core exogenous factor leading to bleeding and throm-
bosis events.
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Mean arterial pressure (MAP) is a key factor in patient
prognosis. Studies have shown that MAP <90 mmHg can
reduce the risk of ischemic and hemorrhagic stroke. Com-
pared with systolic blood pressure <100 mmHg, patients
with systolic blood pressure >100 mmHg have a higher
risk of stroke, with a 19% increased stroke risk for every
5 mmHg increase in systolic blood pressure [24]. How-
ever, a long-term MAP <75 mmHg also increases the risk
of stroke, and the recommended postoperative MAP target
for LVAD patients is 70–90 mmHg [20].

Advanced right-sided heart failure increases the risk
of blood compatibility adverse events. Despite LVAD opti-
mization, patients with high RAP have a lower rate of free-
dom from gastrointestinal bleeding (GIB) and stroke within
1 year. Low MAP (<70 mmHg), narrow pulse pressure
(<35 mmHg), and RAP >16 mmHg are all associated with
increased GIB risk. A significant decline in RAPwaveform
is also linked to higher incidences of GIB and stroke. Poten-
tial mechanisms for increased GIB risk in right ventricular
dysfunction after LVAD implantation include: ¬ elevated
venous pressure causing intestinal mucosal congestion; ­

hepatic congestion with associated coagulopathy;® intesti-
nal hypoxia increasing the risk of arteriovenous malforma-
tions [19].

Stress, a common postoperative condition, contributes
to bleeding and embolism through multiple mechanisms.
In terms of bleeding, stress enhances the inflammatory re-
sponse, inhibits platelet production, increases platelet de-
struction, and releases hormones that disrupt platelet func-
tion. It also impairs hepatic synthesis of coagulation fac-
tors and causes imbalances in the coagulation-fibrinolysis
system, leading to consumption of coagulation factors. Re-
garding embolism, stress activates the neuroendocrine sys-
tem and inflammatory responses, triggering coagulation
factors and platelet activation to induce hypercoagulability.
Concurrently, sympathetic nerve excitation slows blood
flow, while LVAD alters blood flow patterns to form eddy
currents. Deposition of inflammatory mediators and im-
mune complexes damages the vascular endothelium, pro-
moting thrombus formation.

The high shear stress generated by LVAD operation is
the core LVAD-related factor leading to coagulation dys-
function. In recent years, studies have shown that the re-
duction of three platelet receptors (GPIbα, P-selectin, and
PECAM-1) and the increase in intracellular reactive oxygen
species in platelets may play a role in postoperative bleed-
ing patients with LVAD, helping to explain the high inci-
dence of spontaneous bleeding during LVAD support [25].

Postoperatively, some patients develop acquired von
Willebrand syndrome (AVWS), characterized by reduced
von Willebrand factor (VWF), which may be associated
with mechanical shear stress injury, inflammatory re-
sponses, and other factors. Changes in VWF activity have a
strong predictive role for postoperative blood compatibility
adverse events. Early postoperative ratios of VWF:Act/Ag

and VWF:CB/Ag ≤0.7 can serve as biomarkers for blood
compatibility adverse events during long-term LVAD sup-
port [26]. Hennessy-Strahs et al. [27] developed a bleed-
ing risk score based on the severity of VWF multimer loss
and VWF coagulation function, which has a high predictive
value for LVAD-related bleeding.

Postoperative requirements for continuous transfusion
of >4 units of packed red blood cells, unstable hemoglobin
levels, and persistent elevation of lactate dehydrogenase
(LDH) >500 IU/L indicate a bleeding risk [4]. Szymanski
et al. [28] suggested that gastrointestinal bleeding may be
associated with an increased risk of ischemic stroke. Peri-
operative red blood cell transfusion is also an independent
exogenous risk factor for both bleeding and thrombosis, as
it can induce an inflammatory response, platelet dysfunc-
tion, and allogeneic immune reaction, further disrupting the
coagulation-fibrinolysis balance.

