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NovoSeven® as a universal haemostatic agent

U. Hedner

Initiation of haemostasis involves the formation of a complex between tissue factor (TF) and activated facvor VII {FVIla) following
injury. TF is found in the decper layers of the vessel wall, in atherosclerotic plagues and in some types of tumour cell and is only exposed
to circulating blood after tissue damage. Likewise, FV1I is only enzymatically active when complexed with TF (TE/FVIIa). It has re-
cently been shown that the administration of recombinant activated FVI (rFVIla) in high doses (<100 pg/kg) can induce haemostasis in
the absence of FVII and FIX. In addition, from in-vitro studies it appears that rFVIla can bind with low affinity to the activated platelet
surface and, independently of TE induce the thrombin burst needed for haemostasis. The ability of rFVI1a to compensate for FYVHLFIX
deficiency has been proven clinically in haemophilia patients with life- and imb-threatening bleeds. In addition, patients with congenital
FVII deficiency have been successfully treated for bleeds with rFVIla. Kecombinant FVIIa has been used in patients with platdet disor-
ders; five patients with Glanzmann's thrombasthenia and one with Bernard-Soulier’s thrombasthenia have had bleeding episodes man-
aged effectively. Recombinant FVIIa has also been shown to normalize prothrombin time in patients with liver disease and in warfarin-
treated individuals, Slood Coagrl Fibvinolysis 11 (suppl 1):5107-5111 © 2000 Lippincorn Williams 8 Wilkins.

Keywords: haemostasis, haemophilia, recombinant activated factor VII (rFVIIa), Glanzmann’s thrombasthenia,
Bernard-Soulier’s thrombasthenia
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EDITORIALS

The Coagulopathy of Cirrhosis: Myth or Reality?

l See Article on Page 553 |

he concepr that liver failure results in a profound
coagulopathy is firmly established among hepatolo-
gists.! The origin of the coagulopathy is commaonly
believed to bea defective heparic synthesis of clorting factors,
which is aggravared by the thrombocytopenia caused by por-
tal hypertension.! Hyperfibrinolysis may further contribute
to a bleeding tendency.? In addition, many studies have
shown a decreased hepatic synthesis of coagulation factors,
reflected globally by the prothrombin time (PT). PT is an
excellent marker of liver failure and a strong independent
prognostic indicaror of survival in parients with chronic liver
disease.® As such, new and old models of prognosis for pa-
tients with advanced liver disease include PT as one of its
components. -3
In this issue of HEPATOLOGY, the very interesting paper by
Tripodi et al.® challenges these conceprs. Patients with cir-
rhasis, in spite of abnormal standard coagularion tests (PT
and activated partial thromboplastin time, or APTT), may
generate adequate amounts of thrombin in an in vitre assay
(the endogenous thrombin potential, or ETP) modified by
the addition of thrombomodulin. In their elegant smudy, Tri-
podi er al. show this is mainly due to the fact thar these
patients, in addition to the diminished heparic synthesis of
dotting factors, also have a profound deficit of natural anti-
coagulants, mainly of protein C (a protein synthetized by the
liver), and also of antithrombin, which may counterbalance
the bleeding tendency caused by the deficiency in procoagu-
lants. Based on their findings, Tripedi et al. suggest thar the
feared coaguloparhy of cirthosis is more a myth than a realiry
and that patients with cirrhosis are probably not at an in-
creased risk of bleeding from other causes than the existence
of portal hypertension and its local consequences in the gas-
trointestinal tract (gastroesophageal varices, portal hyperten-
sive gastropathy, and coloparthy).
In our view, although this study supports the view thar
the coagulopathy of cirrhosis is less important than what
suggested by measuring the PT or APTT, the conclusion

Abbreviations: PT, prothrombin time: APTT, activsted parcial thromboplastin
time; ETP, eodagensus thronbin patential
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that the bleeding tendency in cirrhosis is merely due to the
presence of portal hypertension goes beyond what is
shown by their data:

(1) First, they studied a series of stable parients with cir-
rhosis that included only 14 patients in Child-Turcore-
Pugh dlass C. Thus, the number of patients with advanced
liver failure (at risk of exhibiting a severe “coagulopathy™)
was probably too small to establish in this group whether
thrombin generation was adequate or not. This is especially
the case in view of the very large range of values obrained in
control subjects, suggesting the need for a better standardiza-
tion of the test to avoid its large variability.” The argument
that their findings are in keeping with the fact that patients
with cirrhosis do not exhibir soft-tissue hematomas and
hemarthroses is not entirely correct; in fact, spontaneous he-
matomas or after minimal or inadvertent trauma are ex-
tremely common in patients with advanced liver failure and
can be quite severe in some cases.®

