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Abstract

Despite advances in anaesthesiological and surgical techniques,
cardiac surgery in cirrhotic patients remains hazardous. This
report outlines our experience with haemostasis monitoring in two
consecutive cases of sequential aortic valve replacement and liver
transplantation. Clotting disturbances proved to have fatal conse-
quences since one of these patients died following massive lung
embolism. The second patient underwent successfully this com-
bined procedure and is in good clinical state 14 months postopera-
tively. Evaluation and discussion of the coagulation monitoring by
the Sonoclot Analyzer in both patients and related therapeutic sug-
gestions for the prevention of thrombotic events are discussed.
(Acta gastro enterol. belg., 2010, 73, 65-68).

Introduction

Despite advances in anaesthesiological and surgical
techniques, cardiac surgery in cirrhotic patients remains
hazardous. Overall morbidity and mortality in the pres-
ence of cirrhosis is high, especially in Child-Pugh class
B/C or high Model of End Stage Liver Disease (MELD)
score patients (1,2). Klemperer et al. have reported in
Child B patients undergoing cardiac operations 100%
major morbidity and 80% mortality rates (3). Death
events were related to post-operative infectious and hem-
orrhagic complications culminating with hepatic and
multi-system organ failure. Interestingly, in the same
study Child class A cirrhotic patients had major compli-
cations in 25% of the cases but did not suffer any periop-
erative mortality. These data suggest that patients with
advanced liver failure have poor tolerance for cardiopul-
monary bypass and an unacceptable operative risk for
cardiac surgery. Combined cardiac surgery and liver
transplantation (LT) would be an attractive procedure to
improve outcomes (4). Aortic valve stenosis with termi-
nal liver disease requiring liver transplantation is an
extremely rare setting. To our knowledge, there are only
three cases of combined aortic valve replacement (AVR)
and liver transplantation reported with uncertain out-
come (5-7). We discuss herein haemostasis monitoring
by the Sonoclot analyzer and perioperative management
of two consecutive cases of sequential aortic valve
replacement and liver transplantation. 

Cases

Patient 1 : 55 year-old man with alcoholic liver
cirrhosis  and aortic valve stenosis was evaluated for

combined AVR+LT in our institution in October 2006.
Trans oesophageal echocardiography (TEE) showed an
aorta insufficiency grade 2, a calcified aorta valve with a
peak valvular gradient of 44 mmHg (mean gradient of
18 mmHg) and an aorta valve area of 1.28 cm2. Mitral
valve insufficiency grade 3/4, slightly dilated left ventri-
cle and normal systolic function (estimated ejection frac-
tion 50%) were also diagnosed. In July 2007 a deceased-
donor liver graft became available. At that time he was
Child-Pugh score C with a lab MELD of 35. Sonoclot
Coagulation Analyzer was preoperatively used (8). The
Sonoclot Analyzer is an in vitro method for analysis of
the coagulation process from the start of fibrin forma-
tion, through polymerization of the fibrin monomer,
platelet interaction, and eventually to clot retraction and
lysis. The system measures the changes in the viscoelas-
tic properties of whole blood during the clotting process.
An open-ended plastic probe vibrates vertically
immersed in a cuvette containing a 0.4 mL sample of
whole blood. The curve or signature reflects the change
in viscoelasticity from liquid to solid state (Fig. 1).
Preoperative laboratory values of coagulation markers,
platelet count and Sonoclot analysis revealed a severely
compromised coagulation (Table 1, Fig. 1). From start of
induction till the start of cardiopulmonary bypass (CPB),
a high dose aprotinin was initiated after induction (9).
Before aortic and right atrial cannulation for CPB,
300 IU/kg of unfractionated heparin were administered.
In order to avoid further dilution of coagulation factors,
the priming of the CPB circuit was done with fresh
frozen plasma and aprotinin. Duration of the CPB was
96 minutes and total aortic cross-clamp time was 58 min-
utes. After aortic valve replacement, the remaining
heparin was reversed with protamine sulphate. Sonoclot
analysis showed a small improvement as reflected by a
decreased activated clotting time (ACT) and increased
clot rate, compared to the preoperative analysis (Fig. 1).
Liver transplantation followed immediately after closure
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Patient 2 : A 49 year-old man suffering of compensat-
ed alcoholic liver cirrhosis and portal hypertension.
Because of oesophageal bleeding a transjugular intra-
hepatic porto-systemic shunt was positioned in
November 2005 and he was referred for LT in January
2007 (Table 1). TEE showed a severe calcified aortic
valve with a severe stenosis (peak valvular gradient of
67 mmHg and mean gradient of 44 mmHg) and an aorta
valve area of 1.03 cm2. Moderate mitral insufficiency
(grade 2/4), tricuspid insufficiency (grade 1 /4), normal
systolic function and a mild pulmonary artery hyper -
tension (47 mmHg of systolic pressure) were also
diagnosed . When a deceased donor liver graft became
available at the end of August 2007 he was Child-Pugh
score C with a lab MELD of 29. The length of CPB was
67 minutes (similar protocol as patient 1): the AVR was
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of sternotomy. During hepatectomy, an old thrombus
inside the portal vein was unexpectedly found. Sonoclot
showed further improvement of ACT and clot rate
towards normal values but no improvement in platelet
function was noticed. Based on this analysis and the
diffuse  oozing during anhepatic phase, it was decided
to administer 10 units of blood platelets. After infusion
of 3 units a sudden change from a hypocoagulable to a
hypercoagulable state witnessed by an ACT value below
normal in combination with a supra normal clot rate and
a normal platelet function was recorded (Fig. 1). The
patient became hemodynamically instable and massive
pulmonary thrombosis led him to death. Fresh clots were
revealed in the vena cava inferior until the right atrium
and ventricle. The graft still kept in cold bag was suc-
cessfully implanted in another patient. 

