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ABSTRACT

Gastrointestinal bleeding is a known complication among individuals with left ventricular support machines,
also known as left ventricular assist devices (LVADs). LVADs are mechanical pumps that are used to support the
pumping function of the heart in individuals with severe heart failure. To shield patients from thromboembolic
intricacies, require anticoagulation (AC) with warfarin and insect platelet treatment. AC or anti-platelet
medication is frequently reduced or discontinued in these individuals to address gastrointestinal bleeding
(Gl), a serious side effect. The likelihood of thromboembolic (TE) events later in LVAD therapy could be
affected by changes to AC that are made to control Gl bleeding. Provided continuous-flow LVADs to 389
patients, including 308 men, the typical age at implant was 60 years of age. The results were looked at
to see if there was a link between Gl bleeding and later TEs, which were either suspected or confirmed to
be hemolytic, stroke, transient ischemic attack, or pump thrombosis. Using time-dependent variables, the
relationships between Gl bleeding, subsequent TEs, and mortality were investigated. There were 199 Gl
draining occasions in 116 of 389 patients, or 0,45 Gl drains each quiet year of care. 97 of the 389 patients
experienced 128 TE events, or 25 % of the total, for a rate of 0,31 TE events per patient-year of assistance.
This suggests that a decrease in anticoagulation and anti-platelet therapy for the treatment of Gl bleeds
could increase this risk, despite the fact that the exact cause of this association is unknown.

Keywords: Gastrointestinal Bleeding; Thromboembolic; Anti-Coagulation; Co-Morbidities, Left Ventricular
Assist Devices.

RESUMEN

La hemorragia gastrointestinal es una complicacion conocida entre las personas con maquinas de asistencia
ventricular izquierda, también conocidas como dispositivos de asistencia ventricular izquierda (DAVI). Los
DAVI son bombas mecanicas que se utilizan para apoyar la funcion de bombeo del corazén en individuos con
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insuficiencia cardiaca grave. Para proteger a los pacientes de los intringulis tromboembodlicos, requieren
anticoagulacion (AC) con warfarina y tratamiento antiagregante plaquetario. La AC o la medicacion
antiagregante plaquetaria se reduce o interrumpe con frecuencia en estos individuos para hacer frente a
las hemorragias gastrointestinales (Gl), un efecto secundario grave. La probabilidad de que se produzcan
episodios tromboembdlicos (TE) mas adelante en el tratamiento con DAVI podria verse afectada por los
cambios de AC que se realizan para controlar la hemorragia Gl. Proporcionaron DAVI de flujo continuo
a 389 pacientes, 308 de ellos varones; la edad tipica en el momento del implante era de 60 afos. Se
analizaron los resultados para ver si existia una relacion entre la hemorragia digestiva y los TE posteriores,
que se sospechaba o se confirmé que eran hemoliticos, ictus, accidente isquémico transitorio o trombosis
de la bomba. Utilizando variables dependientes del tiempo, se investigaron las relaciones entre hemorragia
digestiva, TE posteriores y mortalidad. Hubo 199 ocasiones de drenaje Gl en 116 de 389 pacientes, o 0,45
drenajes Gl cada ano tranquilo de atencion. 97 de los 389 pacientes experimentaron 128 eventos de TE,
o el 25 % del total, para una tasa de 0,31 eventos de TE por paciente-ano de asistencia. Esto sugiere que
una disminucion del tratamiento anticoagulante y antiagregante plaquetario para el tratamiento de las
hemorragias digestivas podria aumentar este riesgo, a pesar de que se desconoce la causa exacta de esta
asociacion.

Palabras clave: Hemorragia Gastrointestinal; Tromboemboélica; Anticoagulacion; Comorbilidades, Dispositivos
de Asistencia Ventricular Izquierda.

