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v

Liver transplantation is relatively a new specialty with first successful trans-
plant being performed in the year 1967 by Thomas Starzl, and in India it was 
performed in 1998. The journey of transplantation in India has been very 
lucidly described in the chapter on history of liver transplantation in this book 
by Prof Samiran Nundy. Over the last 15–20 years, liver transplantation has 
gained momentum in the Asian subcontinent. If there were ten established 
centers in India doing liver transplantation in the year 2000, now there are 
over 135 centers doing liver transplantation and more centers are coming up. 
There are many textbooks available on the subject, but very few resources are 
available dealing with the perioperative care of patients with end-stage liver 
disease needing liver transplant. The surgical aspects are widely covered in 
these books with scant reference to the anesthetic and perioperative care of 
these patients. It was felt that there was a need to have a book which provided 
information on this aspect of patient care in patients with end-stage liver dis-
ease. There is another motivational reason to take on this assignment to get 
this book published. Our group under the leadership of Dr AS Soin were 
among the firsts to start liver transplants in India, initially at Sir Ganga Ram 
Hospital and then at Medanta Hospital, Gurgaon. On starting the training 
program of Fellowship in Liver Transplant Anaesthesia at Medanta from the 
year 2012, we felt at a loss to provide the fellows enough reading material or 
a textbook on the subject. Although in this era of Internet there is information 
available at the touch of a button, it is all scattered. Our fellows were provided 
with a collection of good articles to make a beginning. There was always 
something missing—a book to refer to, which had most of the basic informa-
tion for perioperative care of liver transplant patients. Therefore our team of 
editors got together and decided to embark on this journey of getting this 
book together. The authors were identified who had good experience in this 
growing specialty. Of course everything was not straightforward and many 
authors had to be substituted for various reasons.

So the aim was to have a collection—book, which covers the perioperative 
care of liver transplant patients which would be useful for trainees as well as 
for practicing anesthesiologists, intensivists, and those responsible for the 
perioperative care of transplant patients. There is slightly more attention 
given towards living donation liver transplantation in the book as this is the 
dominant part of liver transplant program in India as of now.
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In India, most of the transplantation activity is confined to living donor 
liver transplantation, whereas the deceased donor transplant is still not 
 practiced very frequently due to lack of availability of organs. Looking at the 
figures for the year 2020, there were around 16.3% deceased donors (GODT—
Global Observatory on Donation and Transplantation), the rest being living 
donor transplant. This is one area that needs to be looked at critically—
improving deceased organ donation. I must express my sincere gratitude to 
Prof Samiran Nundy who has been motivating us in this venture and has been 
in constant touch regarding the progress of the book. He is the one who was 
also instrumental in bringing the Human Organ Transplant Act (1994) in 
India, initiating and giving impetus to the liver transplant activity.

Gurgaon, India Vijay Vohra  
Gurgaon, India  Nikunj Gupta  
Gurgaon, India  Annu Sarin Jolly  
Gurgaon, India  Seema Bhalotra   
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1The History of Liver 
Transplantation in India

Samiran Nundy

1.1  Introduction

In 1988 starting a liver transplantation pro-
gramme in India seemed to be a distant dream for 
many of us because there were so many hurdles 
to overcome—it was an exorbitantly costly pro-
cedure, there was no local expertise available at 
that time, the trade in human organs especially 
kidneys was widespread and the law only recog-
nised cardiorespiratory death and not brain death 
so that transplants from beating heart donors 
could not be done. However with a consistent and 
combined effort we were able to overcome most 
of these problems gradually and, although some 
still remain, we have reached a stage where there 
are now 135 centres in this country which have 
been registered to carry out liver transplants and, 
till May 2019, 16,806 procedures had been per-
formed with the results in some centres matching 
the world’s best. And India does the fourth largest 
number of liver transplants internationally fol-
lowing the USA, China and Korea.

In this chapter I will chronicle our journey 
from how it all started to where it has reached and 
although it is, of necessity, a rather personal 
account, I wish to pay tribute to many of the gen-
erally unnamed doctors, journalists, bureaucrats 

and politicians who helped bring about this 
momentous change.