(2) Second, the parential contribution of thrombocy-
topenia (and/or plareler dysfuncrion) and hyperfibrinoly-
sis to such a bleeding diathesis is not commented upon, in
spite of documenting a marked reduction of platelet
counts and prolonged bleeding time in their patients.
Thrombocytopenia in cirrhosis can be very profound, and
in these cases there is an increased risk of bleeding com-
plications in invasive procedures and surgery, even with-
out a marked deficit of clotting factors. It should be noted
in this regard that the endogenous thrombin potential was
measured in platelet free plasma; as a result, possible dif-
ferences caused by the plateler number or function were
not evaluared. This is relevant because it has been shown
in previous studies” thar the amount of thrombin gener-
ated depends clearly on platelet count and function, both
of which are frequently altered in cirrhosis.*

(3) Third, the possible role of these coagulation abnor-
malities in worsening the bleeding due o portal hyperren-
sion is not recognized, despite the clinical evidence
indicating that variceal bleeding is more severe, more diffi-
cult to control, and more likely to recur in patients with more
advanced liver failure (with more prolonged PT, and some-
times, but not always, with lower plareler counts) compared
with those with relatively preserved liver funcrion. !

We entirely agree with Tripodi et al. that it is very
unlikely that these coagulation abnormalities play any
role in initiating variceal bleeding. However, we believe
they can be clinically relevant, contributing to aggrava-
tion of the pormal hypertensive bleeding and facilitating
recurrence. This view is compatible with the exploratory
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REVIEW
New Therapeutic Paradigm for Patients With Cirrhosis

Emmanuel A. Tsochatzis,' Jaime Bosch,” and Andrew K. Burroughs'

Cirrhosis is a major health problem, being the 5th cause of death in the U.K. and 12th in
the U.S., but 4th in the 45 to 54 age group. Until recently cirrhosis was considered a single
and terminal disease stage, with an inevitably poor prognosis. However, it is now clear that
1-year mortality can range from 1% in early cirrhosis to 57% in decompensated disease.
As the only treatment for advanced cirrhosis is liver transplantation, what is urgently
needed is strategies to prevent transition to decompensated stages. The evidence we present
in this review clearly demonstrates that management of patients with cirrhosis should
change from an expectant algorithm that treats complications as they occur, to preventing
the advent of all complications while in the compensated phase. This requires maintaining
patients in an asymptomatic phase and not significantly affecting their quality of life with
minimal impairment due to the therapies themselves. This could be achieved with ]ifesty]e
changes and combinations nfalread}r licensed and low-cost drugs, similar to the paradigm
of treating risk factors for cardiovascular disease. The drugs are propranolol, simvastatin,
norfloxacin, and warfarin, which in combination would cost £128/patient annually—
equivalent to U.S. $196/year. This treatment strategy requires randomized controlled
trials to establish improvements in outcomes. In the 2lst century, cirrhosis should
be regarded as a potentially treatable disease with currently available and inexpensive
therapies. (Herarovocy 2012;56:1983-1992)
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Purpose of review

Hemostatic alterations in cirrhosis involve molecular pathways that both promote and
stabilize blood clotting and pathways that mediate clot dissolution. Orthotepic liver
transplantation for end-stage liver disease historically was a long and risky procedure,
accompanied by substantial blood loss. The aim of this review paper is to provide an
overview of recent studies and developments that have gradually changed our

und ding about the h ic system and changes that may occur in patients
undergoing liver transplantation.

Recent findings

Patients with severe liver disease not only have a deficiency of procoagulant and
antifibrinolytic factors, but also have a deficiency of naturally occurring anticoagulants

13:208-308

and profibri ics. Studies using modem laboratory technology have shown that
thrombin generation in these patients is less abnormal than traditionally believed based
on standard ceagulation tests. In addition, clinical observations indicated that patients
with cirrhosis are not protected against thromboembolic complications.

Summary

Hemostatic alterations in cirrhosis concemn both pro- and antihemostatic pathways and
the net result is a rebalancing of the hemostatic system, albeit with narrower margins.
This delicate balance will become precarious when the system is heavily challenged
such as during liver transplantation. The balance may than be turned to either
hypocoagulation or hypercoagulation, making patients with cirrhosis both prone to
bleeding as well as thromboembolic complications.

