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KEY POINTS

� Thrombocytopenia is common in advanced liver disease and can pose management dif-
ficulties in patients who require invasive procedures.

� One mechanism of thrombocytopenia in advanced liver disease is decreased hepatocyte
production of thrombopoietin.

� Although platelet transfusions are the current standard of care to address preprocedure
thrombocytopenia, disadvantages include patient risks, costs, and logistical difficulties.

� Two novel thrombopoietin receptor agonists, avatrombopag and lusutrombopag, were
approved in the United States to augment platelet counts before elective procedures in
patients with thrombocytopenia caused by advanced liver disease.

� These agents are effective and generally safe in carefully selected patient populations,
including those with lower Model for End-stage Liver Disease and Child-Turcotte-Pugh
scores.
INTRODUCTION

Chronic liver disease caused by cirrhosis is frequently complicated by thrombocyto-
penia, particularly when portal hypertension is present. Coagulopathy manifested by
increases in prothrombin time (PT) and International Normalized Ratio (INR), in the
absence of vitamin K deficiency, are other laboratory signs indicating hepatic syn-
thetic dysfunction. Many patients show both thrombocytopenia and coagulopathy.
Consequently, these patients are often assumed to be at higher risk of bleeding com-
plications from invasive procedures, including gastrointestinal endoscopy. Moreover,
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this patient population is more ill than the general population, and thus more likely to
need invasive procedures in general. Invasive procedures are especially common in
patients with cirrhosis and complications of portal hypertension, including those un-
dergoing liver transplant evaluation.
Thrombocytopenia may be the first laboratory sign heralding the presence of liver

dysfunction. The severity of thrombocytopenia correlates to both severity of liver dis-
ease as well as to long-term outcomes.1 Thrombocytopenia is categorized as mild
(platelet count >75,000/mL), moderate (50,000–75,000/mL), and severe (<50,000/
mL).2 It is also common. As many as 76% of patients with cirrhosis have mild throm-
bocytopenia, and an additional 13% may have more significant degrees of
thrombocytopenia.1

MECHANISMS OF THROMBOCYTOPENIA IN LIVER DISEASE

The thrombocytopenia observed in liver disease is often multifactorial.2,3 The most
commonly taught mechanism is the sequestration of platelets by the spleen as a result
of portal hypertension. Thrombocytopenia in patients with liver disease is such a spe-
cific marker of portal hypertension that it is an indication for screening endoscopy for
gastroesophageal varices according to the Baveno VI guidelines.4 However, other
causes of thrombocytopenia exist (Box 1).
In the setting of hepatic dysfunction, platelets are also underproduced. The growth

factor thrombopoietin (TPO), discovered in 1994, is the main regulator of platelet pro-
duction.3 TPO acts to prevent platelet apoptosis and increases both the size and num-
ber of platelets, as well as their differentiation via binding to its receptor on platelet and
megakaryocyte membranes.2,5 TPO is primarily produced by hepatocytes, and its
production is reduced in patients with hepatic dysfunction.6 In addition, attenuation
in platelet response to TPO has been observed in liver disease,7 and restoration of
functioning hepatocytes via liver transplant has been shown to increase both TPO
levels and circulating platelets levels.8 In addition to reduction of TPO, platelets may
also be underproduced in liver disease because of concurrent bone marrow suppres-
sion from alcohol abuse, untreated hepatitis C virus (HCV), other infections, medica-
tions, and nutritional deficiencies.
Increased destruction of existing platelets is a third mechanism of thrombocytopenia

in liver disease. These mechanisms include immune-mediated destruction by autoanti-
bodies as well as direct splenic destruction. In addition, dilutional thrombocytopenia is a
less common phenomenon in patients with liver disease but can occur with massive
blood transfusions or large amounts of crystalloid or colloid for volume resuscitation.
Box 1

Mechanisms of thrombocytopenia in liver disease

Decreased platelet production
� Reduction in thrombopoietin production in hepatic dysfunction
� Marrow suppression (alcohol, hepatitis C virus, nutritional deficiencies, medications)

Removal of circulating platelets
� Hypersplenism/sequestration caused by portal hypertension
� Immune-mediated destruction (autoantibodies)
� Direct splenic destruction

