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Risk of Bleeding in
End-Stage Liver
Disease Patients

Undergoing Cardiac Catheterization

Patients with end-stage liver disease frequently have baseline coagulopathies. The interna-
tional normalized ratio is in common use for the estimation of bleeding tendency in such
patients, especially those undergoing an invasive procedure like cardiac catheterization.
The practice of international normalized ratio measurement—tfollowed by pharmacologic
(for example, vitamin K or fresh frozen plasma) or nonpharmacologic intervention—is still
debatable. The results of multiple randomized trials have shown the superiority of the ra-
dial approach over femoral access in reducing catheterization bleeding. This reduction in
bleeding in turn decreases the risk and cost of blood-product transfusion. However, there
is little evidence regarding the use of the radial approach in the end-stage liver disease
patient population specifically. In this review, we summarize the studies that have dealt
with cardiac catheterization in patients who have end-stage liver disease. We also discuss
the role of the current measurements that are used to reduce the risk of bleeding in these
same patients. (Tex Heart Inst J 2015;42(5):414-8)

ultiple pathologic processes play an important role in the hemostasis of
patients with end-stage liver disease (ESLD)."* Most of the coagulation
factors are decreased in the presence of ESLD. The exceptions are factor
VIII and von Willebrand factor, which typically increase in quantity, because their
chief producers are extrahepatic sites."? The decrease in coagulation factors that ac-
companies ESLD is also balanced by a parallel decrease in the natural anticoagulants,
such as protein C and protein S, which usually maintains a net balanced hemostasis.'

Because both pro- and antifibrinolysis proteins are synthesized predominantly in
the liver, they also decrease in the presence of ESLD.** As a consequence, ESLD pa-
tients can present with a wide spectrum of hemostatic abnormalities, depending on
the net balance of these processes.'

The international normalized ratio (INR)—originally established to evaluate the
degree of anticoagulation achieved by vitamin K antagonists—is also commonly used
to evaluate the activity of the intrinsic pathway coagulation factors.” Multiple stud-
ies”"? have discussed the use of the INR to evaluate the bleeding tendency in patients
with ESLD. When Tripodi and colleagues® compared in vitro the blood samples of
134 cirrhotic patients with those of healthy members of a control group, thrombin
generation was found to be higher in the cirrhotic group (0.8 vs 0.17), even though
the INR was higher in the cirthotic group (1.2 vs 0.9; P <0.001).° Accordingly, the
INR has been shown to correlate poorly with bleeding in studies that involve invasive
procedures, including liver biopsy and paracentesis."

Cardiac catheterization is commonly performed in ESLD patients as a part of the
pre-transplant evaluation.” The American Association for the Study of Liver Disease
recommends performing a lefe-sided heart catheterization (LHC), a right-sided heart
catheterization (RHC), or both, as a confirmatory test for evaluation before trans-
plantation in patients with abnormal noninvasive-test results (class II recommenda-
tion).” However, the routine incorporation of cardiac catheterization as part of the
pre-transplant evaluation is uncertain (appropriate-use score of 5 out of 9, according to
the American College of Cardiology’s (ACC’s) appropriate-use criteria for diagnostic
catheterization)." Measurement of INR before cardiac catheterization is in fact rec-
ommended by the ACCP for patients with known hepatic disease. However, there is a
paucity of data regarding the efficacy of INR in ascertaining bleeding risks in ESLD
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patients before they undergo cardiac catheterization.
Similarly, the benefits of administering, before cardiac
catheterization, fresh frozen plasma (FFP), vitamin K,
or recombinant factor VIIa (rFVIIa) to decrease the in-
cidence of bleeding are not well established.

Methods

We used the Medline database in conducting our re-
view of the literature. The MeSH keywords “end stage
liver disease,” “liver diseases, alcoholic,” “blood coagu-
lation disorders,” “liver transplantation,” “cardiac cath-
eterization,” and “bleeding” were used in our search.
Studies were included if they were conducted on ESLD
patients who were undergoing cardiac catheterization
with postprocedural bleeding as an outcome. We found
7 retrospective studies that considered the topic of INR
and post-catheterization bleeding in ESLD patients
(Table I'*#).