INTRODUCTION

Assessment of the risk factors for any given ailment or result necessitates a thorough assessment of all
relevant variables that have been discovered via academic research and clinical practice. Despite the fact that
could provide broad advice, it’s crucial to speak with a healthcare provider for a complete and personalized
evaluation of risk factors based on the particular condition of concern. Obtain the person’s complete medical
history, which should include any past diagnoses, treatments, and information on any pre-existing illnesses.
™ Examine lifestyle elements that could affect risk, such as smoking, drinking, nutrition, levels of physical
activity, and environmental exposure. Assessing these variables could reveal risk factors that can be changed
and then addressed with treatments.? Investigate the person’s family history since certain diseases could
have a hereditary component. Finding hereditary risk factors could be aided by evaluating the existence of
family instances or genetic predispositions.® Consider demographic parameters including age, gender, race/
ethnicity, and socioeconomic position since they could have an impact on a person’s risk for developing an
illness or experiencing a certain result® Behavioral and psychological aspects consider stress, mental health
issues, coping techniques, and compliance with medical advice as behavioral and psychological factors that
could increase the risk.® Biomarkers and diagnostic tests take considered the use of biomarkers and diagnostic
tests that might aid in risk assessment. Laboratory tests, genetic tests, imaging investigations, and specialized
evaluations pertaining to the disease of interest might all fall under this category.® Corticosteroids, selective
serotonin reuptake inhibitors (SSRIs), non-steroidal anti-inflammatory drugs (NSAIDs), anticoagulants, ant
platelet agents, and others raise the risk of gastrointestinal bleeding. It’s critical to evaluate the usage and dose
of these drugs while assessing risk.” An increased risk of peptic ulcers and consequent gastrointestinal bleeding
is linked to the bacterium Helicobacter pylori infection. Finding a possible risk factor could be assisted by
evaluating the existence of H. pylori infection.® Misuse of alcohol and other drugs: Using drugs that irritate the
gastrointestinal mucosa or abusing alcohol in excess could both increase the risk of gastrointestinal bleeding.
Finding other risk variables requires evaluating past alcohol and drug misuse.® The gastrointestinal dying, peptic
ulcers, gastro esophageal reflux illness (GERD), fiery gut sickness (IBD), or other gastrointestinal infections are
significant gamble factors. For the purpose of determining the risk, the history of these circumstances must
be considered." Due to variables including a greater incidence of co morbidities, pharmaceutical usage, and
physiological changes in the gastrointestinal tract, advanced age is linked to an increased risk of gastrointestinal
bleeding.™ Chronic medical disorders some chronic illnesses, such as renal disease, cardiovascular disease,
coagulopathies, and liver disease, might make people more prone to gastrointestinal bleeding. The risk must
be evaluated by determining if these circumstances exist and how severe they are."™ An elevated risk could be
attributed to a family history of gastrointestinal bleeding or associated illnesses, such as hereditary hemorrhagic
telangiectasia (HHT) or inherited clotting abnormalities. Finding possible genetic predispositions could benefit
from a family history analysis. ¥ Smoking has been linked to a higher incidence of digestive bleeding, especially
peptic ulcers. Utilization of No steroidal Anti-Inflammatory Drugs (NSAIDs) Consistent or prolonged use of NSAIDs
like aspirin or ibuprofen could increase the risk of gastrointestinal bleeding. Many people with LVADs need
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anticoagulation treatment to stop blood clots from developing within the device. This treatment raises the
risk of gastrointestinal bleeding; especially if the anticoagulant medication is not given properly'» LVAD users
often have several co morbidities, such as chronic renal disease or liver failure, which might raise the risk of
gastrointestinal bleeding. Individuals who have a history of gastrointestinal bleeding are more likely to have
further bleeding incidents. Device-related complications: Infections pump thrombosis, hemolytic, and other
issues with the device could raise the risk of gastrointestinal bleeding.®