2.4 Device Type-Related Differences in Bleeding and
Thrombosis Pathogenesis and Incidence

Device type is a core determinant of the incidence and
pathogenesis of bleeding and thrombosis events, with sig-
nificant differences across three generations of LVADs, as
supported by the INTERMACS and EUROMACS registry
data [2,3,29]. Table 1 summarizes the differences in patho-
genesis and incidence of bleeding and thrombosis among
different generations of LVADs.

First-generation pulsatile LVADs (e.g., HeartMate
XVE): These devices mimic the physiological pulsatile
flow of the native heart, with large-volume displacement
and high mechanical wear. Clinical data show that pul-
satile LVADs have a significantly higher incidence of stroke
(12%–35% at 1 year), thromboembolic events, and device
failure (20%–30% at 2 years), while the incidence of gas-
trointestinal bleeding is significantly lower (3%–10%) [29].
The pathogenesis of thromboembolism is mainly related to
the highmechanical wear of the device, poor biocompatibil-
ity of the contact surface, and blood flow stagnation in the
pump cavity; the low bleeding risk is due to the low shear
stress in the pump cavity, which rarely causes AVWS and
platelet receptor degradation. Due to the high incidence of
adverse events, pulsatile LVADs have been essentially re-
placed by continuous-flow devices in clinical practice.

Second-generation axial continuous-flow LVADs
(e.g., HeartMate II): These devices have a compact design
with a high-speed axial rotor, which significantly reduces
device failure rate (5%–8% at 2 years) and thromboembolic
events (pump thrombosis incidence 6%–10% at 1 year)
compared with pulsatile devices [3]. However, the inci-
dence of gastrointestinal bleeding is significantly increased
to 15%–30% [2]. The core pathogenesis is the continuous
high shear stress generated by the high-speed rotor, which
causes degradation of VWF high-molecular-weight multi-
mers, leading to AVWS, and down-regulation of platelet
receptors, resulting in platelet dysfunction. Meanwhile,
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Table 1. Differences in pathogenesis and incidence of bleeding and thrombosis among different generations of LVADs.
Device type Technical char-

acteristic
1-year stroke
incidence

2-year pump
thrombosis
incidence

Gastrointestinal
bleeding inci-
dence

Core pathogenesis of adverse
events

Recommended
INR target

1st-generation
pulsatile LVAD
(HeartMate
XVE)

Pulsatile flow,
large displace-
ment, high
mechanical
wear

12%–35% 20%–30% 3%–10% High mechanical wear, poor
biocompatibility, pump cavity
blood stasis; low shear stress
rarely causes AVWS

2.5–3.5

2nd-generation
continuous
axial-flow
LVAD (Heart-
Mate II)

High-speed ax-
ial rotor, narrow
flow gap

10%–20% 6%–10% 15%–30% High shear stress induces
AVWS and platelet dysfunc-
tion; narrow flow gap increases
flow stasis

2.0–3.0

3rd-generation
centrifugal fully
maglev LVAD
(HeartMate 3)

Maglev rotor,
wide flow gap,
artificial pulse
design

6.7%–12% <2% 8%–18% Optimized hemodynamics re-
duces peak shear stress and
AVWS incidence; no mechani-
cal wear and flow stasis

1.7–2.3 (high
bleeding risk);
2.0–2.5 (con-
ventional)

LVADs, left ventricular assist devices; INR, international normalized ratio; AVWS, acquired von Willebrand syndrome.

the narrow flow gap of the axial rotor increases the risk of
flow stagnation and pump thrombosis.

