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Liver transplant (LT) is a major surgical undertaking involving major fluid shifts, hemodynamic instability and
metabolic derangements in a patient with preexisting liver failure and multisystemic derangements. Monitoring
and organ support initiated in the preoperative phase is continued intraoperatively and into the postoperative
phase to ensure an optimal outcome. As cardiovascular events are the leading cause of non-graft related death
among LT recipients, major emphasis is placed on cardiovascular monitoring. The other essential monitoring
are the continuous assessment of coagulapathy, extent of metabolic derangements, dyselectrolytemis and intra-
cranial pressuremonitoring in patients with fulminant hepatic failure. The type and extent ofmonitoring differs
with need according to preexisting child status of the patient and the extent of systemic derangements. It also
varies among transplant centers and is mainly determined by individual or institutional practices. ( J CLIN

EXP HEPATOL 2012;2:271–278)
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Liver transplant (LT) has become a feasible treatment
option for acute as well as chronic end stage liver dis-
ease (ESLD), irresectable liver malignancies and also

for several metabolic abnormalities. Liver diseases, necessi-
tating LT can either be acute or chronic. Each disease entity
presents unique features as well as important differences.

While cirrhosis is a slow and insidious liver dysfunction,
acute liver failure (ALF) presents with liver dysfunction,
coagulopathy and hepatic encephalopathy occurring
within days or weeks, often leading to a life-threatening
multisystem illness and a rise in intracranial pressure
(ICP). Severe hemodynamic, hematological and metabolic
abnormalities are common.
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LT is a major surgical undertaking involving major he-
modynamic shifts and metabolic derangements necessitat-
ing extensive monitoring and support of all organ systems.
It is now becoming increasingly possible to offer transplant
to sicker patients with multiple co-morbidities and organ
dysfunction, as monitoring and organ support initiated
in the preoperative phase is continued intraoperatively
and into the postoperative phase to ensure an optimal out-
come.
HEMODYNAMIC MONITORING

Cardiorespiratory failure has been identified as the com-
monest cause for ICU readmission after LT and cardiovas-
cular events are the leading cause of non-graft related
death among LT recipients.1 Major emphasis is therefore
placed on cardiovascular monitoring during perioperative
care of these patients.

Patients with cirrhosis and portal hypertension have
a hyperdynamic circulatory state, with high cardiac output
(CO) and a low systemic vascular resistance (SVR).2 There is
systemic vasodilatation and marked increase in splanchnic
capacitance. As a result, the central blood volume is signif-
icantly reduced.Due to this relative hypovolemia andmajor
fluid shifts which occur during surgery, there is a need for
a reliable hemodynamic monitoring tool for fluid manage-
ment, so as to maintain the delicate balance between opti-
mizing preload and avoiding pulmonary edema.3

Standard hemodynamic monitoring used routinely
during adult LT includes continuous 5 lead ECG, invasive
arterial pressure and cardiac output (CO) monitoring. Of-
ten both the radial arteries or a radial and a femoral artery
are cannulated due to the need for frequent blood sam-
pling and to enable continuous invasive blood pressure
monitoring during the long surgery. Femoral arterial cath-
eter is preferred over radial artery catheter by many, since
xperimental Hepatology | September 2012 | Vol. 2 | No. 3 | 271–278
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central aortic pressure monitoring is considered more ac-
curate especially at times of hemodynamic instability. Be-
sides blood pressure monitoring using the radial artery is
known to get affected by rib cage retraction causing subcla-
vian artery compression.4

Changes in arterial and venous tone, intravascular vol-
ume, ventricular performance, peripheral vascular reactiv-
ity, core body temperature and changes in blood
rheology make moment-to-moment assessment of cardio-
vascular status difficult. Clinical parameters like heart rate,
blood pressure, blood loss and urine output are insuffi-
cient to direct fluid therapy for a recipient of LT. More de-
tailed and accurate measurements are therefore needed for
assessing cardiac preload, directing volume replacement
and optimizing CO.5