Risk of gastrointestinal bleeding could be impacted by pump speed. High pump rates could raise the risk of
bleeding, while low pump speeds can raise the chance of device clot development. The kind of LVAD being utilized
could have an impact on the risk of gastrointestinal bleeding. A greater risk of bleeding has been reported for
certain LVADs compared to others." It’s critical to evaluate these risk variables in order to identify LVAD users
who could be more susceptible to gastrointestinal bleeding. Cardiologists, gastroenterologists, and other medical
professionals must work together in a multidisciplinary manner to effectively treat gastrointestinal bleeding
in this group.® Problems caused by the device, People with LVADs are susceptible to problems caused by the
device, including pump thrombosis, infection, bleeding, and mechanical issues. These issues could be a factor in
gastrointestinal bleeding. Anticoagulation medication is necessary for many LVAD users to stop blood clots from
developing within the device. Anticoagulation might expand the gamble of dying, particularly gastrointestinal
dying; regardless of whether staying away from thrombosis is vital.® LVADs change the cardiovascular system’s
hemodynamic and blood flow. These modifications could alter blood flow to the digestive system and perhaps
raise the danger of gastrointestinal bleeding. In addition to being often prevalent in LVAD users, co morbidities
such chronic renal disease, liver disease, or digestive problems could raise the risk of gastrointestinal bleeding.
The management of patients with LVADs necessitates a multidisciplinary approach combining cardiologists,
cardiothoracic surgeons, gastroenterologists, and other medical specialists. Through this cooperative approach
to treatment, possible risks of gastrointestinal bleeding are thoroughly assessed, tracked, and managed. @ All
of the current LVADs are pumps with continuous flow. Figure 1 depicts the components of LVAD system.

LVAD pumps blood into
the aorta (to the body)

Outflow graft
Blood from the left
enters the LVAD

Left ventricular
assist device (LVAD

Infl 1
Jconnected to hea nflow cannula

Battery

A cable connects the
external control unit and

internal LVAD through a I
small hole in the abdomen ! & o
Control unit

Figure 1. Parts of a system for a left ventricular assist device

LVAD Cable connecting
to control unit

The suggested connections between several path physiological phenomena that are believed to be producing
GIB and angiodysplasias in individuals receiving CF-LVAD support.®" It has been hypothesized that the onset
of gastrointestinal bleeding, hemolytic pump thrombosis, and strokes are all indications of a physiological
state that is abnormally hemocompatible. In this matched case-control research (1:2), 41 COVID-19 patients
(31 upper and 10 lower) had GIB, but 82 COVID-19 patients’ matched controls did not have GIB. Discussion
of the causes of bleeding was primary objective; the secondary objective was to discuss the outcomes and
treatment options.? Utilizing logistic regression analysis, the odds of BTT patients with LVAD dying within a
year were compared to those receiving medical treatment. In this article, the pathophysiology of hematopoietic
conditions is discussed, along with their clinical manifestations and current therapies. These conditions include
bleeding, acquired von Willebrand disease, heparin-induced thrombocytopenia, hemolytic, stroke, and pump
thrombosis. It provides a practical clinical evaluation while summarizing the data that is available for managing
these entities. @ Calculations of the risk of severe LGIB were made using both univariate and multivariate
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logistic regression. To decide whether thrombolytic treatment was fruitful, incorporated all patients who had
gotten at least two medicines for intermittent HVAD apoplexy. The effectiveness of thrombolytic treatment was
determined to be the absence of stroke, mortality, new HVAD apoplexy, or careful gadget trade in the span of
30 days of the rate. Additional research results include mortality and heart transplantation.

METHOD
Research population

Table 1 presents an overview of key pre-existing comorbidities in patients before LVAD implantation that are
critical for understanding their risk profiles and treatment needs. Such comorbidities as dyslipidemia, atrial
flutter, and coronary artery disease indicate severe cardiovascular dysfunction and predispose individuals toward
gastrointestinal (Gl) bleeding and thromboembolic (TE) events. Complications of the vascular type are further
enhanced by conditions such as chronic hypertension and diabetes, further circumventing any consideration
of coagulation or bleeding tendency. A history of stroke demonstrates how the use of anticoagulation therapy
attempts to balance clot avoidance alongside bleeding threats. Patients requiring long-term LVAD support often
have higher rates of complications, and therefore, the anticoagulation strategies must be carefully monitored.
This table offers direct suggestions towards the research by mentioning the participant factors with a role in GI
bleeding incidence, TE event occurrence, and mortality trends. Appreciating those situations allows optimizing
the anticoagulation management, avoiding adverse events, and improving overall outcomes in LVAD patients.