Dilutional
� Intravascular volume resuscitation with crystalloid or colloid
� Massive blood transfusions
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The platelet counts measured on routine blood counts are a quantitative measure
only, and the numerical value provides no information about platelet function. Platelet
dysfunction, even with normal platelet counts, may occur in the setting of chronic kid-
ney disease with uremia, and use of medications that inhibit platelets, such as aspirin,
clopidogrel, nonsteroidal antiinflammatory drugs, and serotonin agents. Infections,
and sepsis in particular, as well as nutritional deficiencies can also impair platelet func-
tion. In addition, in liver disease, bile salts, apolipoprotein E, and fibrinogen degrada-
tion products also can inhibit platelet function.9 The impairment in platelet function
directly correlates with the degree of liver dysfunction as measured by the Child-
Turcotte-Pugh (CTP) score.10

Despite the thrombocytopenia and coagulopathy, patients with liver disease show
an increased risk of thromboembolism, particularly in the mesenteric and portal
venous circulations. Decreased hepatic synthesis of the anticoagulants antithrombin
III and protein C, increases in the procoagulant factor VIII, and decreased fibrinolysis
all contribute to a prothrombotic state.11 When these are combined with reduced ve-
locity of blood flow through the portal circulation from cirrhosis and portal hyperten-
sion, portal and/or mesenteric vein thrombosis may occur.
This thrombotic tendency is not measured on routine laboratory testing and this

makes it difficult to accurately estimate the bleeding risks in patients with liver disease.
Measures of platelet count, PT, and partial thromboplastin time (PTT) are only a partial
reflection of the overall hemostatic balance in liver disease.11,12 Discrepancies exist in
perception of bleeding risk, with some data suggesting thrombin generation is
adequate for clotting as long as platelets are at least 56,000/mL,13 whereas other
studies have shown higher procedure bleeding risk caused by thrombocytopenia.14,15

To obviate this issue, some centers use thromboelastography (TEG) or rotational
thromboelastometry (ROTEM) to help characterize specific degradations in clot for-
mation and dissolution and thus clarify whether a patient has tendencies toward
bleeding versus clotting. TEG is commonly used during liver transplant16 and increas-
ingly used in inpatient settings to help guide transfusions.
AVAILABLE THROMBOPOIETIN AGONISTS

The cloning of TPO in 1994 generated interest in the use of TPO receptor agonists to
treat thrombocytopenia.3 The original agents mimicked the structure of TPO but
caused severe cross reactivity and subsequent inhibition of endogenous TPO, result-
ing in a paradoxic reduction in platelet counts.2,3 Newer agents are structurally dissim-
ilar to TPO and thus avoid this cross reactivity.
The original TPO receptor agonist was romiplastin (Nplate, Romiplate). Only small

studies exist in patients with liver disease, and currently it is limited to use for hema-
tological disorders.17–19 A second agent, eltrombopag (Promacta, Revolade), was
used to address thrombocytopenia in patients with liver disease. However, both romi-
plastin and eltrombopag carry significant safety concerns, including formation of por-
tal venous thrombosis (PVT),20–22 and additionally, eltrombopag has risks of
hepatotoxicity. Thus, neither agent is currently recommended for use in patients
with thrombocytopenia caused by liver disease.
The interest in platelet count augmentation with TPO receptor agonists increased

once again with the development of newer oral agents with high efficacy and fewer
safety concerns. In 2018, 2 oral agents, avatrombopag (Doptelet), and lusutrombopag
(Mulpleta), were both approved by the US Food and Drug Administration (FDA) for use
in patients with thrombocytopenia caused by liver disease undergoing elective
procedures.
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Avatrombopag was studied in the ADAPT-1 and ADAPT-2 studies.23,24 These
studies were randomized, double-blind, placebo-controlled, multicenter, global phase
III clinical trials. In both trials, avatrombopag at dosages of 40 or 60 mg/d (based on
initial platelet counts <40,000/mL or �40,000/mL but <50,000/mL) for 5 days, or pla-
cebo, was administered to 231 (ADAPT-1) and 204 (ADAPT-2) patients with thrombo-
cytopenia caused by advanced liver disease who were undergoing scheduled
outpatient procedures. The study drug was taken orally once daily for a total of
5 days. The platelet counts were measured again at the procedure date, as well as
1 week and 5 weeks after the procedure.
The procedures varied in bleeding risk but were deemed lower risk in 61% of the