Traditionally, pulmonary artery catheter (PAC) has been
used for invasive hemodynamic monitoring during LT.
Cardiac filling pressures, namely central venous pressure
(CVP) and pulmonary arterial occlusion pressure (PAOP)
measured using the PAC serve as a guide to right and left
heart preload respectively. Till recently these cardiac filling
pressures were widely used to guide fluid therapy, but re-
cent studies have shown that these pressure-derived pa-
rameters, which are indirect indicators of ventricular
filling volumes,6,7 have little positive predictive value in
improving hemodynamics or tissue perfusion.8

The PAC was initially used only to measure intracardiac
pressures, but CO measurement using the thermodilution
principle (TDCO) has now become an integral function of
the PAC. Advances in technology have allowed for the devel-
opment of continuous CO (CCO) monitoring by incorpo-
rating a heating coil within the PAC (CCOmbo/Vigilance,
Edwards Lifesciences LLC, Irvine, CA; Opti Q CCO/Q-vue,
Abbott Critical Care Systems,Mountain View, CA). This ob-
viates the need for bolus injections and provides average CO
over time compared with intermittent bolus techniques9

and still allows formonitoring of CVP, mean pulmonary ar-
tery pressure (mPAP) and PAOP. Advances in computation
techniques have resulted in development of algorithms to
calculate the global end-diastolic volume and the right ven-
tricular end-diastolic (RVEDV) and end-systolic volumes,
thereby facilitating better estimation of intravascular blood
volume.10 RVEDV is a valuable index of cardiac preload and
is a more sensitive indicator of intravascular volume when
compared with CVP and PAOP.11,12 The PAC however,
might be inaccurate if it is not positioned correctly and
may not reflect changes in intravascular volume rapidly
enough. With reported hazards of PAC insertion like
ventricular arrhythmias,13 and due to availability of less in-
vasive monitoring tools, the use of PAC is declining. It is
now increasingly reserved, for those cases where there is
a suspicion of porto pulmonary hypertension,14 as severe
pulmonary hypertension (mPAP > 45) is associated with
high perioperative mortality and, if not successfully treated,
is a contraindication to LT.15
272
Standard hemodynamic monitoring, such as arterial
pressure monitoring, can also be extended for the assess-
ment of CO, preload and afterload. A number of such
devices are commercially available which provide a continu-
ous estimate of CO through analysis of the shape of the ar-
terial pulse wave from a peripherally placed arterial catheter.
This technique helps measure stroke volume (SV) and CO
on a beat-to-beat basis and helps assess requirement of ther-
apies such as fluid challenge and/or inotropes.16

The PiCCO system (Pulsion Medical System; Munich,
Germany) is a commercially available, continuous CO
monitor in which a femoral arterial catheter with a therm-
istor in its wall analyses the pulse contour. The working
principle is based on an algorithm which analyzes the
shape of the arterial pressure waveform and computes
the pulsatile systolic area. Beat-to-beat calculations are av-
eraged over 30-s cycles and are displayed as a numerical
value providing information regarding the patient's pre-
load (intrathoracic blood volume, ITBVI), afterload, myo-
cardial contractility, CO and extra vascular lung water
index (EVLWI).17 ITBVI has shown a strong correlation
with cardiac index (CI) as opposed to filling pressures in
cirrhotics. It is regarded as a more reliable preload index
during different phases of LT like during IVC clamping,
graft reperfusion, bleeding and surgical manipulations.18

The device is initially calibrated by TDCO, using cold sa-
line injection via central venous catheter and subsequent
detection by the thermistor in the femoral arterial catheter.
Beat-to-beat calculations are averaged over 30-s cycles and
displayed as a numerical value. CCO assessed by PICCO
and by TDCO have been found to be comparable. The
monitor however, needs to be recalibrated if the SVR
changes markedly.19,20

Other popular commercial equipment that make use of
pulse power analysis include the LiDCO plus (LiDCO Ltd;
Cambridge, UK) and the FloTrac/Vigileo (Edwards Life-
sciences LLC; Irvine, CA). Both devices use proprietary al-
gorithms to derive CO and like PiCCO, both display
pulse pressure variation and stroke volume variation,
which are indicative of intravascular volume status.21