Table 1. — Clotting parameters in both patients

Fig. 1. — Evolution of clot rate and platelet function in patient 1.
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successful and LT followed sequentially. Coagulation
parameters (platelets of 40 � 10-3 and a relative high fib-
rinogen value) were almost normal until total hepatec -
tomy. However, due to the low plasma level of anti -
thrombin III (AT-III), we decided to administer 1000 IU
instead of fresh frozen plasma or thrombocytes. Mild
heparinization (250 IU) was also given to improve at the
same time coagulation and to avoid thromboembolic
phenomena. Sonoclot showed a coagulation profile
slightly under the normal values during the entire LT pro-
cedure (Table 1, Fig. 2). Reperfusion was uneventful and
the cardiac function remained stable during the whole LT
procedure. Thereafter, coagulation was corrected by
administration of 3 units of fresh frozen plasma and eight
units of thrombocytes. The patient was awakened and
extubated 4 hours after surgery. The hepatic and cardiac
function remained good. TEE showed aortic valve pros-
thesis with a peak gradient of 26 mmHg and a mean gra-
dient of 11 mmHg. After 15 days he was transferred to
the ward and dismissed on postoperative day 31. The
patient is alive and in good clinical conditions 19 months
postoperatively. 

Discussion 

To date, 2 out of 3 described cases of AVR + LT have
been successful (5-7). Combining AVR plus LT instead of
performing deferred procedures is supported by several
arguments. Liver transplantation in patients with cardiac
disease may enhance the risk of myocardial ischemia,
perioperative bleeding, renal dysfunction and neurologi-
cal complications (10,11). On the other hand, cardiac sur-
gery in cirrhotic patients carries a very high risk of post-
operative liver failure, morbidity and mortality rates,
especially in Child B and C patients (1-5). Up to date, no
precise guidelines are available for surgical management
during cirrhosis (12). Bleeding is one of the major risks

because of thrombocytopenia, platelet dysfunction,
reduced coagulation factors and fibrinolysis usually pres-
ent in cirrhotic patients. Activation of cardio-pulmonary
by-pass may worsen this condition (13). Ironically, cir-
rhotics are also at risk for thrombosis because the balance
between bleeding and thrombosis becomes increasingly
precarious as protein synthetic capacity is lost. Indeed, it
is not infrequent to observe thrombotic events in the por-
tal and mesenteric systems or in the lower extremities
(14). Severe fibrinolysis may frequently occur in LT fol-
lowing graft reperfusion, mainly caused by increased lev-
els of tissue-type plasminogen activator (t-PA). For this
reason, the uses of antifibrinolytic drugs were popular-
ized long-time ago (15). More recently, aprotinin showed
significant reductions in blood loss and red-blood cell
transfusions in a European multicenter study (16).
However, safety of this agent has been an matter of con-
troversy about the risks of sudden thromboembolic events
contributing to its withdrawal from the clinical use in the
U.S. and Europe (17,18). In our experience both patients
received aprotinin but sudden massive embolism
occurred in the first, although presenting with a worse
clotting profile. In this case, a triggering role of aprotinin
in initiating thrombotic complications seems difficult to
be proven considering that aprotinin has clearly been
shown in vitro and in vivo to have anticoagulant proper-
ties. In fact, that there is no evidence for increased risk of
thromboembolic events associated with antifibrinolytic
drugs from meta-analysis studies (19,20). Combined car-
diac and liver surgery may generate high plasma levels of
thrombin and t-PA, decreased clearance of activated
coagulation factors during anhepatic phase and low AT-III
level may result in a thrombotic condition (21-25). When
surgery cannot be avoided, optimizing and monitoring of
the coagulation is of paramount importance. Sonoclot
device may assist the anaesthesiologist by helping to
identify the causes of bleeding.
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Fig. 2. — Evolution of clot rate and platelet function in patient 2.
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This analysis reflected a heavily disturbed coagulation
in the first patient compared to the second in which most
values were only slightly below normal at the beginning
of surgery. In order to counteract this procoagulant state
we thought to prime the CBP with fresh frozen plasma
(containing also AT-III) and to use a high dose regimen
of aprotinin during cardiac surgery. Although both meas-
ures were useful, it is clear that they were most likely
insufficient in converting the procoagulant status to a
more neutral one. When oozing was experienced in the
first patient having low AT-III levels, autologous platelets
were transfused. These platelets were immediately
exposed to high levels of thrombin, tissue factors and
ADP, which most likely led to immediate aggregation
with subsequent hypercoagulability as evidenced by
Sonoclot (26). This demonstrated at that time a complete
recovery of plasmatic coagulation (27). In the second
patient autologous platelet transfusion was not necessary
due to the better preoperative coagulation profile and a
higher platelet count. We could speculate that the com-
bined effect of impaired plasmatic coagulation, thrombin
inhibition by low doses of heparin and administration of
AT-III most likely prevented a thrombotic event in the
second patient. As proposed by De Wolf et al. when
thromboelastogram or Sonoclot shows fibrinolysis, one
should consider administration of AT-III concentrate and
or low doses of heparin before administrating autologous
platelets (25). Upon our -although very limited- experi-
ence we would advise combined AVR+LT in patients
having limited clotting disturbances. Patients having
a severe loss of liver synthetic function may carry 
prothrombotic or thrombophilic factors and should be
carefully discussed for the difficulties to manage clotting
factor disorders (14). Unfortunately, validation of this
strategy is mainly limited by the scarcity of clinical
indications .
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