Third-generation centrifugal fully magnetically levi-
tated LVADs (e.g., HeartMate 3): These devices are the
current international mainstream, with a magnetically levi-
tated rotor, wide flow gap, and artificial pulse design. Clin-
ical data show that the pump thrombosis incidence is <2%
at 2 years, and the 1-year stroke incidence is reduced to
6.7%–12% [30]. The incidence of gastrointestinal bleed-
ing is also lower than that of axial flow devices, at 8%–
18% [2]. The optimized hemodynamic design reduces the
peak shear stress in the pump cavity, thereby reducing the
incidence of AVWS and platelet dysfunction; the wide flow
gap andmagnetically levitated design eliminate mechanical
wear and flow stagnation, significantly reducing the risk of
pump thrombosis.

Correspondingly, the anticoagulation strategies for
different device types are also significantly different: pul-
satile LVADs require higher anticoagulation intensity (INR
target 2.5–3.5) due to high thromboembolic risk; axial flow
LVADs require a balance between bleeding and thrombosis
risk, with a conventional INR target of 2.0–3.0; centrifu-
gal fully magnetically levitated LVADs can adopt a more
flexible low-intensity anticoagulation strategy, with an INR
target of 1.7–2.3 for bleeding high-risk patients, as recom-
mended by the International Society for Heart and Lung
Transplantation (ISHLT) 2024 consensus [31].

2.5 Perioperative Risk Factors in Special Clinical
Scenarios

The risk of bleeding and thrombosis after LVAD im-
plantation varies significantly in special clinical scenar-
ios, and targeted management is required to reduce adverse
events, as detailed below:

2.5.1 Patients With Previous Coronary Artery Bypass
Grafting (CABG) or Valve Surgery

Previous cardiac surgery leads to extensive mediasti-
nal and pericardial adhesions, which significantly increase
the risk of intraoperative bleeding, surgical injury, and pro-
longed cardiopulmonary bypass time, thereby increasing
the incidence of postoperative bleeding and thromboem-
bolism. For such patients, preoperative evaluation of adhe-
sion severity with chest CT is recommended, and intraop-
erative use of antifibrinolytic drugs and blood salvage tech-
nology should be strengthened to reduce coagulation factor
depletion.

2.5.2 Patients With Preoperatively Severe Right
Ventricular Failure

Severe right-sided heart failure not only increases the
risk of postoperative gastrointestinal bleeding and stroke,
but also is the leading cause of early postoperative death
[19]. For patients with RAP >16 mmHg that is refractory
to medical therapy, preoperative temporary mechanical cir-
culatory support (e.g., Impella, right-sided ECMO) is rec-
ommended to optimize right-sided heart function and re-
duce the risk of postoperative adverse events. Periopera-
tive maintenance of right-sided heart function and control
of right-sided filling pressure are the core of management.

2.5.3 LVAD Replacement Surgery Due to Pump
Dysfunction

Reoperation for pump replacement has a significantly
higher risk of bleeding and pump thrombosis [32]. The
main mechanisms include adhesion-related surgical injury,
coagulation factor depletion during reoperation, and pre-
existing hypercoagulable state caused by pump thrombosis.
For such patients, preoperative anticoagulation bridging
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strategy should be strictly formulated, and intraoperative
hemostasis and coagulation function management should
be strengthened.

2.5.4 Minimally Invasive LVAD Implantation (e.g., Left
Thoracotomy, Subcostal Approach)

Compared with median sternotomy, minimally inva-
sive surgery significantly reduces surgical trauma and in-
traoperative bleeding, with a lower incidence of postop-
erative major bleeding [33]. However, the limited surgi-
cal field may increase the risk of improper cannula place-
ment, thereby increasing the risk of pump thrombosis. For
minimally invasive surgery, intraoperative transesophageal
echocardiography (TEE) is essential to monitor the position
of the inflow cannula and ensure correct placement.

2.5.5 Concurrent Valvular Procedures During LVAD
Implantation

Concurrent aortic valve surgery increases the com-
plexity of the operation, prolongs the cardiopulmonary by-
pass time, and increases the risk of postoperative bleeding
[34]. For patients undergoing concurrent valve surgery, the
anticoagulation intensity should be appropriately adjusted
according to the valve procedure, and the balance between
bleeding and thrombosis risk should be strictly monitored.