Pharmacologic Approaches to Reducing the
Risk of Bleeding after Cardiac Catheterization

Role of Fresh Frozen Plasma Administration. In 2005,
Vaitkus and colleagues'® conducted a retrospective study
involving 79 ESLD patients who underwent RHC and
LHC from 2002 through 2004. The mean INR was
1.49 + 0.44, and approximately 40% of the patients had
an INR >1.5. Only 4 patients (5%) were given FFP be-
fore the procedure, and one patient (1.3%) had a major
adverse outcome in the form of a pseudoaneurysm. The
authors concluded that cardiac catheterization was fea-
sible in ESLD patients, with an acceptably low risk of
post-catheterization bleeding and without the routine
administration of FFP before the procedure.'

In 2009, Sharma and associates” published a retro-
spective case-control study that matched (for left-sided
heart catheterization) 88 ESLD patients with a control
group of 81 patients who had no known history of liver
disease. The primary sequelae were vascular, with major
bleeding in accordance with the criteria of the Random-
ized Evaluation in PCI Linking Angiomax to Reduced
Clinical Events (REPLACE)-2 trial.”® The mean INR
was 1.6 £ 0.1 in the ESLD group, in comparison with
1.1 £ 0 in the control group. Major bleeding occurred
more frequently in the ESLD than in the control-group
patients (14.8% vs 3.7%). Five patients in the ESLD
group had a pseudoaneurysm, versus 1 patient in the
non-ESLD group. Forty percent of ESLD patients were
given FFP 24 hours before and after the catheteriza-
tion. Although the study showed a statistically signifi-
cant higher incidence of major bleeding (P=0.014), this
was driven mainly by the periprocedural increase in the
transfusion of blood products. The incidence of life-
threatening intracranial and retroperitoneal bleeding
was nil in both groups, which might be attributed to
the prophylactic administration of FFP.”
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Pillarisetti and coworkers'" conducted a retrospective
study that compared 43 ESLD patients with similar
patients (without a history of liver disease). The mean
INR in the ESLD group was 1.4 £ 0.2, compared with
1.1 £ 0.2 in the control group. Only 3 of 12 patients
with INR >1.6 in the ESLD group were given FFP. One
patient from the ESLD group developed minor groin
bleeding, and no patients from either group received
packed red blood cells after transfusion. The study
showed an overall low incidence of FFP administration
to ESLD patients before cardiac catheterization, and a
low risk of major bleeding after the procedure.”

Another retrospective study, by Townsend and col-
leagues,” involved 240 ESLD patients who underwent
either RHC or LHC. Patients were divided into 2 major
groups, LHC and RHC, and each group was further di-
vided into high (>1.5) and low (<1.5) INR groups. Only
7% of the RHC and LHC patients received FFP before
the procedure. The primary outcome was the reduc-
tion in postprocedural hemoglobin in each group. The
change in hemoglobin was not significant in either the
RHC group (10.5 vs 10.5 g/dL, P=0.83) or the LHC
group (11.1 vs 11 g/dL, P=0.83). In addition, the reduc-
tion in hemoglobin between high and low INR groups
was not significant in either LHC or RHC patients, in-
dicating that high INR levels did not necessarily mean
a higher risk of bleeding in ESLD patients.”

Role of Vitamin K Administration. The use of vitamin
K to correct coagulopathy in ESLD patients is debat-
able. The main purpose behind vitamin K adminis-
tration in such a population is to replenish vitamin K
deficiency that might occur because of malnutrition or
cholestasis.” A study by Saja and associates® illustrated a
modest improvement of vitamin K-dependent procoag-
ulants after the administration of intravenous vitamin
K to ESLD patients.” The use of vitamin K for correc-
tion of other bleeding sequelae, such as gastrointestinal
bleeding in ESLD patients, is a common practice but is
not supported by solid clinical evidence.”

Role of Recombinant Factor VIla Administration.
Recombinant factor V1la, which is produced in vitro
by recombinant DNA technology, had been used off-
label for treatment of postsurgical bleeding in ESLD
patients.”” Multiple trial investigators have evaluated
the efficacy of rtFVIla in preventing bleeding after liver
biopsy and liver transplant surgery.*** The primary out-
come in most of the trials was the number of packed red
blood cells transfused.”**"** There was no difference
in the number of blood units administered to rFVIla
and non-rFVIla groups. Meanwhile, the results of an-
other study? showed that the risk of thromboembolism
was 20% in the rFVIIa group versus 10% in the non-
tFVIla group. It appears from these studies that the role
of rFVIIa as an intervention to minimize the bleeding
risk in patients with ESLD before cardiac catheteriza-
tion remains questionable.
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Nonpharmacologic Interventions to Reduce the
Risk of Bleeding after Cardiac Catheterization