1.2  Background

In 1988 there were an estimated 120 centres else-
where in the world performing 4500 liver trans-
plants annually with an 80% success and 70% 
five-year survival rates. In stark contrast, there 
was no liver transplant facility in India and there 
were an estimated 300,000 deaths from liver fail-
ure annually. A small group of us made an initial 
attempt to sensitise the public to this problem 
through popular television programmes like ‘The 
World this Week’ as well as articles in newspa-
pers and medical journals. But probably the main 
impetus was provided by the then Prime Minister, 
Shri Rajiv Gandhi who, after one of his trips 
abroad, asked the Health Minister why heart and 
liver transplants were not being done in this 
country. The Health Secretary then constituted a 
small group of four people to report on this and 
we defined the problems that had to be overcome, 
i.e. the cost, the lack of local expertise, the organ 
trade and the absence of a law which recognised 
brain death. To move forward we identified the 
first move should be to educate the public on the 
benefits of starting a liver transplant programme 
in India.S. Nundy (*) 

Department of Surgical Gastroenterology and Liver 
Transplantation, Sir Ganga Ram Hospital,  
New Delhi, India
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1.3  Step I: Public Education

This was done through a series of newspaper 
articles and television appearances. Although 
there were major opponents to starting such a 
programme—it would cost 20 lakhs, there would 
be an enormous wastage of blood and blood 
products (the blood requirement for a single pro-
cedure was usually about 20  units at that time; 
now it is about 4–6 units); it would become the 
focus of hospital attention and distract from many 
other activities which benefited many more peo-
ple. It was likened to having a ‘CT scanner on a 
malarious swamp’!

The counterarguments were that the proce-
dure would save many young productive lives, it 
would be available locally, the cost would be 
much lower than it was in western countries, the 
quality of doctors and hospitals would be 
upgraded and there would be national pride that 
such high-end medical care was available in our 
own country. No longer would our very rich com-
patriots need to go abroad for transplants where 
they were placed at the bottom of the waiting lists 
and often received ‘marginal’ livers that had been 
rejected for use in the indigenous population. We 
held conferences and workshops in Calcutta, 
Bombay, Madras and Delhi to which we invited 
prominent social workers, journalists and reli-
gious leaders to discuss whether the concepts of 
brain death and liver transplantation were accept-
able and necessary. There was a generally posi-
tive response. The next step would be to try and 
change the existing law defining death and to 
allow beating heart organ transplantation.

1.4  Step 2: Changing the Law

After the conference in Delhi in 1991 the govern-
ment appointed a small committee chaired by Dr. 
L.M.  Singhvi, the eminent lawyer, to examine 
and report on the concept and definition of brain 
death, its desirability and implications, to suggest 
safeguards against misuse and how it might facil-
itate the availability of organs such as the heart 
and liver for transplantation.

The Singhvi Committee presented its report to 
the Cabinet and the Bill was placed in 1992 
before the Rajya Sabha where it received over-
whelming support. However when it went to the 
Lok Sabha there were serious objections raised to 
some of its clauses like including only first- 
degree relatives as living donors and it was 
referred to a Select Committee for further debate. 
Two years passed without any progress and we 
felt that the law would never be passed but in 
1994 the Bill was placed before the Lok Sabha 
again and after a brief debate in a sparsely 
attended house it was accepted. The 
Transplantation of Human Organs Act became a 
law in 1995.

Its rules stated that only registered hospitals 
would be allowed to perform transplantation and 
listed the criteria for organ retrieval. Brain death 
would be determined by clinical tests alone, i.e. 
the cause of coma should be known, there would 
be an absence of cranial reflexes and there should 
be a positive apnoea test. All these would be veri-
fied twice by four specially designated doctors 
6 h apart.

An ‘Appropriate Authority’ was also created 
which would be responsible for the registration 
of hospitals, maintenance of standards, would 
investigate breaches of the law and audit the indi-
cations and results of the transplant procedures. 
For living transplants only first-degree relatives 
would be allowed to donate organs but if the 
recipient did not have a suitable donor then some-
one ‘emotionally’ related would be permitted to 
donate. The ‘emotional’ attachment would by 
verified by a designated ‘Authorisation 
Committee’.

Trading in human organs was made illegal and 
a non-cognisable offence.