2.5.6 Temporary Mechanical Circulatory Support (MCS)
as a Bridge to Durable LVAD

Preoperative ECMO or Impella support leads to mas-
sive depletion of coagulation factors and platelets, endothe-
lial injury, and inflammatory response, which significantly
increase the risk of postoperative bleeding and thrombo-
sis. For such patients, preoperative correction of coagula-
tion function, reduction of the inflammatory response, and
optimization of MCS parameters are essential to reduce pe-
rioperative adverse events.

2.5.7 LVAD as a Bridge to Heart Transplantation
For patients waiting for heart transplantation, the an-

ticoagulation strategy needs to balance the risk of throm-
boembolism during LVAD support and the risk of periop-
erative bleeding during transplantation [35]. The ISHLT
guideline recommends that the INR target should be main-
tained at 1.5–2.0 in the near term before transplantation,
and anticoagulation should be reversed in a timely man-
ner during the operation to reduce the risk of intraoperative
bleeding. After transplantation, the anticoagulation strat-
egy should be adjusted according to the cardiac function
and coagulation status of the patient.

Table 2 summarizes the multidimensional risk factors
for bleeding and thromboembolic events after LVAD im-
plantation.

3. Treatment Strategies for Postoperative
Bleeding and Embolism

Postoperative bleeding and embolism after LVAD im-
plantation significantly affect patient prognosis, with gas-
trointestinal bleeding and stroke being particularly com-
mon. Gastrointestinal bleeding is mostly caused by anti-
coagulant therapy, necessitating timely adjustment of anti-
coagulation strategies and endoscopic intervention; stroke
may be caused by thromboembolism or hemorrhagic stroke,
requiring corresponding emergencymanagement according
to its type. Pump thrombosis is a fatal thromboembolic
complication with a high mortality rate, requiring standard-
ized graded management. This article briefly discusses the
management strategies for gastrointestinal bleeding, stroke,
and pump thrombosis after LVAD surgery to provide clini-
cal guidance.

3.1 Postoperative Bleeding Management Strategies

Bleeding most commonly occurs in the upper gas-
trointestinal tract, particularly in the stomach and duode-
num, with small intestinal arteriovenous malformations ac-
counting for 29–44% of gastrointestinal bleeding [36]. For
mild bleeding, antithrombotic drugs can be adjusted or dis-
continued, while closely monitoring the patient’s condi-
tion, device parameters, and laboratory markers. Upon the
first occurrence of bleeding, a gastroenterology consulta-
tion should be initiated, and proton pump inhibitors should
be administered to protect the gastrointestinal mucosa. If
bleeding persists, anticoagulation therapy must be reversed
[36], and endoscopymay be necessary to identify the bleed-
ing site and achieve hemostasis. After controlling the bleed-
ing, the anticoagulation regimen should be reassessed, and
the INR target range should be lowered according to the de-
vice type and patient’s bleeding risk. For refractory bleed-
ing, recombinant coagulation factor VIIa or VWF con-
centrate infusions may be considered, and repeated endo-
scopic evaluations are recommended, especially when pre-
vious treatment targets have been identified [36]. Medica-
tions such as octreotide, angiotensin-converting enzyme in-
hibitors, angiotensin II receptor blockers, and thalidomide,
which reduce gastrointestinal bleeding, can be used. When
hemoglobin is <80g/L, red blood cell transfusion may be
considered. Desmopressin and antifibrinolytic drugs are
effective for patients with platelet dysfunction or hyper-
fibrinolysis without increasing the risk of pump thrombo-
sis [20]. Antiangiogenic therapies with intravenous beva-
cizumab or low-dose oral pazopanib have also shown ben-
efit in LVAD-related gastrointestinal bleeding patients [37].