Transradial versus Transfemoral Access. Transradial ac-
cess has been shown in multiple randomized clinical tri-
als to be a safer approach for LHC, with fewer bleeding
and vascular complications.”* The safety of transradial
access for LHC in ESLD patients has also been verified
by investigators in a few retrospective studies.””** Jacobs
and colleagues® studied 82 ESLD patients who under-
went both LHC through the radial artery and RHC
through either the brachial or femoral vein. The base-
line INR was 1.4 (range, 1.2-1.8). Two patients (2%)
had a major bleeding episode unrelated to the radial
artery site, and no patient had any vascular sequela after
catheterization.”

The investigators in another study® compared trans-
radial access in liver-transplant candidates with that
of non-liver-transplant candidates. Although the liver-
transplant group had a lower platelet count at base-
line (75,000 vs 237,000/mm?, P <0.01) and a higher
INR (1.7 vs 1.1, P <0.01), there was no difference in
the incidence of vascular and bleeding sequelae (1% in
both groups). Of note, the incidence of blood-product
transfusion was 3% in the group of liver-transplant can-
didates, and all transfusions were administered prophy-
lactically before the procedure. The primary outcome
of the study was the rate of failure of transradial access,
which was similar in both groups (10% in liver-trans-
plant vs 7% in non-liver-transplant candidates).”

Feng and associates” compared transradial with
transfemoral approaches in ESLD patients, in regard to
bleeding and vascular sequelaec (N=334 patients). The
transradial group had a significantly lower hemoglobin
level (10.4 £ 1.9 vs 11.1 £ 2.02 g/dL, P=0.001) and a
significantly higher INR (1.94 £ 1.16 vs 1.59 £ 0.62,
P=0.0001) at baseline. The transradial group had lower
incidences of pseudoaneurysm formation (0 vs 3.7%,
P=0.019) and hematocrit reduction (5.4% vs 7.8%,
P=0.0393). However, there were no bleeding compli-
cations in either group.”? All of these studies illustrate
the feasibility of the transradial approach, with its lower
incidence of bleeding and procedure-related vascular se-
quelae. It is worth mentioning that the mean INR levels
for the ESLD patients in all the previously mentioned
studies were less than 2 and that almost no data exist
regarding the subset of ESLD patients with an INR
level of more than 2.

Conclusion

The current evidence is derived chiefly from retrospec-
tive studies and does not support prophylactic FFP
administration in ESLD patients who are undergoing
cardiac catheterization. The use of rFVIIa before car-
diac catheterization is still questionable and might be
associated with a higher frequency of venous throm-
boembolic events. Transradial arterial access for LHC

Texas Heart Institute Journal

appears to be a safer approach, with fewer bleeding and
vascular complications. Future studies and random-
ized trials are needed to further determine the best ap-
proach to minimizing the bleeding risk in the ESLD
patient population.

References

1. Tripodi A, Mannucci PM. The coagulopathy of chronic liver
disease. N Engl ] Med 2011;365(2):147-56.

2. Jacquemin M, Neyrinck A, Hermanns MI, Lavend homme
R, Rega F, Saint-Remy JM, et al. FVIII production by human
lung microvascular endothelial cells. Blood 2006;108(2):515-
7.

3. Colucci M, Binetti BM, Branca MG, Clerici C, Morelli A,
Semeraro N, Gresele P. Deficiency of thrombin activatable
fibrinolysis inhibitor in cirrhosis is associated with increased
plasma fibrinolysis. Hepatology 2003;38(1):230-7.

4. Lisman T, Leebeek FW, Mosnier LO, Bouma BN, Meijers
JC, Janssen HL, et al. Thrombin-activatable fibrinolysis in-
hibitor deficiency in cirrhosis is not associated with increased
plasma fibrinolysis. Gastroenterology 2001;121(1):131-9.

5. DPoller L. International Normalized Ratios (INR): the first 20
years. ] Thromb Haemost 2004;2(6):849-60.

6. Tripodi A, Primignani M, Chantarangkul V, Dell’Era A,
Clerici M, de Franchis R, et al. An imbalance of pro- vs anti-
coagulation factors in plasma from patients with cirrhosis.
Gastroenterology 2009;137(6):2105-11.