1.5  Step 3: The Initial Procedures

The first procedure after the Bill was passed was 
a heart transplant done in the All India Institute of 
Medical Sciences (AIIMS), New Delhi, by Dr. 
P. Venugopal and was a success. It was announced 
by the then Prime Minister, Shri Atal Behari 

S. Nundy
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Bajpayi, in Parliament to loud cheers. However 
liver transplantation took a long time to gain any 
sort of momentum. There were a few performed, 
mostly unsuccessfully, in 1995  in the Apollo 
Hospital, Chennai, and then at AIIMS Delhi. The 
first successful deceased donor liver transplant 
was done on a 43-year-old man in the Apollo 
Hospital, Delhi, on November 6, 1998, by Dr. AS 
Soin and Dr. MR Rajasekar. This patient lived for 
12 years after the transplant. He had recidivism 
and died of recurrent alcoholic cirrhosis of his 
transplanted liver. The second successful trans-
plant in India was a live donor (left lateral sector) 
liver transplant on November 15, 1998, on an 
18-month-old male child with biliary atresia. 
This patient is alive and well.

1.6  Step 4: Sustainable 
Programmes

1.6.1  Numbers

In spite of the law being passed there were very 
few deceased donor transplants and the main 
activity, albeit small in number, was centred 
around living donors (Fig. 1.1).

There were very few done up to 2008 after 
which there was a spurt in activity after the year 
2009 with a gradually increasing number of 
deceased donors especially in Tamil Nadu. The 
main impetus for this increase was the farseeing 
Tamil Nadu Government orders of 2008 which 
made brain death declaration mandatory and doc-

tors who were in charge of such patients were 
required to ask their relatives for organ donation. 
It also decreed that a State level waiting list be 
maintained, laid down norms on how the pro-
cured deceased organs should be distributed, 
required that Transplant Coordinators should be 
appointed in all registered hospitals, provided 
government subsidies of up to 30 lakhs towards 
the cost of the procedure, established ‘green cor-
ridors’ so that the harvested donor organs could 
be moved quickly in spite of heavy traffic to the 
recipient hospital and supported non- 
governmental organisation such as the MOHAN 
Foundation which has done such sterling work in 
promoting deceased organ donation throughout 
the country.

In 2011 there were amendments to the exist-
ing law passed by Parliament which mandated a 
video recording of Authorisation Committee 
meetings, delinked transplantation registered 
institutions from those which could diagnose 
brain death, allowed intensivists and one other 
doctor to confirm the diagnosis (rather than the 
four designated doctors, including neurosur-
geons, previously), included grandparents and 
uncles as near relatives and allowed ‘swap’ dona-
tions across family members according to blood 
group matching. It also established the NOTTO, 
ROTTO and SOTTO (National, Regional and 
State Organ and Tissue Transplant Organisations) 
in addition to the already existing ORBO (Organ 
Retrieval and Banking Organisation).

Thus Fig. 1.2 shows the rapid increase in liver 
transplant numbers since 2009 when there were 
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450 done with 12% from deceased donors to 
2018 when 1944 were done and 32% were from 
deceased donors.

However in 2019 after we asked all members 
of the Liver Transplant Society of India to share 
their total numbers out of 135 registered centres 
40 responded and the individual centre data are 
provided in Figs. 1.3, 1.4, 1.5, and 1.6.

The activity of hospitals in a single year 
(2018) is provided in Figs. 1.7, 1.8, and 1.9.

Thus only 4 institutions performed more than 
200 in a single year (2018), 11 did 50–100, 30 did 
1–50 and 90 others who were registered to per-
form the operation did not do any liver transplants 
or did not answer the questionnaire (Fig. 1.10).

When we repeated the same exercise recently 
in 2020 we only had one reply; perhaps because 
of the increasing competition or fall in numbers 
centres are now unwilling to disclose these 
figures.

S. Nundy
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1.6.2  Statewise Distribution

Figure 1.11 shows the distribution of liver trans-
plant centres in India with most in the South, 
West and North but very few in the Central and 
Eastern states.

The largest numbers of transplants done in 
2018 were in Delhi (1161), which in 2020 has 
apparently 16 centres, but these were almost all 
from living donors (Fig. 1.12).