Flo-Trac/Vigileo derives CO from the arterial waveform
in conjunction with patient demographic data, without
the need for an independent method of calibration. CO
can be measured directly from a conventional arterial
line attached to the sensor.22 The LiDCO system needs
to be calibrated using lithium dye. However, its advantage
over other pulse contour derived methods is that it pro-
vides beat to beat changes in CO, while the Vigileo com-
putes and displays SV values every 20 s. The values
obtained from LiDCO and the FloTrac have been com-
pared with PAC and found to be comparable.23

More recently transesophageal echocardiography (TEE)
has become an essential perioperative diagnostic and mon-
itoring tool.24 It provides direct visualization of the func-
tion and volume status of the heart. It allows quick
© 2012, INASL
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assessment of the changes in contractility and rapid diag-
nosis of ventricular dilatation and failure.25 During times
of hemodynamic instability, TEE can help with immediate
diagnosis of air or thromboembolus. CO can be derived by
measurement of flow across a cardiac valve, left ventricular
outflow tract, or the flow in the main pulmonary artery.
The functional utility of TEE, is however limited as a hemo-
dynamic tool during LDLT due to the fear of rupture of
esophageal varices26 but is considered a reliable, hemody-
namic monitoring tool where there is adequate operator
experience.

The preferred hemodynamic monitoring tool remains
controversial because of lack of evidence indicating a differ-
ence in patient outcomes. Schumann27 surveyed 62 trans-
plant centers in the United States and found that PACs
were used in 30% of the centers and that TEE was used in
11.3%. In summary, the type of monitoring differs among
transplant centers and is mainly determined by individual
or institutional practice. In most centers, an arterial line is
placed which is extended for CO monitoring using either
Flotrac, LiDCO or PICCO, depending on individual prefer-
ences. The PAC is usually reserved for cases with suspected
PHT and the TEE is used as per availability of expertise.28
Figure 1 Thrombelastograph (TEG) trace: R: reaction time; K: kinetics;
a: slope between R & K; MA: maximum amplitude; CL: clot lysis.
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COAGULATION MONITORING

Patients with liver disease are at increased risk of both
thrombosis as well as hemorrhage,29 In patients with cir-
rhosis of liver and ESLD there occur abnormalities of
both procoagulants (e.g. vWF, Factor VIII) and anticoagu-
lants (e.g. protein C, antithrombin and tissue factor path-
way inhibitor). LT has been associated with major blood
loss30 and need for transfusion of fairly large amounts of
allogenic blood products.

During LT, dissection in the presence of coagulopathy
through the fragile and dilated collaterals leads to blood
loss. Transfusion needs in these patients may vary between
2 and 13 packed RBC units during liver transplant to
much more.31,32

The inherent risks of use of blood products, along with
scarcity of these resources, makes it important that these
be used judiciously. Studies have linked intraoperative
transfusions with significant decrease in 1-year survival33

and the amount of blood product administered intraoper-
atively has been a significant predictor of ICU readmission.
There has been a consistent decline in transfusion require-
ments over the years with refinement of surgical technique
and revision in transfusion protocols.

The evaluation and correction of coagulopathy is an es-
sential part of the care of the liver recipient in the perioper-
ative period. It includes diagnosing potential causes of
hemorrhage, prediction of risk of bleeding and appropriate
hemostatic therapy. Close observation of the surgical field,
suctions, communication with the surgical team along
with monitoring of coagulation indices in the operating
Journal of Clinical and Experimental Hepatology | September 2012 | Vol. 2
room are a crucial part of management. Traditionally, co-
agulation has been monitored by Conventional coagula-
tion tests (CCTs)34 which include Prothrombin time
(PT), activated partial thromboplastin time (APTT), plate-
let count and plasma fibrinogen levels. Each of these mea-
sures a different aspect of the clotting process but even
when put together, they may not provide a complete pic-
ture of the coagulation status and have a dubious role in
guiding correction of coagulopathy prior to interventions.