Keywords
bleeding, hemostasis, liver trangplantation, thrombosis
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Hemostasis in patients with liver disease
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Abstract

In patients with liver disease alterations in the hemostatic system frequently occur. Although it was
generally believed that these changes result in a bleeding tendency, laboratory models and clinical
data have shown evidence for a rebalanced hemostasis in liver disease, as a result of a concomitant
decrease in both pro- and antihemostatic systems. The rebalanced system presumably has much
narrower margins as compared to healthy individuals and therefore can more easily turn to either a
hypo- or hypercoagulable state. Bleeding does occur in patients with liver disease but this is
frequently related to non-hematological factors, for example bleeding from ruptured esophageal
varices. Further clinical data supporting the concept of rebalanced hemostasis include the lack of
major blood loss in a great proportion of patients during liver transplantation and the fact that
patients with liver disease are not fully protected from thromboembolic complications including
venous thrombosis and thrombosis of the hepatic vessels. It is still common practice to
prophylactically treat patients with liver disease prior to invasive procedures to prevent bleeding.
Because of a lack of data supporting the effectiveness of this management and the proven side-
effects of transfusion of blood products, we believe transfusion of blood products can and should be
restricted. The most important thrombotic problem after liver transplantation is hepatic artery
thrombosis, a potentially devastating complication. Since the bleeding tendency in patients with liver
disease may not be primarily caused by a deranged hemaostatic system, the restricted use of
anticoagulant drugs in the post-transplant setting should be reconsidered.



What have we learned?

Agreements and points of discussion.



Bleeding complications in liver disease:
often unrelated to hemostatic failure

Portal hypertension:
Bleeding from
esophageal varices
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Mechanical insult and trauma

Hepatology. 2021;73(1):366-413.




Procedural bleeding in liver disease is rare

20 centers

5 countries

1187 patients
3006 procedures

Total procedure-related bleeding: 93

Any bleeding:  6.9% of admissions
3.0% of procedures

Major bleeding: 2.3% of admissions
0.9% of procedures
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Bleeding liver disease is not predicted by PT/INR or platelet count
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Systematic review with meta-analysis: abnormalities in
the international normalised ratio do not correlate with
periprocedural bleeding events among patients with cirrhosis
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Risk factors for procedural bleeding

Patient/disease factors
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Severity of liver disease Portal Anemia Infection Renal Anticoagulants
hypertension impairment Antiplatelets

Procedural factors

Procedural bleeding risk Imaging guidance Proceduralist experience
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Haemostasis in cirrhosis: Understanding destabilising factors
during acute decompensation

Alberto Zanetto*, Patrick Northup”, Lara Roberts®, Marco Senzolo "

Summary

Hospitalised patients with decompensated cirrhosis are in a rebalanced haemostatic state due to a parallel decline in both pro-
and anti-haemostatic pathways. However, this rebalanced haemostatic state is highly susceptible to perturbations and may easily
tit towards hypocoagulability and bleeding. Acute kidney injury, bacterial infections and sepsis, and progression from acute
decompensation to acute-on-chronic liver failure are associated with additional alterations of specific haemostatic pathways and
a higher risk of bleeding. Unfortunately, there is no single laboratory method that can accurately stratify an individual patient’s
bleeding risk and guide pre-procedural prophylaxis. A better understanding of haemostatic alterations during acute illness would
lead to more rational and individualised management of hospitalised patients with decompensated cirrhosis. This review will
outline the latest findings on haemostatic alterations driven by acute kidney injury, bacterial infections/sepsis, and acute-on-
chronic liver failure in these difficult-to-treat patients and provide evidence supporting more tailored management of bleeding risk.

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/). Lm
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Acute kidney injury, but not sepsis, is associated with higher
procedure-related bleeding in patients with decompensated
cirrhosis

Adelina Hung' ® | Guadalupe Garcia-Tsao'*?

21 patients with post-paracentesis
hemoperitoneum
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Abstract

Keywords

= liver disease

= critical care

= hemorrhage

= VEnous
thremboembolism

Introduction Hemorrhage and venous thremboembolism (VWTE) are recognized
complications of chronic liver disease (CLD), but their prevalence and risk factors in
critically ill patients are uncertain.

Patients and Methods We studied a retrospective cohort of patients with CLD
nonelectively admitted to a specialist intensive care unit (ICU) determining the
prevalence and timing of major bleeding and VTE (early, present on admission/
diagnosed within 48 hours; later, diagnosed =48 hours post-ICU admission). Associa-
tions with baseline clinical and laboratory characteristics, multiorgan failure (MOF),
blood product administration, and mortality were explored. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated using logistic regression.

Results Of 623 patients with median age 52, bleeding (=48 hours after admission)
occurred in 87 (14%) patients. Bleeding was associated with greater illness severity and
increased mortality. Gastrointestinal bleeding accounted for 72% of events, secondary to
portal hypertension in >90%. Procedure-related bleeding was uncommon. VTE occurred in
125 (20%) patients: early VTE in 80 (13%) and involving the portal vein in 85%. Later VTE
affected 45 (7.2%) patients. Hepatocellular carcinoma (HCC) and nonalcoholic liver disease
were independently associated with early VTE(OR: 2.79, 95% Cl: 1.5-5.2 and OR: 2.32, 95%
ClI: 1.4-3.9, respectively), and HCC, sepsis, and cryoprecipitate use with late VTE (OR: 2.45,
95% CI: 1.11-5.43; OR: 2.26, 95% ClI: 1.2-4.3; and OR: 2.60, 95% Cl: 1.3-5.1).
Conclusion VTE was prevalent on admission to critical care and less commonly
developed later. Bleeding was associated with MOF and increased mortality. Severe
MOF was not associated with an increased rate of VTE which was linked with HCC, and
specific etiologies of CLD.