7. Ewe K. Bleeding after liver biopsy does not correlate with in-
dices of peripheral coagulation. Dig Dis Sci 1981;26(5):388-
93.

8. McGill DB, Rakela J, Zinsmeister AR, Ott BJ. A 21-year ex-
perience with major hemorrhage after percutaneous liver bi-
opsy. Gastroenterology 1990;99(5):1396-400.

9. Diaz LK, Teruya]J. Liver biopsy. N Engl ] Med 2001;344(26):
2030.

10. Terjung B, Lemnitzer I, Dumoulin FL, Effenberger W,
Brackmann HH, Sauerbruch T, Spengler U. Bleeding com-
plications after percutaneous liver biopsy. An analysis of risk
factors. Digestion 2003;67(3):138-45.

11.  Grabau CM, Crago SF, Hoff LK, Simon JA, Melton CA, Ott
BJ, Kamath PS. Performance standards for therapeutic ab-
dominal paracentesis. Hepatology 2004;40(2):484-8.

12. Segal JB, Dzik WH; Transfusion Medicine/Hemostasis
Clinical Trials Network. Paucity of studies to support that ab-
normal coagulation test results predict bleeding in the setting
of invasive procedures: an evidence-based review. Transfusion
2005;45(9):1413-25.

13.  Martin P, DiMartini A, Feng S, Brown R Jr, Fallon M. Evalu-
ation for liver transplantation in adults: 2013 practice guideline
by the American Association for the Study of Liver Diseases
and the American Society of Transplantation. Hepatology
2014;59(3):1144-65.

14. Patel MR, Bailey SR, Bonow RO, Chambers CE, Chan PS,
Dehmer GJ, et al. ACCF/SCAI/AATS/AHA/ASE/ASNC/
HFSA/HRS/SCCM/SCCT/SCMR/STS 2012 appropri-
ate use criteria for diagnostic catheterization: a report of the
American College of Cardiology Foundation Appropriate Use
Criteria Task Force, Society for Cardiovascular Angiography
and Interventions, American Association for Thoracic Sur-
gery, American Heart Association, American Society of Echo-
cardiography, American Society of Nuclear Cardiology, Heart
Failure Society of America, Heart Rhythm Society, Society of
Critical Care Medicine, Society of Cardiovascular Computed
Tomography, Society for Cardiovascular Magnetic Reso-

Cardiac Catheterization in End-Stage Liver Disease 417

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-01-05



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

418

nance, and Society of Thoracic Surgeons. ] Am Coll Cardiol
2012;59(22):1995-2027.

Bashore TM, Balter S, Barac A, Byrne JG, Cavendish J],
Chambers CE, et al. 2012 American College of Cardiology
Foundation/Society for Cardiovascular Angiography and In-
terventions expert consensus document on cardiac catheter-
ization laboratory standards update: a report of the American
College of Cardiology Foundation Task Force on Expert
Consensus documents developed in collaboration with the
Society of Thoracic Surgeons and Society for Vascular Medi-
cine. ] Am Coll Cardiol 2012;59(24):2221-305.

Vaitkus PT, Dickens C, McGrath MK. Low bleeding risk
from cardiac catheterization in patients with advanced liver
disease. Catheter Cardiovasc Interv 2005;65(4):510-2.
Sharma M, Yong C, Majure D, Zellner C, Roberts JP, Bass
NM, et al. Safety of cardiac catheterization in patients with
end-stage liver disease awaiting liver transplantation [pub-
lished erratum appears in Am J Cardiol 2009;103(9):1332].
Am J Cardiol 2009;103(5):742-6.

Pillarisetti J, Patel P, Duthuluru S, Roberts J, Chen W, Gen-
ton R, et al. Cardiac catheterization in patients with end-stage
liver disease: safety and outcomes. Catheter Cardiovasc Interv
2011;77(1):45-8.

Townsend JC, Heard R, Powers ER, Reuben A. Usefulness
of international normalized ratio to predict bleeding compli-
cations in patients with end-stage liver disease who undergo
cardiac catheterization. Am J Cardiol 2012;110(7):1062-5.
Jacobs E, Singh V, Damluji A, Shah NR, Warsch JL, Ghanta
R, et al. Safety of transradial cardiac catheterization in pa-
tients with end-stage liver disease. Catheter Cardiovasc Interv
2014;83(3):360-6.