3.2 Management Strategies for Ischemic and Hemorrhagic
Stroke

The management of ischemic stroke includes imme-
diate assessment of neurological function, suspension of
anticoagulant medications, and imaging examinations for
definitive diagnosis. For patients with acute ischemic
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Table 2. Summary of multidimensional risk factors for bleeding and thromboembolic events after LVAD implantation.
Risk factor cate-
gory

Specific items Core risk impact

Patient-related
factors

Advanced age, female sex, atrial fibrillation, malignancy, liver and kidney dysfunc-
tion, diabetes mellitus, hematological disorders, preoperative right-sided heart fail-
ure, malnutrition, prior stroke, etc.

Increase baseline bleed-
ing/thrombosis tendency, af-
fecting long-term prognosis

LVAD-related
factors

Device type (pulsatile/axial flow/centrifugal maglev), high shear stress, improper
inflow/outflow cannula placement, pump dysfunction, etc.

Induces coagulation dysfunction,
pump thrombosis, and hemody-
namic disorders

Exogenous fac-
tors

Perioperative anticoagulation/antiplatelet therapy, prolonged cardiopulmonary by-
pass time, perioperative red blood cell transfusion, surgical operation factors, post-
operative stress, etc.

Disrupts coagulation-fibrinolysis
balance, increases perioperative
bleeding risk

Special clinical
scenarios

Previous cardiac surgery, severe preoperative right-sided heart failure, LVAD re-
placement surgery, minimally invasive implantation, concurrent valvular proce-
dures, pre-MCS bridge, bridge to heart transplantation.

Amplifies bleeding/thrombosis
risk, requiring targeted manage-
ment strategies

MCS, mechanical circulatory support.

stroke, device parameters should be monitored to rule out
pump thrombosis. Intravenous thrombolysis should be con-
sidered for those with an onset time <4.5 hours and no con-
traindications, but the bleeding risk must be evaluated [38].
Ischemic stroke patients who are ineligible for systemic
thrombolysis within 24 hours of symptom onset should un-
dergo urgent CT angiography and be considered for me-
chanical thrombectomy [36]. In the later stage, the inten-
sity of anticoagulation should be reassessed, with adjust-
ment of the INR target range or transition to low-molecular-
weight heparin. For patients with recurrent embolism, com-
bined antiplatelet therapy may be considered, while balanc-
ing the bleeding risk. For hemorrhagic stroke, anticoagu-
lants should be discontinued immediately, with reversal of
the anticoagulation effect (target INR <1.4) [39], and con-
trol of intracranial pressure and blood pressure. After the
condition is stable, the restart time and intensity of antico-
agulation should be evaluated according to the hematoma
absorption, device type, and thromboembolic risk of the pa-
tient, as recommended by the Neurocritical Care Society
guideline [39].

3.3 Management of Pump Thrombosis

Pump thrombosis is defined as thrombus formation in
the inflow cannula, pump cavity, or outflow graft of LVAD,
with an overall incidence of 2%–10% after LVAD implan-
tation. Notably, the incidence of right ventricular assist de-
vice (RVAD) thrombosis is 2–3 times higher than that of
LVAD, which is related to the lower flow rate of the right
circulation, the complex anatomical structure of the right
heart, and the higher coagulation activity of the systemic
venous system [31].

3.3.1 Technical and Clinical Evaluation of Pump
Thrombosis

Influencing factors: ¬ Anatomical and technical fac-
tors: small left ventricular cavity size, improper alignment

between the inflow cannula and the mitral orifice, contact
between the inflow cannula and the ventricular wall or mi-
tral valve apparatus, the presence of intracardiac thrombi or
dense myocardial trabeculations, and anastomotic stenosis
of the outflow graft [22,31];­ Patient-related factors: inad-
equate anticoagulation (Time in Therapeutic Range (TTR)
<65%), previous gastrointestinal or cerebral bleeding lead-
ing to reduced anticoagulation intensity, driveline infection
or systemic infection, hypercoagulable state, and hemato-
logical disorders [4,31]; ® Device-related factors: axial
flow devices have a higher thrombosis risk than centrifugal
fully magnetically levitated devices, and pump dysfunction
caused by mechanical failure increases the thrombosis risk
[29].