Destabilising factors

« Lead to additional changes in hemostasis

« Whether these additional changes in hemostasis
promote bleeding is unclear



Labvalues should be interpreted together with
clinical observations
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Whole blood thrombin generation shows a significant
hypocoagulable state in patients with decompensated cirrhosis
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“These results would challenge the current knowledge, primarily based on
PPP-TG, that patients with cirrhosis have a normal to increased TG
capacity independently of liver disease severity.”



Labvalues should be interpreted together with
clinical observations
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Thrombin generation in cirrhosis: whole blood, whole truth?
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Impaired whole blood thrombin generation is associated with
procedure-related bleeding in acutely
decompensated cirrhosis
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Whole blood tests are as confusing as plasma-
based tests

Table 3. Comparison of Standard Hemostatic Laboratory Tests and Thromboelastography (TEG) Parameters Berween Patients with
Acure Liver Injury (ALLfAcure Liver Failure (ALF) and Cirrhosis

Parameter | Normal range | ALVALF (N=51) | Cirrhosis (N=273) | Cirrhosis INR 21.5 (N=48)
Standard hemostatic laboratory tests

INR 0.9-1.1 3.421.7 1.320.3 1.7:0.4"
Fibrinogen (mg/dL) 200-450 195+84 263108 179+89
Placelers (x 10%L) 172440 18695 112:79 B4z46

TEG parameters’

Reacrion time (min) 2575 47219 44212 4215

e 0.8-2.8 17 [0.8-200] | 2.2 [0.8-16.6] 2.8 [1.2-16.6)**
ot-angle (degrees) 55.2-78.4 63.7+122 62.6+9.3 58.1=10.8*
Maximum amplitude (mm) S0.6—69.4 55.0£10.9 51.5210.4* 45,0299
Lysis-30 (%) 0.0-7.5 0.0 [0.0-2.1] 0.5 [0.0-5.2]" 0.25 [0.0-3.2]*

Parients with ALI/ALF have been described in derail.™ Parients with cirrhosis and an international normalized ratio (INR)
of 1.5 or greater were selecred from the overall cirrhosis cohort. Mormal range is for the local laboratory. Values are given as
meantstandard deviarion or median [range] (BT Srravirz, unpublished data).

*Pe 5. **P=001. "P<0001. All comparisons are versus ALIALF. *TEG was performed on a Thrombelastograph Haemostasis

Analyzer 5000 (Haemonetics Corp., Haemoscope Division). Cloming was initiated ar 37°C by the addition of kaolin to 0.34 mL
of recalcified blood.



Whole blood tests are as confusing as plasma-
based tests

Admission Day 4

Day 2 Day 3 Day 5
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Hepatology74(2):937-949, August 2021.

FIBTEMINTEMEXTEMINTEMEXTEMINTEMEXTEMINTEMEXTEM

Non-APAP



Why do TEG and ROTEM give different information in
liver disease?

* Trigger in TEG is weaker than in ROTEM
» More ‘chance’ for anticoagulant systems to kick in

« ROTEM more driven by procoagulants and therefore more often
abnormal in liver disease (= closer to a PT than a TEG)



Portal vein during
cirrhosis and PVT
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Cirrhotic portal vein thrombosis as a vascular rather than a
thrombotic disorder

with PVT. This maladaptive response, including the
accumulation of extracellular material and increased
cellularity, leads to luminal narrowing. The fibrotic
nature of the occlusive material suggests that terms
like “portal vein stenosis™ or "nonmalignant portal vein
occlusion” that have been suggested based on previous
studies could indeed be more descriptive of the under-
lying vascular pathology.™



In summary:

Management of bleeding and thrombosis in liver
disease has substantially changed in the past 25
years

We are not there yet....

Collaboration between institutes and between
clinicians and basic scientists is key

We need to move from confirming to innovating



“Let’s join hands to transfuse smarter in liver disease”

Principal Investigators:
* Amber Afzal (USA)
* Simon Stanworth (UK)

PariCer

Practice of TRansfusion In Cirrhosis

An Internation Audit and Feedback by the ISTH SCC on

“Hemostasis and Thrombosis in Liver Disease”
e 10-15 days of patient recruitment
* Up to 28 days of data collection

*Please email afzalamber@wustl.edu or suzanne.maynard@trinity.ox.ac.uk to participate



mailto:afzalamber@wustl.edu
mailto:suzanne.maynard@trinity.ox.ac.uk
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