Anesthesiologists and intensivists managing liver trans-
plant patients usually use a combination of coagulation
studies to guide blood product replacement therapy dur-
ing LT. These include CCTs with point of care (POC) de-
vices which assesses the viscoelastic properties of whole
blood, like thrombelastography (TEG), rotation thrombe-
lastometry (ROTEM) and Sonoclot to overcome the limita-
tions of CCTs.35 These tests are repeated frequently during
the surgery for correction of coagulopathy and reduce
blood loss and transfusions.

Thrombelastography (TEG) which measures the elastic
property of fibrin from its formation to complete dissolu-
tion is widely used to monitor coagulation status. The im-
portance of TEG during LT as a test of whole-blood
coagulation, has been established in literature.36 The test
allows for in vivo interactions between platelets, red blood
cells and other coagulation factors and clot development is
displayed in real-time.

Thrombelastometry (ROTEM) is another POC test. It is
a variation of TEG and is based on measuring shear-elastic
modules during clot formation in whole blood. TEG and
ROTEM bothmeasure and graphically display the changes
in viscoelasticity of blood at all stages of the developing
and resolving clot, i.e., the time until initial fibrin forma-
tion (reaction time [R], the kinetics of fibrin formation
and clot development (angle [a]), the ultimate strength
and stability of the fibrin clot (maximum amplitude
[MA]), and clot lysis (fibrinolysis [CL]).37(Figure 1) TEG
and ROTEM are both fibrinolysis sensitive assays and al-
low for diagnosis of hyperfibrinolysis in bleeding pa-
tients38,39 and hence enable directed therapy. Literature
shows that use of TEG and ROTEM in transfusion
algorithms has led to reduced number of blood products
transfused.40 A survey undertaken in the United States re-
vealed that TEG is being used only by a third of all
| No. 3 | 271–278 273
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programs involved with LT, while pediatric LT units rely
more on CCT for coagulopathycorrection.27

ROTEMhas been successfully used primarily in Europe.
The reason for this disparity could be institutional avail-
ability and protocols.

The Sonoclot measurements are based on detection of
viscoelastic changes of whole blood or plasma. The Sono-
clot Analyzer measures the kinetics of fibrin formation
and clot development and provides information on the en-
tire hemostasis process both as a qualitative graph, known
as Sonoclot Signature and the quantitative values e.g. CR
(the maximum slope of the Sonoclot Signature during ini-
tial fibrin polymerization and clot development), activated
clotting time (ACT), clot rate (CR), and the platelet func-
tion (PF). The ACT is the time from activation of sample
until the beginning of fibrin formation (Figure 2).

However, the Sonoclot Analyzer has been criticized be-
cause its results were influenced by age, gender and platelet
count41 and it has shown poor reproducibility of measured
variables, especially CR and PF.42 Others have found the
Sonoclot Analyzer to be valuable in cardiac surgical proce-
dures43,44 and it has demonstrated a precision close to that
of TEG. In more recent studies, test variability of ACT
values determined by Sonoclot, were comparable in LT
and has been found to be useful in the perioperative
coagulation management.45
METABOLIC

Glycemic Control
The liver plays a central role in regulation of whole-bodyme-
tabolism.Liverdisease therefore can lead tomajor alterations
in glucose, lipid and protein metabolism. Patients with cir-
rhosis have a peculiar endocrine profile with impaired glu-
cose homeostasis. Serum insulin concentration in these
patients is elevated by at least 2-foldswhile the glucagon con-
centration is increased by 5-folds. This occurs more due to
Figure 2 Sonoclot Signature: ACT: activated clotting time; CR: clot
rate; PF: platelet function.
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augmented secretions than due to delayed clearance by the
diseased liver.46 Despite normal gluconeogesis, there is hy-
perglycemia with hyperinsulinemia on account of impaired
peripheral glucose oxidation due to insulin resistance.47