patients, and no higher-risk (intracranial/intraspinal) procedures were included. In
addition, because of the potential PVT risk observed with earlier TPO receptor ago-
nists, patients were carefully selected to reduce this risk. Patients with known prior
PVT or advanced hepatocellular carcinoma (HCC), prior thrombosis, current mesen-
teric or PVT, or decreased portal vein velocities were excluded.
Avatrombopag increased the platelet count by a mean of 31,000 to 32,000/mL at the

higher dosage of 60 mg/d, versus a change of 800 to 3000/mL for placebo groups. At
the lower dosage of 40 mg/d, for patients with slightly higher baseline counts, the
mean platelet count increased by 37,000 to 45,000/mL in both trials, compared with
1000 to 6000/mL in the placebo group. Overall, 65% of patients in the lower platelet
count group, and 87% in the higher baseline platelet group, reached the primary
end point of platelet count greater than 50,000/mL and no bleeding events before
the procedure, compared with placebo rates of 22% to 23%. Platelet counts began
to increase by day 4, peaked between 10 and 13 days, and gradually returned to base-
line over the next month.
The drug showed an excellent safety profile. With the exclusion criteria listed earlier,

PVT risks were overall low, occurring in 1 patient on 40 mg, discovered on day 18 and
not thought to be related to the study drug. The overall thromboembolic rate was not
different than placebo.23,24

Lusutrombopag had been used in the correction of thrombocytopenia caused by
liver disease in patients in Asia for a few years before approval in the United States,
mostly in procedures done by interventional radiology.25–30 However, the FDA
approval for lusutrombopag use in the United States came after the completion of
the phase III L-PLUS-1 and L-PLUS-2 trials.31,32

In these randomized, double-blind, placebo-controlled studies, patients with liver
disease and thrombocytopenia undergoing procedures necessitating platelet correc-
tion were administered 3 mg/d of oral lusutrombopag or placebo before their elective
procedures. These procedures were performed 9 to 14 days after the first dose. The
L-PLUS-1 trial included 97 patients and the L-PLUS-2 included 215 patients. Unlike
the ADAPT trials, the L-PLUS-1 and L-PLUS-2 trials included platelet monitoring at
days 5 to 8, and, if the platelet count surpassed the 50,000/mL target by days 5 to
7, the drug could be stopped early. In addition, screening ultrasonography scans
were used to detect PVT before and after study drug dosing.
In the L-PLUS-1 trial, 79% of patients receiving lusutrombopag achieved platelet

counts of greater than 50,000/mL, compared with 12.5% in the placebo group. In
the L-PLUS-2 trial, 70% of patients who received lusutrombopag achieved the
target platelet count and showed an increase greater than 20,000/mL, compared
with 14% in the placebo group. The mean increase in platelet count was approxi-
mately 45,000/mL compared with 11,000/mL in the placebo group. Similar to ava-
trombopag, lusutrombopag did not have an increased risk of PVT. One patient
receiving lusutrombopag developed a PVT not thought to be related to the study
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drug, but the overall thrombosis rates between the study drug and placebo were
similar.
These studies showed the safety and efficacy of oral TPO receptor agonists to

augment platelet counts with sustained duration, allowing completion of procedures,
in patients who were not at increased risk of PVT formation.
INDIVIDUALIZED APPROACHES TO THROMBOCYTOPENIA

In the elective procedure setting, significant variation is observed in the approach to
thrombocytopenia management. Although society guidelines are available, these
reflect recommendations in the general population and are not specific to thrombocy-
topenia or coagulopathy in patients with advanced liver disease. As discussed earlier,
bleeding and thrombosis in liver disease are not accurately reflected in the routine lab-
oratory abnormalities observed in advanced liver disease, making estimation of
bleeding risk in these patients less straightforward than in those with thrombocyto-
penia from a hematological abnormality.
Many components contribute to the variation in the approach to thrombocyto-