Table 1. Clinical Characteristics before LVAD Implantation

Variable Patients [n (%)]
Dyslipidemia 232 (60 %)
Atrial Flutter 95 (25 %)
Type 2 Diabetes Mellitus 113 (29 %)
History of Stroke 49 (13 %)
Coronary Artery Disease 186 (48 %)
Chronic Hypertension 148 (38 %)
Long-Term LVAD Support 137 (35 %)

Outcome Evaluation

A case of Gl bleeding necessitating hospital admission, a blood transfusion, or endoscopic or interventional
radiologic care was referred to as a “Gl bleeding episode.” A single occurrence was recorded when several
bleeding incidents occurred over the same hospital stay. TE incidents and Gl hemorrhage that happened after
the LVAD was removed were not included. Within 30 days of the LVAD’s installation, TE occurrences were
deemed to be connected the surgery and were not incorporated in calculation.

Statistical analysis

Demographic information and other patient-related data were gathered by utilizing the prospectively
gathered clinical databases. The Student’s pairing t-test or the chi-square test was used to compare data
between the two groups for continuous or categorical variables. After the Kaplan-Meier method was used
to determine overall survival and independence from an outcome event, log rank was used to compare the
results. The influence of Gl bleeding on later TE episodes, survival, and other outcomes was examined as a
time-dependent covariate. The statistic of statistical significance was P < 0,05. A patient’s death within 30 days
of surgery or while receiving care at the reference hospital was considered early surgical mortality.

RESULTS

All early victims (n = 365) received data, with a median follow-up of ten months. 116 patients (30 %; 116 of
389) had 119 Gl bleeding incidents, 67 (58 %; 67 of 116) of which occurred just once, and 49 (42 %; 49 of 116) of
which occurred several times. The average quantity of time (from 1 to 116 months) between the LVAD implant
and the first Gl bleed was 5. In these individuals, there were 0,45 GI bleeds per supported patient year. Figure
2 depicts the cohort’s overall independence from Gl hemorrhage.

Table 2 highlights the incidence of gastrointestinal bleeding and thromboembolic events among patients
with LVAD. It illustrates how changes in anticoagulation therapy affect bleeding and clotting risks. The data
show the usual complications that patients face, stressing the need for careful observation and individualized
treatment approaches. Understanding the frequency of these events helps clinicians determine how to balance
bleeding prevention with clot risk management. This table is directly relevant to the research because it shows
how variations in anticoagulation impact outcomes for patients, thus supporting the need for individualized
approaches to minimize the risk of complications while ensuring effective LVAD functioning.
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Event Rates of Different Complications

Upper Gl Bleeding 0.38

Lower Gl Bleeding

Suspected/Confirmed Pump Thrombosis

Event Type

Hemolysis
0.15

Ischemic Stroke

Transient Ischemic Attack (TIA)

. T .
0.0 0.1 0.2 0.3 0.4
Event Rate (/pt-year)

Figure 2. Independence from Gl bleeding incidents throughout time

Age-Based Distribution of Gl Bleeding, TE Risk, and Clinical Outcomes

60 T
—&— Gl Bleeding Incidence p
—— TE Event Occurrence
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50 1+ —&— Need for Blood Transfusion ’/
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Age Groups

Figure 3. The absence of TE occurrences due to time
Table 3 is an analysis of the co-relation of patient’s age with the odds of experiencing gastrointestinal
bleeding, thromboembolic events, and complications. Older adults have a significantly raised risk of bleeding

and clotting problems, which can hence develop a hypothesis for the formulation of age-appropriate treatment
strategies. Besides, the table discerns trends in the outcomes of care, inclusive of mortality and necessity of
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other interventions. This will support the focus in this research on optimization of anticoagulation management
by showing that age-based individualized approaches can help reduce risks and enhance overall patient care.
The findings emphasize the need for continuous monitoring and adjustments in LVAD therapy. Overall cohort
survival is shown in figure 4. When they were looked at as time-dependent factors, the incidence of a Gl bleed
and a TE episode had no negative effects on late survival (HR =14 0,72 [95 % Cl 0,4 to 1,2], p 14 0,1 and (HR 14
0,84 [0,5 to 1,3], p = 14 0,43) respectively.