Glucose metabolism further worsens during LT. Hyper-
glycemia during liver transplant surgery develops follow-
ing steroid therapy during the reperfusion period, and is
aggravated further due to glycogenolysis by the newly
transplanted liver, decreased peripheral glucose utilization
and insulin resistance.48 Poor blood sugar control in liver
transplant recipients has been linked to increased risk of
liver allograft rejection, surgical site infection and in-
creased mortality.49,50 While normal glucose metabolism,
(with increased insulin requirement), could be a sign of
a well functioning allograft post transplant.
Hypoglycemia can be an ominous sign of compromised
liver recovery.51 Hence frequent plasma glucose monitor-
ing and blood sugar control become important. Although
tight blood sugar control has been linked to improved out-
comes (between 80 and 120 mg/dL), this is associated with
increased risk of hypoglycemia in the presence of reduced
glucose reserve. A modest target of blood glucose of
#150 mg/dL is therefore advised.52
Electrolytes
Dyselectrolytemias frequently accompany ALF and ESLD,
especially when complicated by renal failure. Electrolyte
imbalance in these settings may be particularly deleterious.
Frequent monitoring of serum electrolyte concentrations
throughout the perioperative period and correction of ab-
normalities is a routine practice.

Hyponatremia is commonly seen in patients with cir-
rhosis. Increased plasma renin activity along with hyper-
aldosteronism leads to Na+ and water retention. However,
free water retention exceeds Na+ accumulation thereby
causing dilutional hyponatremia. Hyponatremia may exac-
erbate cerebral edema in patients of ALF. Therapeutic mea-
sures adopted include free water restriction, and use of
high caloric hyperosmolar enteral feeds or concentrated
glucose infusions.

The risk of osmotic demyelination is lower in patients
with ALF because of shorter duration of the disease and
is treated using hypertonic saline. Careful calculation of
rate of correction of plasma sodium levels is done to pre-
vent central pontine myelinolysis.53,54

Serum potassium levels are independent predictors of
death after liver transplantation.55 Serum K+ concentra-
tions are known to vary during different phases of liver
transplantation. Hypokalemia is often secondary to di-
uretic therapy whereas hyperkalemia is characteristically
seen following organ reperfusion. Retrospective studies
have identified several variables associated with clinically
significant hyperkalemia which include higher baseline po-
tassium, amount of red cells transfused, organ recovery
© 2012, INASL
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after cardiac death, longer warm ischemia time, and longer
donor hospital stay.56 Hyperkalemia can also be caused by
the use of potassium-sparing diuretics, metabolic acidosis
causing exchange of intracellular potassium for extra- cel-
lular H+, renal failure or secondary to hepato-renal syn-
drome.

Serum Ca2+ concentration is usually decreased by chela-
tion with citrate following transfusions of blood products.
In the absence of a healthy liver, citrate is not rapidly me-
tabolized and ionized calcium may decrease precipitously
during rapid intraoperative transfusion or during the an-
hepatic stage.57

Patients with ESLD usually also have hypomagnesemia.
Multiple factors which contribute to hypomagnesemia are
decreased dietary intake, decreased gut absorption and in-
creased excretion due to laxatives and diuretics used to treat
hepatic encephalopathyandascites respectively.58Hypomag-
nesemia further worsens during liver transplantation due to
massive blood transfusion since ionized magnesium is che-
lated in a manner similar to chelation of ionized calcium
by citrate.59 Hypomagnesemia is known to contribute to car-
diac dysrhythmias60 and also has a crucial role in the coagu-
lation cascade.61 Magnesium levels are therefore frequently
monitored and corrected in the perioperative setting.58
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Acid–base abnormalities are common in patients posted
for liver transplant. The commonest acid–base disturbance
in ESLD being primary respiratory alkalosis,62 mediated by
a central nervous system mechanism. The C-fibers located
in alveolar epithelium, near pulmonary capillaries respond
to increased interstitial lung water by signaling the respira-
tory center to cause rapid shallow breathing. Metabolic al-
kalosis if present is usually iatrogenic, induced by
diuretics63 or due to the protracted vomiting. Patients in
fulminant hepatic failure and hepato-renal syndrome
may develop metabolic acidosis due to the inability of
the liver to clear lactate and inability of the dysfunctional
kidney to retain bicarbonate. Although metabolic acidosis
is an uncommon acid–base abnormality in cirrhosis, it is
the most ominous.