penia,33 summarized in Table 1. Factors that are specific to each patient include
the degree of thrombocytopenia, in conjunction with coexistent coagulopathy (PT/
INR or PTT increases), as well as use of medications that could increase bleeding
risks (such as aspirin, nonsteroidal antiinflammatory drugs, clopidogrel, low-
molecular-weight heparin, warfarin, and newer oral anticoagulants). The presence
and degree of uremia in patients with kidney disease may also affect platelet func-
tion. Thus, severe thrombocytopenia in a patient with coexistent kidney disease
with uremia is likely clinically different than the same platelet count in a patient
without kidney disease.
In addition, a prior history of bleeding (particularly procedurally related), the severity

of prior bleeding, the precise platelet count, the procedure, and other circumstances
in which the bleeding occurred are also relevant. Spontaneous or unprovoked
bleeding, such as severe bleeding from routine polypectomy, may be viewed with
more concern than bleeding from higher-risk procedures, such as severe bleeding
from biliary sphincterotomy. Prior response to platelet transfusions may also be rele-
vant. Attempts to transfuse platelets preprocedure may be inadvisable in patients who
Table 1
Factors influencing platelet count preferences

Patient Specific Provider Specific Procedure Specific

� Severity of
thrombocytopenia

� Concurrent
coagulopathy

� Medications (antiplatelet
agents, anticoagulants)

� Prior bleeding history
and degree of
thrombocytopenia at
prior bleeding

� Known platelet
refractoriness

� Institutional protocols
� Local practice patterns
� Population

socioeconomics and
medical-legal culture

� Degree of risk aversion,
including concerns about
litigation or recent poor
outcome

� Prior training methods
� Degree of experience

and comfort with the
procedure

� Procedure bleeding risk
in general population

� Severity of bleeding
outcomes (likelihood of
catastrophic outcome vs
minor manageable
outcome)

� Location/facility type:
stand-alone endoscopy
center or tertiary center
with emergency room,
interventional radiology,
and surgery readily
available
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have historically responded poorly, and procedure-specific modifications may be un-
dertaken in patients with known platelet transfusion refractoriness.
Provider-specific factors also occur. The clinical experience of the provider, training

patterns, personality, and degree of risk aversion all contribute to stylistic differences
in baseline platelet count preferences before a particular procedure.
Practice locale and patient population may also affect practice patterns. Providers

who frequently perform procedures for patients with advanced liver disease may have
less aversion to procedures and have lower thresholds for concern with lower platelet
counts in these patients, compared with those who rarely care for such patients. Insti-
tutional culture and formally designed protocols, patient socioeconomic status, and
associated regional medicolegal culture may also influence practice patterns. Facility
factors are relevant; some practitioners, particularly in stand-alone procedure facil-
ities, may prefer to avoid higher-risk procedures in patients with severe thrombocyto-
penia and instead perform them at hospital-based facilities, where emergency
department, interventional radiology, laboratory and blood bank services, and surgical
backup are immediately available. In such centers, that same provider may tolerate a
greater degree of bleeding risk (including lower platelet counts) than in an isolated fa-
cility requiring ambulance transport if a complication occurred.
In addition, another consideration is the severity of bleeding; consequences may be

vastly different depending on the location within the body, as well as available
methods to treat the bleeding. For example, intracranial bleeding could be cata-
strophic with long-term sequelae, whereas biliary sphincterotomy bleeding is often
self-limited and overall less likely to have long-term consequences. Treatment options
are also a factor. For example, a severe polypectomy bleed where interventional radi-
ology is not readily available for embolization may result in emergent partial colectomy
to control bleeding. Thus, all of these considerations are important in any specific pro-
vider’s approach to an elective procedure in patients with advanced liver disease and
severe thrombocytopenia.
In addition, and most importantly, the risk stratification of the procedure is critical in

influencing whether platelet counts must be augmented in patients with severe throm-
bocytopenia. Patients with advanced liver disease often require many different types
of procedure (Table 2). Within gastroenterology, the American Society of Gastrointes-
tinal Endoscopy (ASGE) guidelines designate procedures as higher or lower risk.34