Table 3. Age-Based Distribution of Gl Bleeding, Thromboembolic Risk, and
Clinical Outcomes

<50 50-59 60-69 70-79 >80

Variable years years years years years
Gl Bleeding Incidence 11 23 36 48 58
TE Event Occurrence 10 22 30 40 47
Relative Risk of G| Bleed 4,9 [1,0- 6,2 [2,1- 8,0[3,4- 10,5 14,1
Leading to TE Event 24] 11] 16] [5,3-23] [6,5-32]
p-value 0,071 0,022 <0,001 <0,001 <0,001
30-Day Mortality 3 5 8 14 21
Need for Blood Transfusion 6 15 24 34 42

T T
o 1 2 3 4

Follow-up Duration (Years)

Figure 4. Worldwide late survival due to time

DISCUSSION

Research on the relationship between gastrointestinal bleeding and thromboembolic events in LVAD
patients was conducted on one of the largest possible groups. After LVAD implantation, 30 % of patients had
gastrointestinal bleeding, which was a frequent occurrence. It was discovered that Gl bleeding in these same
individuals was linked to a rise in the frequency of thromboembolic events that followed.? If the patient
had experienced a past Gl bleed, the incidence of thromboembolic events rose by a factor of 7,4 overall. The
rise was approximately 15 times greater in patients who were 470 years old, which made the result much
more striking. An LVAD support complication that is well-known is gastrointestinal hemorrhage. According to
Kushner et al., 19 % of LVAD patients had Gl hemorrhage at least once. The rate was somewhat greater in
research, at 30 %. The percentage in the research was a little higher, at 30 %. In line with other research,
it was discovered that age is the most crucial factor in determining whether a patient would develop Gl
bleeding.?® Metalloproteinase can break ADAM-13 from VWF in the blood due to a change in the protein’s
structure caused by elevated shear stress. High-molecular-weight vWF concentrations are reduced as a result
of this destruction, which results in coagulopathy and bleeding. Aortic stenosis, hypertrophic cardiomyopathy,
and inborn heart anomalies are instances of problems that increment the sheer weight on blood and have
been connected to gain von Willebrand infection. It has also been seen in LVAD patients, and this decline
in high-molecular-weight VWF is probably a significant contributor to the pathophysiology of Gl bleeding.®®)
The increased occurrence of gastrointestinal angiodysplasia in LVAD patients has been suggested as a second
possible explanation for Gl bleeding. Arteriovenous malformations were reportedly the cause of 31 % of Gl
bleeding in LVAD patients. According to neurovascular etiology presented, increasing sympathetic tone results
in smooth muscle relaxation, dilated arterioles, and a rise in aortic valve substitutions. Additionally, the non-
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pulsatile LVADs’ narrow pulse pressure could lead to arterial dilatation and hypo perfusion of the gastrointestinal
system, which heightens the development of AVMs. Even with anticoagulation medication, thromboembolic
events constitute a serious side effect of LVAD treatment. A stroke, TIA, hemolytic, or pump thrombosis/power
surge was all considered thromboembolic events in the research, which included 25 % of patients receiving
LVAD treatment. Patient had previously had Gl bleeding; these thromboembolic episodes were much inclined
to occur.? Blood becomes hypercoagulable when it comes into direct touch with the foreign material of
an LVAD, which makes platelet activation more likely. LVAD coagulopathy is caused by certain cells adhering
to the device’s substrate. When providing warfarin anticoagulant medicine to patients, INR goals of 2,0 to
3,0 are often employed; however, therapy is typically discontinued if a Gl bleed develops. According to the
observations, the patients are more at risk for a future thrombotic episode after anticoagulation is stopped.
Patients are in many cases managed warfarin anticoagulation treatment with INR focuses somewhere in the
range of 2,0 and 3,0 notwithstanding subterranean insect platelet prescription; however some slight variances
do occur due to disparities in philosophy and practices among organizations. Some of these slight variations
relate to how anticoagulation is stopped after a bout of Gl bleeding, such as: (1) aggressive INR reversal at
admission for Gl bleeding as opposed to monitoring and straightforward anticoagulation withdrawal; (2) choose
between continuing to take aspirin or a temporary substitute such a glycoprotein IIb/llla inhibitor over stopping
ant platelet drugs; (3) After treating Gl bleeding, when should anticoagulation be restarted.? The bulk of
people’s proposals seem to be rather similar, notwithstanding these variances in a tiny number of instances.
In a clinic, that use less aggressive anticoagulation for elderly patients, who are more likely to experience
Gl bleeding, and more aggressive anticoagulation for younger patients, who are less likely to experience Gl
bleeding. Itcontends that the alteration in anticoagulation following Gl hemorrhage is the primary cause of this.
Even though it is common knowledge that unfavorable occurrences like Gl bleeding and thromboembolic events
could result in prolonged hospital stays and issues related to the hospital, there was no significant reduction
in mortality as a result of these adverse events.? Patients utilizing the Heart Mate Il LVAD were found to have
the highest incidence of bleeding events when researchers looked at the hazards of thrombosis and bleeding in
those patients. Patients with INRs > 2,5 the highest probability of bleeding events, INR target range of 1,5 to
2,5 was suggested by this research to reduce the frequency of bleeding episodes. According to the research,
halting a bleeding could ultimately make thromboembolic problems less common.®® The rates of bleeding
events and, paradoxically, TE events could benefit by changing the initial INR targets to reduce bleeding. This
absolute requirement, obviously, be weighed against the possible raised chance of thromboembolic occasions
connected to decrease INR.