Huded CP, Blair JE, Sweis RN, Flaherty JD. Transradial car-
diac catheterization in liver transplant candidates. Am J Car-
diol 2014;113(10):1634-8.

Feng K, Gupta V, Terrazas E, Yeghiazarians Y, Ports T, Grego-
ratos G, et al. Trans-radial versus trans-femoral access in
patients with end-stage liver disease undergoing cardiac cath-
eterization. Am ] Cardiovasc Dis 2014;4(3):133-9.

Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS,
Jackman JD, et al. Bivalirudin and provisional glycoprotein
IIb/11Ta blockade compared with heparin and planned glyco-
protein IIb/IIIa blockade during percutaneous coronary inter-
vention: REPLACE-2 randomized trial [published erratum
appears in JAMA 2003;289(13):1638]. JAMA 2003;289(7):
853-63.

Shah NL, Intagliata NM, Northup PG, Argo CK, Caldwell
SH. Procoagulant therapeutics in liver disease: a critique and
clinical rationale. Nat Rev Gastroenterol Hepatol 2014;11
(11):675-82.

Cardiac Catheterization in End-Stage Liver Disease

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Saja MF, Abdo AA, Sanai FM, Shaikh SA, Gader AG. The
coagulopathy of liver disease: does vitamin K help? Blood Co-
agul Fibrinolysis 2013;24(1):10-7.

Marti-Carvajal AJ, Sola I. Vitamin K for upper gastrointes-
tinal bleeding in patients with acute or chronic liver diseases.
Cochrane Database Syst Rev 2012;9:CD004792.

Al-Ruzzeh S, Navia JL. The “off-label” role of recombinant
factor VIla in surgery: is the problem deficient evidence or de-
fective concept? ] Am Coll Surg 2009;209(5):659-67.
Planinsic RM, van der Meer J, Testa G, Grande L, Candela A,
Porte RJ, et al. Safety and efficacy of a single bolus adminis-
tration of recombinant factor V1la in liver transplantation due
to chronic liver disease. Liver Transpl 2005;11(8):895-900.
Lodge JP, Jonas S, Jones RM, Olausson M, Mir-Pallardo J,
Soefelt S, et al. Efficacy and safety of repeated perioperative
doses of recombinant factor VIIa in liver transplantation.
Liver Transpl 2005;11(8):973-9.

Jeffers L, Chalasani N, Balart L, Pyrsopoulos N, Erhardtsen
E. Safety and efficacy of recombinant factor VIla in patients
with liver disease undergoing laparoscopic liver biopsy. Gas-
troenterology 2002;123(1):118-26.

Lodge JP, Jonas S, Oussoultzoglou E, Malago M, Jayr C,
Cherqui D, et al. Recombinant coagulation factor VIIa in
major liver resection: a randomized, placebo-controlled, dou-
ble-blind clinical trial. Anesthesiology 2005;102(2):269-75.
Shao YF, Yang JM, Chau GY, Sirivatanauksorn Y, Zhong SX,
Erhardtsen E, et al. Safety and hemostatic effect of recombi-
nant activated factor VII in cirrhotic patients undergoing par-
tial hepatectomy: a multicenter, randomized, double-blind,
placebo-controlled trial. Am J Surg 2006;191(2):245-9.
Wang YB, Fu XH, Wang XC, Gu XS, Zhao Y], Hao GZ, et
al. Randomized comparison of radial versus femoral approach
for patients with STEMI undergoing early PCI following in-
travenous thrombolysis. ] Invasive Cardiol 2012;24(8):412-6.
Romagnoli E, Biondi-Zoccai G, Sciahbasi A, Politi L, Rigat-
tieri S, Pendenza G, et al. Radial versus femoral randomized
investigation in ST-segment elevation acute coronary syn-
drome: the RIFLE-STEACS (Radial versus Femoral Ran-
domized Investigation in ST-Elevation Acute Coronary
Syndrome) study. ] Am Coll Cardiol 2012;60(24):2481-9.
Brueck M, Bandorski D, Kramer W, Wieczorek M, Holtgen
R, Tillmanns H. A randomized comparison of transradial
versus transfemoral approach for coronary angiography and

angioplasty. JACC Cardiovasc Interv 2009;2(11):1047-54.

Volume 42, Number 5, 2015

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-01-05