Procedures in which bleeding is lower risk include paracentesis and routine esopha-
gogastroduodenoscopy (EGD) or colonoscopy with biopsy, as well as polypectomy of
smaller polyps, endoscopic variceal ligation, push or balloon enteroscopy, and
capsule endoscopy. More advanced procedures at lower risk of bleeding include Bar-
rett esophageal ablation, argon plasma coagulation, endoscopic ultrasonography
(EUS) without fine-needle aspiration (FNA), and endoscopic retrograde cholangiopan-
creatography (ERCP) without sphincterotomy. Transjugular liver biopsy is also consid-
ered by some clinicians to be low risk, but opinions on this vary widely.
Moderate-risk procedures in terms of bleeding include percutaneous liver biopsy,

colonoscopy with polypectomy of larger polyps, ERCP with sphincterotomy, place-
ment of percutaneous gastrostomy or jejunostomy tubes, cystogastrostomy, ampul-
lectomy, endoscopic mucosal resection or submucosal dissection, and pneumatic
dilation of esophageal or other strictures. Many other procedures outside gastroenter-
ology and hepatology are low or moderate risk, such as bronchoscopy, cardiac cath-
eterization, bone marrow biopsy, and lumbar puncture. Those procedures deemed at
the highest bleeding risk are generally intracranial or intraspinal procedures.
In general, the provider who is performing a procedure determines the specific

platelet threshold for a specific procedure. This decision is individualized but may



Table 2
Commonly performed procedures in patients with liver disease

Bleeding
Risk
Suggested
Platelet
Target Gastroenterology/Hepatology Other Procedures/Specialists

Low
>20,000/mL

Paracentesis
Small polypectomy
Diagnostic EGD or colonoscopy
Mucosal biopsies
Push enteroscopy
Capsule endoscopy
EUS without FNA
Enteral stent deployment
Argon plasma coagulation
Barrett esophagus ablation
ERCP without balloon dilation
ERCP without stent
Prophylactic variceal banding

Transjugular liver biopsy
Bone marrow biopsy
Central line placement
Bronchoscopy, without biopsy
Thoracentesis
Percutaneous biliary interventions
TIPS placement

Moderate
>50,000/mL

Percutaneous liver biopsy
Large polypectomy
CystogastrostomyAmpullectomy
Endoscopic mucosal resection or
submucosal dissection

Pneumatic or bougie dilation
ERCP with sphincterotomy
Endoscopic tumor ablation
Percutaneous gastrostomy/
jejunostomy tube

EUS with FNA
Endoscopic hemostasis

Cardiac catheterization
Percutaneous organ biopsy
Lumbar puncture
Locoregional therapy for HCC
Surgery (noncranial, nonspine)

High
>100,000/mL

— Intracranial
Intraspinal

Abbreviations: EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopan-
creatography; EUS, endoscopic ultrasonography; FNA, fine-needle aspiration; TIPS, transvenous in-
trahepatic portosystemic shunt.
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be made in collaboration with the referring provider. Providers in specialties outside of
gastroenterology and hepatology who perform procedures on patients with advanced
liver disease and severe thrombocytopenia determine the thrombocytopenia manage-
ment strategy.
PROCEDURE-SPECIFIC PLATELET RECOMMENDATIONS

Despite the aforementioned variations in practice, certain procedures have estab-
lished recommendations for platelet goals. Guidelines from the ASGE for gastrointes-
tinal endoscopy procedures35 suggest routine laboratory monitoring before
procedures in patients who may have a higher risk of bleeding, which generally in-
cludes patients with advanced liver disease.34 Although higher-risk procedures may
be safest if platelets are augmented to at least 50,000/mL, lower-risk procedures
such as diagnostic upper endoscopy may be safely performed at platelet counts of
20,000/mL.36
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The American Association for the Study of Liver Disease (AASLD) guidelines for par-
acentesis37 do not recommend augmenting platelets before performing this proced-
ure because of low bleeding risks even in patients with severe thrombocytopenia.38