Diagnostic evaluation system: ¬ Device parameter
monitoring: persistent increases in pump power consump-
tion, abnormal flow waveform, and reduced pulsatility are
early signs of pump thrombosis; ­ Laboratory examina-
tion: persistent elevation of LDH >2 times the upper limit
of normal, accompanied by decreased hemoglobin and hap-
toglobin, is a core biomarker of pump thrombosis; ® Imag-
ing evaluation: TEE is the first-line examination, which
can directly evaluate the position of the inflow cannula, the
movement of the rotor, and the presence of thrombus in the
pump cavity; cardiac CT angiography can evaluate the pa-
tency of the outflow graft and the presence of peripheral
thromboembolism [31].

3.3.2 Graded Treatment Strategies

According to the ISHLT 2024 consensus, pump
thrombosis is divided into three grades, with corresponding
treatment strategies [31]: Table 3 summarizes the graded
diagnosis and treatment strategies for LVAD-related pump
thrombosis based on the ISHLT 2024 consensus.

• Grade 1 (suspected thrombosis): abnormal device
parameters or elevated LDH, no clear thrombus on imag-
ing. Treatment: optimize anticoagulation therapy, maintain

7

https://www.imrpress.com


Table 3. Graded diagnosis and treatment strategies for LVAD-related pump thrombosis (based on ISHLT 2024 consensus).
Thrombosis
grade

Core diagnostic criteria First-line treatment strategies Key monitoring indi-
cators

Grade 1 (sus-
pected)

Abnormal device parameters (elevated power con-
sumption, abnormal flowwaveform) OR persistent
LDH elevation; no clear thrombus on imaging

Optimize anticoagulation: unfractionated hep-
arin to maintain APTT 50–80 s

LDH level, device
power consumption,
flow waveform, TEE

Grade 2 (con-
firmed, no
hemodynamic
compromise)

Clear thrombus confirmed by imaging; stable de-
vice function and hemodynamics; no organ hypop-
erfusion

Low bleeding risk: intravenous thrombolysis
(alteplase); High bleeding risk: intensified an-
ticoagulation + antiplatelet therapy

Thrombus volume
change, LDH, hemo-
dynamic status,
bleeding signs

Grade 3 (se-
vere, with
hemodynamic
compromise)

Pump flow obstruction, cardiogenic shock, OR re-
current peripheral thromboembolism

Emergency surgical pump replacement; throm-
bolysis as bridging therapy for inoperable pa-
tients

Hemodynamic pa-
rameters, device
function, end-organ
perfusion

ISHLT, International Society for Heart and Lung Transplantation; LDH, lactate dehydrogenase; APTT, activated partial thromboplastin time;
TEE, transesophageal echocardiography; OR, no specific definition.

activated partial thromboplastin time (APTT) 50–80 s with
unfractionated heparin, and closely monitor LDH, device
parameters, and imaging changes.

• Grade 2 (confirmed thrombosis without hemody-
namic compromise): clear thrombus on imaging, stable
device function and hemodynamics; no organ hypoperfu-
sion. Treatment: for patients with low bleeding risk, in-
travenous thrombolysis (alteplase) can be considered; for
patients with high bleeding risk, intensify anticoagulation
and antiplatelet therapy, and closely monitor disease pro-
gression.

• Grade 3 (severe thrombosis with hemodynamic com-
promise): pump flow obstruction, cardiogenic shock, or
recurrent peripheral thromboembolism. Treatment: emer-
gency surgical pump replacement is the first-line treatment;
for patients who cannot tolerate surgery, thrombolysis can
be used as a bridging treatment.