Patients with normal acid–base balance at the outset of
surgery also develop biphasic acid–base disturbance, char-
acterized by initial metabolic acidosis followed by pro-
tracted metabolic alkalosis during LT.64 The severity of
metabolic acidosis parallels the accumulation of lactic
acid, indicating that the major etiology is lactic acidosis.
Loss of base equivalents starts during the dissection phase
and accelerates during the anhepatic stage.65 A further rise
in plasma lactate concentration occurs immediately after
graft reperfusion. Maximal acidosis and base deficit is
therefore seen in the first several minutes after graft reper-
fusion and the main consequence of metabolic acidosis is
myocardial depression. Plasma lactate concentrations are
Journal of Clinical and Experimental Hepatology | September 2012 | Vol. 2
closely monitored during the surgery and following graft
reperfusion and are also followed into the early postopera-
tive period, for assessing the adequacy of graft function.

Early recognition of metabolic disturbances and their
subsequent treatment improves outcome and decreases
perioperative mortality. Monitoring of rapidly changing
metabolic disturbances is therefore an inevitable part of ra-
tional intraoperative management in LT.

Temperature
Continuous temperature monitoring and use of devices to
maintain normothermia is a part of standardmanagement
of patients for LT throughout the perioperative period.
Negative effects of hypothermia on wound healing and
on coagulation are well known even in the presence of oth-
erwise normal plasma clotting factor concentrations. Mild
hypothermia, on the other hand, has been suggested as an
adjunct therapy for the treatment of raised intracranial
pressure (ICP) to decrease brainmetabolism and reduce ox-
idative stress in ALF.
INTRACRANIAL PRESSURE MONITORING

Cerebral edema leading to intracranial hypertension (ICH)
is a major cause of morbidity and mortality in patients
with ALF.66 ICP monitoring therefore is proposed for early
diagnosis and management of ICH. It helps guide medical
treatment and select patients with better neurologic prog-
nosis for LT.67 Additionally it has been shown that ICP
tends to vary significantly intraoperatively during the sur-
gery. It initially increases during the dissection phase, then
decreases in the anhepatic phase, and again increases dur-
ing the reperfusion phase.68 The main concern with place-
ment of ICP monitors is the risk of intracranial
hemorrhage. In a survey across medical centers in the
United States in the early 1990s, an overall prevalence of in-
tracranial bleeding of 20% was noted with the procedure.69

The use of noninvasivemethods like Transcranial Dopp-
ler (TCD) and Optic Nerve Sheath Diameter (ONSD) is be-
coming popular as they avoid the serious complications of
invasive ICP monitoring. TCD applies ultrasound to mea-
sure blood flow velocity in the middle cerebral artery. The
difference between systolic and diastolic flow velocity, di-
videdby themeanflowvelocity, is called thepulsatility index
(PI) which correlates well with invasively measured ICP.70

In ONSD measurement technique, the changes in the
diameter of the nerve sheath are visualized using transocu-
lar ultrasound. The optic nerve which is a part of the cen-
tral nervous system is surrounded by the dural sheath.
With rise in ICP, the sheath expands. Several studies have
investigated and found a correlation between the nerve
sheath diameter and invasively measured ICP.71

Both these techniques of ICP monitoring, require train-
ing and have inter-observer variance. These techniques are
not accurate enough to be used as a replacement for
| No. 3 | 271–278 275
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invasive ICP measuring methods. They can, however, dis-
tinguish between normal and raised (>20 mmHg) ICP
and can be used as a repeatable bedside screening modality
in the coagulopathic patient of liver failure (Table 1).

Monitoring in Post-Operative Period
The principle behind institution of monitoring facilities
for liver transplant patients in the postoperative period,
is to provide the necessary support for maintaining opti-
mal function of all organ systems. All intraoperative mo-
dalities of monitoring and medication are continued into
the ICU. This would help provide a favorable milieu for
the new liver to start functioning and at the same time
would help in following the course of graft functioning.

Early weaning from mechanical ventilation after LT is
possible in select patients with preoperative Child A sta-
tus and an uneventful intraoperative course. This not
only lowers the risk of ventilator associated pneumonia
but also improves the splanchnic and liver blood flow
and reduces hepatic venous congestion.72 However fast
tracking following LT is not a routine practice due to
the underlying liver disease withmetabolic derangements,
prolonged surgery with major fluid shifts, blood loss, he-
modynamic instability; and prolonged warm and cold is-
chemia times.