In contrast, liver biopsy is considered a higher-risk procedure, with nonsevere
bleeding occurring in 1 in 500 cases.39 Most hepatologists and interventional radiolo-
gists performing percutaneous liver biopsies prefer to correct thrombocytopenia to
levels of at least 50,000/mL before the procedure.
Providers outside of gastroenterology and hepatology performing procedures in pa-

tients with advanced liver disease often prefer platelet counts of at least 50,000/mL.
This level is supported by guidelines,40–43 even if not directly studied in advanced liver
disease. However, in 2019, the Society of Interventional Radiology released updated
guidelines on this topic.44,45 Procedures are now categorized as low or high risk. Rec-
ommendations for low-risk procedures include a platelet threshold of 20,000/mL, and,
for higher-risk procedures, at least 50,000/mL. Lower-risk procedures relevant to pa-
tients with advanced liver disease include paracentesis, thoracentesis, lumbar punc-
ture, and transvenous liver biopsy. Higher-risk procedures performed by interventional
radiologists include biliary and portal vein interventions, percutaneous liver and other
solid organ biopsies, arterial interventions (including locoregional therapy for HCC),
and placement of transvenous intrahepatic portosystemic shunt (TIPS). These
updated guidelines will likely result in the evolution of practice patterns of correction
of thrombocytopenia in the future.
MANAGEMENT OF THROMBOCYTOPENIA

Two major strategies exist to address periprocedure thrombocytopenia. These strate-
gies include modification of the procedure technique, setting, or personnel, or
augmentation of the patient’s platelet count via platelet transfusion or use of the
TPO receptor agonists.

Procedural Modifications

Rather than correcting thrombocytopenia, postponement of the intended procedure
may be justified in some cases. For example, biopsies are generally considered low
risk, but they may be forsaken in patients who have salmon-colored esophageal mu-
cosa suggestive of Barrett esophagus with no visible lesion, in the setting of esopha-
geal varices. Deferral of elective procedures until after liver transplant is also an option
for some patients.
In addition, if a procedure is necessary, providers who are less comfortable can

refer the patient to another provider. Further, a provider may choose to perform a pro-
cedure in a hospital-based setting instead of an outpatient facility if there is increased
risk.
In cases where the procedure must be performed (such as ERCP for choledocho-

lithiasis and cholangitis), the endoscopist may alter the procedure technique to mini-
mize bleeding risks, such as avoiding sphincterotomy. Even hemostatic techniques
are influenced by thrombocytopenia and coagulopathy; electrocautery methods
may be avoided in favor or mechanical options, such as hemostatic clips.

Platelet Transfusions

Frequently, elective procedures must be performed in patients with advanced liver
disease and severe thrombocytopenia. In these settings, transfusion of platelets is
the standard of care and the most rapid method to correct thrombocytopenia.
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In the general patient population, 1 unit of platelets increases the total platelet count
by approximately 30,000/mL, within the first few minutes of completion. One unit of
platelets can be administered in 20 to 30 minutes.40 However, in patients with
advanced liver disease, platelet transfusions are less effective in increasing the
platelet count; the average increase in platelet count is only 12,000/mL. Despite this,
studies of rotational thromboelastometry in patients with liver disease have shown
that, even though the increase in platelet counts may be blunted, clot firmness is still
augmented.46

Issues with platelet transfusions are summarized in Box 2. Although platelet trans-
fusion is generally considered safe and efficacious, adverse events are common.40

Febrile, allergic, or hypersensitivity reactions are observed, and, in some cases, pa-
tients must be pretreated with diphenhydramine, acetaminophen, and/or prednisone.
Transfusion-related acute lung injury and transfusion-associated circulatory overload
can also occur; however, this is likely more common in the inpatient setting when pa-
tients require a large number of transfusions, and less likely in an outpatient setting
when fewer units are transfused.
Additional medical risks of platelet transfusions include transfusion-related graft-

versus-host disease; bacterial, viral, or parasitic infections; and hemolysis.40 In addi-
tion, in patients who have required multiple blood product transfusions, alloimmuniza-
tion can occur, whereby recipients form antibodies against donor platelets.
Alloimmunization is difficult to prevent in the setting of frequent transfusions. It may
contribute to the refractoriness seen in some patients who fail to achieve an adequate
increase in platelet counts after platelet transfusion. For patients with significant
alloimmunization, matched platelets can be sought. Although effective, the strategy
of matching platelets can cause significant delays related to availability. In patients
who are liver transplant candidates, alloimmunity can create significant difficulty
Box 2

Platelet transfusion issues

Medical safety issues
� Febrile reactions
� Allergic or hypersensitivity reactions
� Transfusion-related lung injury or cardiac overload
� Graft-versus-host disease
� Hemolysis (minor ABO incompatibilities)
� Infections (viral, bacterial, and parasitic)
� Alloimmunization/platelet refractoriness