For RVAD thrombosis, the diagnostic and treatment
principles are the same as LVAD thrombosis, but the antico-
agulation intensity should be appropriately increased, and
the threshold for surgical intervention should be lower due
to the faster progression of RVAD thrombosis.

4. Current Status of Anticoagulation
Strategies

The third-generation fully magnetically levitated
LVAD has become the international mainstream, featur-
ing minimal surgical trauma, high durability, and excellent
blood compatibility. Its magnetically levitated rotor and op-
timized hemodynamic structure have reduced the formation
of pump thrombosis to a certain extent. To make its antico-
agulation strategy more flexible and precise, it is necessary
to formulate and adjust it individually according to the pa-
tient’s intraoperative conditions and clinical status, as well
as the device type.

According to different signs of postoperative active
bleeding, anticoagulation strategies can be appropriately

adjusted. If there is no active bleeding postoperatively, the
hematocrit is stable, and the total drainage volume from
the drainage tube is less than 40 mL within 3 hours, intra-
venous infusion of ordinary heparin can be used as a bridg-
ing anticoagulation regimen [22]. The target for APTT on
the postoperative day is 40 seconds; if there are no signs
of bleeding, APTT should be maintained at 40–60 seconds
within 48–72 hours, and adjusted to approximately 50–60
seconds (not exceeding 80 seconds) after 2–3 days. Hep-
arin should be discontinued after the INR reaches the target
for 24 hours, and long-term oral warfarin anticoagulation
should be initiated according to gastrointestinal function
[20]. For patients with heparin-induced thrombocytopenia
(HIT), fondaparinux can be used as a reasonable bridging
agent [31]. According to the ISHLT 2024 consensus, for
patients with HIT and high thrombosis risk, bivalirudin can
also be used as an alternative bridging anticoagulant [31].
Table 4 summarizes the recommended standard anticoag-
ulation strategies for the postoperative period after LVAD
implantation.

Internationally, for patients without special condi-
tions, INR is generally controlled at 2.0–3.0, with a typi-
cal starting dose of 2.5 mg or determined based on warfarin
genotype. For different device types, the INR target should
be adjusted: for axial flow LVADs, the conventional INR
target is 2.0–3.0; for patients with centrifugal fully mag-
netically levitated LVADs (e.g., HM3 pump) at bleeding
risk, the recommended INR range is 1.7–2.3 [31]. Studies
have evaluated the feasibility of low-intensity anticoagula-
tion after HM3 implantation, showing no increased risk of
embolism events [31]. Some research has confirmed that
with combined antiplatelet therapy, the INR range for fully
magnetically levitated LVADs can be reduced to 1.8–2.5
[40,41].

Postoperatively, platelets should be closely monitored
to maintain levels above 50 × 109/L and detect heparin-
induced thrombocytopenia. When platelet counts exceed
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Table 4. Recommended standard anticoagulation strategies for LVAD postoperative period.
Postoperative
stage

Core anticoagulation regimen Key monitoring indicators & target
values

Special population/Device adjustment princi-
ples

Early postoper-
ative period (no
active bleeding)

Unfractionated heparin intravenous
infusion as bridging therapy

APTT: 40 s on postoperative day 1;
40–60 s within 48–72 h; 50–60 s
(max 80 s) after 3 days

HIT patients: switch to fondaparinux or bi-
valirudin

Transition to
oral anticoagu-
lation

Discontinue heparin when INR
reaches target and maintains for 24
h; initiate warfarin oral therapy

INR: reach device-specific target;
TTR ≥65%

Axial flow LVAD: INR target 2.0–3.0; Cen-
trifugal maglev LVAD (high bleeding risk):
INR target 1.7–2.3

Long-term
maintenance
phase

Warfarin as first-line agent; com-
bined with aspirin in conventional
population

INR: maintain stable target range;
platelet count >50 × 109/L; LDH
level

Bridge to heart transplantation: INR target
1.5–2.0 before surgery; recurrent thrombosis:
adjust anticoagulation intensity

Stable follow-
up phase

Regular monitoring of coagulation
function, device parameters and
hematological indicators

INR testing: at least once a week in
the first 3 months; once every 2–4
weeks in stable phase

Aspirin can be reduced or discontinued in pa-
tients with repeated bleeding events (based on
bleeding risk assessment)

HIT, heparin-induced thrombocytopenia; TTR, time in therapeutic range.