The key areas of focus are hemodynamic stabilization
with optimal fluid therapy, preservation of kidney func-
tion, prevention of graft rejection and infection prophy-
laxis. Subsequent ICU course is dependant on uptake of
graft. Graft function is assessed at regular intervals by se-
rial blood gas analysis, liver function tests and bedside ul-
trasound Doppler of hepatic vasculature. Improvement in
metabolic acidosis, decline in blood lactate levels, and
spontaneous improvement in INR are indicative of ade-
quate graft uptake. Static and dynamic liver function tests
are used to track graft function. Static tests of liver func-
tion include serum levels of liver enzymes, bilirubin and
tests of synthetic function including serum level of albu-
min and coagulation factors. The dynamic liver function
tests express the ability of the liver to metabolize or elimi-
nate defined substances. The indocyanine green (ICG)
clearance test is used in some centers routinely to quantify
Table 1 Comparison of different ICP monitoring techniques.

Technique Accuracy Incidence of infection Inciden

Invasive monitoring devices High Moderate to high Low

Transcranial Doppler Low None None

Optic Nerve Sheath Diameter Low None None

MRI/CT scan Low None None

Fundoscopy Low None None

276
the functional activity of the graft. ICG is a water-soluble
dye which can be used bedside or intraoperatively. Its re-
moval from the blood depends on liver blood flow, paren-
chymal cellular function and biliary excretion.28

Ultrasound assessment of blood flow along with ICG
clearance is currently regarded as the most valuable bed-
side liver function test in the perioperative period after
LT.28

Accurate monitoring of fluid intake and output is crit-
ical in the immediate postoperative period. Oliguria may
be the earliest warning sign of renal dysfunction. This is
supplemented by regular monitoring of kidney function
tests. Intraabdominal drains are inspected for the nature
and rate of blood and fluid loss. Various kinds of anasto-
motic problems may present in the early postoperative
days with varying incidence. Hepatic artery thrombosis,
with incidence of 4–12%,73 can present as sudden deterio-
ration in hemodynamics, Acute Respiratory Distress Syn-
drome (ARDS), severe coagulopathy, or sudden and
marked elevation of transaminases.

Biochemical, hematological and microbiological moni-
toring is implemented depending on institutional proto-
cols. Blood levels of immunosuppressants are measured
to titrate and achieve recommended levels to avoid rejec-
tion and prevent drug toxicity. Initially more frequent
monitoring is done, upto thrice a week and as blood levels
stabilize the frequency is reduced.

Evaluation of the patient's mental status is also con-
tinually performed during the ICU stay as neurological
complications are very common after LT. Clinical series
have documented neurological disorders in 8.3–47% of
all patients receiving liver transplantation.74 The most
frequent complications are encephalopathy, brain hemor-
rhage, and seizures. Patients with neurologic symptoms
prior to LT are at a higher risk for postoperative neuro-
logic disturbances. Poor graft function or small for size
may result in recurrence of hepatic encephalopathy. Pa-
tients transplanted for fulminant hepatic failure may
need continuation of ICP monitoring to guide further
management till clinical recovery of mentation occurs.
Daily assessment of neurological status and muscle
power is important for detection of focal and global
ce of bleeding Cost per patient Miscellaneous

to moderate High Continuous bedside monitoring

Low Bedside monitoring; Inter observer
variability high

Low Bedside monitoring; Inter observer
variability high

Low Potential to be used for screening

Low Bedside monitoring; may fail to
detect sudden rise in ICP

© 2012, INASL
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deficits that could lead to the suspicion of stroke or em-
bolism and the need for imaging.
CONCLUSION

The monitoring strategy of liver transplant centers is not
uniform and is primarily governed by local practice pat-
terns and patient outcome. Recent cost benefit analysis
of resource utilization has changed existing practices.
These have helped weigh the benefit of using one monitor-
ing modality over the other. To bring uniformity in the
existing practices reflects the need for randomized
controlled trials, for drafting consensus protocols for opti-
mum outcome and resource utilization.
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