Failure of platelet counts to increase to desired target
� Additional units must be ordered/administered
� Procedure is canceled, delayed, or modified to address thrombocytopenia

Cost issues
� Actual platelet doses
� Pretreatment of patients with prior sensitivity
� Monitoring during/after transfusion
� Any necessary treatment of reactions
� Lost productivity for patient/caregiver, transportation, and parking costs

Logistical issues
� Patients must come to a transfusion center or hospital setting for monitoring
� Availability of platelets must be timed, including matched platelets
� Scheduling issues (holidays/center closures, patient scheduling)
� Storage and shelf life of platelets (doses may be discarded, and so forth)
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with appropriate response to platelets intraoperatively. Thus, particularly in patients
who are liver transplant candidates or undergoing other major surgeries in which large
amounts of blood products may be required, repeated platelet transfusions are best
avoided when possible.
In addition, transfusion of platelets is associated with high costs and logistical is-

sues. One study estimated that the cost of platelet transfusion in patients undergoing
percutaneous liver biopsy was more than $7000.47 In addition, platelet transfusions
are usually administered in either a transfusion center or hospital center to allow
for adequate monitoring; this may pose logistical difficulties if patients must travel
to the center. Logistical issues may result in missed days of work or school for the
patient or caregivers, as well as nonadherence to transfusion strategies if transpor-
tation is burdensome. Additional logistical issues include availability of platelets
(particularly if matched platelets are necessary), scheduling of transfusions in coor-
dination with the scheduled procedure, and the storage and shelf life of platelets.
However, despite these issues, platelet transfusion remains the mainstay of manag-
ing thrombocytopenia before invasive procedures in the inpatient and outpatient
settings.

Correction of Thrombocytopenia via Thrombopoietin Receptor Agonists

TPO receptor agonists are a useful alternative to outpatient platelet transfusions in
appropriate settings. With these agents, platelet counts remain increased for a longer
duration than platelet transfusions, and thus allow a longer window to complete,
reschedule, or even repeat the procedure. After 5 doses of avatrombopag, platelet
counts increase, and return to baseline over the next month.23 With lusutrombopag,
platelet counts may remain more than 50,000/mL for up to 3 weeks.31,48,49

TPO receptor agonists are inappropriate in certain populations. The products were
not studied in pediatric populations or in pregnant and lactating women. There are also
few data in patients with significant kidney disease. However, in patients with creati-
nine clearance more than 30 mL/min, no dose adjustments are needed. Both
approved drugs undergo hepatic metabolism. Lusutrombopag was only studied in
cirrhotic patients with CTP class A and B, whereas avatrombopag was studied in
CTP A, B, and C, but only in patients with Model for End-stage Liver Disease
(MELD) scores less than 23. In these specific populations, neither drug needs to be
dose reduced. However, in patients with more severe liver disease, dosing is not spec-
ified, and caution or complete avoidance is suggested.
No antidotes are available in the setting of overdose of TPO receptor agonists and

neither drug can be removed by hemodialysis. Furthermore, rapid increases in platelet
count with older TPO receptor agonists were associated with the formation of
PVT.49,50 Patients at higher risk of PVT have a relative, but not necessarily absolute,
contraindication, to use of the newer agents. These patients include those with
advanced hepatocellular carcinoma, Budd-Chiari syndrome, sinusoidal obstructive
syndrome, and those with inherited hypercoagulable states. The presence of slow
portal vein flow (<10 cm/s) and/or prior platelet transfusions within 7 days were also
exclusion criteria in the pivotal studies, and thus patients meeting these conditions
should ideally avoid these agents. Absolute contraindications to use of TPO receptor
agonists include patients with prior PVT or current thrombosis of the portal or mesen-
teric vessels.
Usage of TPO receptor agonists must be timed correctly before the planned date