Limitations

These are certain limitations to this research. 389 patients at 2 centers were the only ones whose data were
used. The analysis was carried out after the event, even though the data were collected prospectively. The
many anticoagulant medicine adjustments made for people with Gl bleeding provide a considerable obstacle to
the ongoing monitoring of these patients. The patients were handled by several doctors using non-standardized
methods while being seen at 2 separate locations. In the event of a Gl bleed, the dosage of warfarin and ant
platelet medication was not always clear. Indeed, even with various regimens, a huge association between Gl
drains and thromboembolic occasions was found. In LVAD patients, found a statistically significant correlation
between episodes of Gl bleeding and subsequent thromboembolic episode. Contend that anticoagulant
medication adjustments made in reaction to the bleeding incidence have had a substantial impact on this.
Controlling Gl bleeding could improve outcomes for LVAD patients by reducing thromboembolic events.

CONCLUSION

In conclusion, those who have LVAD or other forms of left ventricular support machinery are more inclined to
have gastrointestinal bleeding. There are many risk factors that have been discovered in this group, such as the
use of anticoagulant and ant platelet drugs, the existence of co morbidities such chronic renal disease or liver
failure, and the presence of a history of gastrointestinal bleeding. Furthermore, elements including device-
related issues pump speed, and device type could potentially raise the possibility of gastrointestinal bleeding. To
effectively control gastrointestinal bleeding in patients who are using left ventricular assist devices, physicians
such as cardiologists, gastroenterologists, and others need to collaborate with one another. Thorough drug
administration, keeping an eye on anticoagulant levels, and routine evaluation of gastrointestinal symptoms
are all methods to reduce the risk of gastrointestinal bleeding. To fully comprehend the underlying causes
and the best therapeutic approaches for gastrointestinal bleeding in this group, further research is required.
This will work with the advancement of centered treatments to decrease the recurrence and seriousness of
gastrointestinal draining in individuals utilizing left ventricular help gadgets, consequently working on quiet
results and personal satisfaction.
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