100 × 109/L, daily 100 mg aspirin combined with war-
farin is recommended for antithrombotic therapy. In recent
years, studies have shown that HM3 pump patients who
discontinue aspirin have reduced bleeding risk without in-
creased embolism risk [42]. However, no consensus has
been reached on aspirin discontinuation, and more clinical
evidence is needed. Most current guidelines still recom-
mend aspirin for follow-up treatment, with dose reduction
or discontinuation for patients with bleeding signs. Dual an-
tiplatelet therapy is not recommended unless there is a clear
risk of thrombosis, a history of prior pump thrombosis, or
recent coronary revascularization [31].

TTR is a critical factor in postoperative adverse events
- the higher the TTR, the better the prognosis. Studies show
that age and distance to the hospital are positively corre-
lated with TTR, while female gender, type 2 diabetes, and
prior warfarin use are negatively correlated [43]. A TTR
≥65% is recommended, with point-of-care testing [20], and
testing frequency potentially being key factors in reducing
blood compatibility adverse events [44]. The Chinese Ex-
pert Consensus (2024) recommends that the INR testing fre-
quency should be at least once a week in the first 3 months
after surgery, and once every 2–4 weeks in the stable phase,
to maintain TTR ≥65% [20].

Although some studies suggest novel anticoagulants
have better outcomes than warfarin, they lack sufficient
clinical trials and multicenter research, and thus are not rec-
ommended as first-line agents. The latest DOAC LVAD
study shows that apixaban has good safety and efficacy
in patients with fully magnetically levitated LVADs, but
large-sample multicenter randomized controlled trials are
still needed to confirm its long-term safety [45]. Currently,
warfarin is still the first-line anticoagulant recommended by
all domestic and international guidelines for LVAD patients
[11,20,31].

5. Summary and Outlook
After LVAD implantation, a reasonable anticoagula-

tion strategy is particularly important for preventing bleed-
ing and embolism. Although the use of HM3 has effec-
tively reduced the incidence of postoperative complica-
tions and progress has been made in optimizing LVAD an-
ticoagulation strategies, there is still room for further im-
provement. This review systematically analyzes the multi-
dimensional risk factors (patient-related, LVAD-related, ex-
ogenous) of bleeding and thrombosis after LVAD implan-
tation, elaborates the differences in pathogenesis and man-
agement across different device types, discusses the man-
agement of special clinical scenarios, and integrates the lat-
est recommendations of domestic and international guide-
lines, which provides a systematic reference for clinical
practice.

Identifying and assessing risk factors before, dur-
ing, and after surgery can effectively reduce the incidence
of adverse events. Meanwhile, anticoagulation strategies
should be further adjusted according to intraoperative con-
ditions and patients’ clinical indicators, device type, and
special clinical scenarios, to achieve individualized man-
agement. Future research directions should include: (1) de-
veloping individualized anticoagulation regimens by com-
bining genetic characteristics, clinical phenotypes, and de-
vice properties; (2) exploring the safety of new anticoag-
ulants through large-sample multicenter randomized con-
trolled trials; (3) optimizing postoperative monitoring and
early intervention protocols for bleeding, thrombosis, and
pump thrombosis; (4) improving LVAD design to enhance
device blood compatibility and reduce shear stress-induced
coagulation dysfunction. With the deepening of research
and technological breakthroughs, the treatment protocols
for LVAD patients will develop towards a safer, more ef-
ficient and individualized direction.
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