of the elective procedure. Because of potential delays related to insurance, it is
recommended to prescribe the medication several weeks in advance of the
procedure.
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The dosing of TPO receptor agonists is based on baseline platelet count, and timing
is based on the date of the procedure. Avatrombopag comes in 20-mg tablets. The
dosage of 60 mg/d is used for patients with platelet counts less than 40,000/mL,
whereas the 40 mg dose is used if platelet counts are greater than or equal to
40,000 to 49,000/mL. Both regimens are dosed once daily for 5 days. After the last
dose, the procedure is recommended to be performed 5 to 8 days later. Thus, if
day 1 is designated as the first dose, the procedure can be performed on day 10 to
13. Lusutrombopag has 1 dosing schedule of 3 mg/d for 7 days for patients with
any platelet count less than 50,000/mL. The procedure should be performed in a 7-
day window beginning 1 day after the drug is finished. Assuming day 1 represents
the first dose of lusutrombopag, the procedure is ideally performed on day 9 to 15.
Platelet counts should be obtained on the day of the procedure or the day preceding

to ensure they are at or greater than the desired target range49,50; if they are not,
platelet transfusion may still be necessary. There are no recommendations on check-
ing the platelet count during the course of therapy.
Ideally, the procedure should not be deferred after the patient has started the medi-

cation, and, if the procedure is delayed outside the recommended window, platelet
counts must be rechecked. Prescribing a second course or extending the course of
the dose to accommodate procedure schedule delays was not studied. Thus, it is ideal
to confirm the procedure date with the patient, the proceduralist, and the location earlier
than usual to ensure that rescheduling is unnecessary, that the patient obtained the
medication, and that the patients is completely clear on when to start the medication.
FUTURE STUDIES

Avatrombopag and lusutrombopag are still new, and postmarketing data will be
important to help clinicians refine the use of these agents. At present, none of the
American gastroenterology and hepatology societies have incorporated these agents
into their guidelines. Many questions remain unanswered. These questions include the
appropriate dosing for patients with thrombocytopenia who have platelet goals lower
or higher than 50,000/mL. Furthermore, monitoring of the platelet count during the
course of therapy is not delineated by current prescribing guidelines. It is also unclear
whether additional doses are safe and result in longer duration of increased platelets
counts, or whether repeated courses of the drugs are safe and effective. Although
small studies suggest overall safety with repeated dosing,25,27 the appropriate safety
period between a first and second course has yet to be determined.
In addition, whether or not patients should be monitored for PVT is unclear. It may

be prudent to obtain baseline portal vein imaging with MRI or Doppler ultrasonography
to avoid prescribing these agents in patients with unidentified PVT.
In addition, use of TPO receptor agonists in patients with platelet counts 50,000/mL

or higher in need of neurosurgical procedures that require platelet counts of greater
than 100,000/mL is also unstudied.
Another potential area of study is the effect of TPO receptor agonists on the clotting

and dissolution parameters measured by TEG and ROTEM. If thrombocytopenia is
corrected but the TEG parameters suggest that the patient remains at increased
risk for bleeding based on platelet dysfunction, platelet transfusion may still be neces-
sary. In the clinical trials, the absence of bleeding was used as a surrogate marker for
adequate platelet function.
Although these novel agents are exciting, caution must be exercised. These issues

will be important to revisit in the next few years as more experience with the TPO re-
ceptor agonists is gained.
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SUMMARY

Patients with underlying advanced liver disease develop thrombocytopenia from a va-
riety of mechanisms, and may or may not be at higher risk of bleeding from invasive
procedures than those with normal platelet counts. In patients who need procedures
for which target platelet counts more than 50,000/mL are recommended, the TPO re-
ceptor agonists, avatrombopag and lusutrombopag, are a convenient alternative
method to platelet transfusion to augment platelet counts. These oral agents can be
taken at home before the planned, elective procedure and thus may avoid the routine
use of platelet transfusions normally administered for this purpose. In addition, unlike
the rapid decline in platelet counts observed after platelet transfusion, these agents
provide a more sustained increase in platelet counts, thus allowing a longer window
of opportunity to safely perform the procedure. Avatrombopag and lusutrombopag
are overall safe, without the increased risks of PVT concerns of first-generation
agents, at least in the setting of selection of patients at lowest risk for this complica-
tion. In specific populations of patients with advanced liver disease and severe throm-
bocytopenia for whom an elective procedure is planned, a TPO agonist may be
optimal. However, for certain patients, these agents may be inappropriate, so judi-
cious use is indicated.
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