But if the numbers of deceased organ dona-
tions are depicted (Fig.  1.13), we will see that 
most of the activity has been in the Southern and 

S. Nundy



7

92 88 86

71 71
59 57 54 52

0

Ja
yp

ee
 N

oid
a

Yas
ho

da
 S

ec
un

de
ra

ba
d

In
dr

ap
ra

sth
a 

Apo
llo

 D
elh

i

Aste
r C

M
I &

 M
ed

cit
y B

an
ga

lor
e

Sah
ya

dr
i P

un
e

Apo
llo

 N
av

i M
um

ba
i

Glob
al 

M
um

ba
i

Ju
pit

er
 M

um
ba

i

Apo
llo

 H
yd

er
ab

ad

20

40

60

80

100Fig. 1.8 Liver 
transplants in India in 
year 2018, Individual 
Centre Data (<100–50)

46

35
3230

18181615141212121210 9 9 9 8 8 7 7 6 6 5 5 5 4 2 1 1
0

20

40

60

B
LK

 D
el

hi
S

ir 
G

an
ga

 r
am

 H
os

pi
ta

l D
el

hi
A

rt
em

is
 G

ur
ug

ra
m

B
G

S
 G

lo
ba

l B
an

ga
lo

re
R

ub
y 

H
al

l C
lin

ic
 P

un
e

N
ew

 E
ra

 N
ag

pu
r

La
ke

sh
or

e 
K

oc
hi

P
G

IM
E

R
 C

ha
nd

ig
ar

h
A

st
er

 M
IM

S
 K

oz
hi

ko
de

C
M

C
 V

el
lo

re
M

io
t B

an
ga

lo
re

A
po

llo
 B

an
ga

lo
re

Z
yd

us
 A

hm
ed

ab
ad

M
an

ip
al

 V
ija

ya
w

ad
a

K
IM

S
 T

riv
an

dr
um

A
po

llo
 V

is
ha

kh
ap

at
na

m
A

po
llo

 M
ys

or
e

G
em

 C
oi

m
ba

to
re

O
sm

an
ia

 T
el

an
ga

na
D

ee
na

na
th

 M
an

ge
sh

ka
r 

P
un

e
F

or
tis

 B
an

ga
lo

re
A

IIM
S

 D
el

hi
D

M
C

 L
ud

hi
an

a
A

IG
 G

ac
hi

bo
w

li
A

po
llo

 A
hm

ed
ab

ad
A

ay
us

h 
V

ija
ya

w
ad

a
A

rm
y 

R
 &

 R
 D

el
hi

S
te

rli
ng

 A
hm

ed
ab

ad
M

ah
at

m
a 

G
an

dh
i J

ai
pu

r
G

 G
 T

riv
an

dr
um

Fig. 1.9 Liver 
transplants in India in 
year 2018, Individual 
Centre Data (>50)

Western states with Tamil Nadu leading the way 
(Figs. 1.13 and 1.14).

In fact that state has been in the forefront of all 
deceased organ transplants including the lung, 
heart, liver and kidney (Fig. 1.15).

1.6.3  The Situation in 2020

The total number of centres registered to perform 
liver transplants in India is now 135 (compared to 
a total of 149 in the USA), and this is increasing 
rapidly as the procedure has become a marker for 
not only the prestige of a hospital but that of a 

state. However, it is rumoured that many of the 
centres although registered have not performed a 
single transplant or that they have had such bad 
results that there is little or no continuing activity. 
Thus the ‘star’ performing surgeons and their 
teams are sought after by most large hospital 
chains by being guaranteed astronomical salaries. 
Consequently the public sector is now performing 
only 3% of the transplants not only because it is 
losing its surgeons to private hospitals but it does 
not have the committed and dedicated large teams 
required to collaborate and perform such complex 
procedures. The cost of a living donor transplant is 
now anywhere between 16 and 30 lakh rupees.

1 The History of Liver Transplantation in India
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Fig. 1.12 Liver 
transplant numbers 
statewise

Fig. 1.13 States—
deceased donations 2018
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1.7  India Vs the World

In 2018 there were a total of 1944 liver trans-
plants performed in India which followed only 
the USA (8241), China (5149) and Korea 
(2854). However for the proportions of living 
donor liver transplants the figures vary consider-
ably from Japan where 87% of transplants were 

from living donors to 4% and 2% in the USA 
and UK. In India and South Korea the majority 
of organs were taken from living donors (68% 
and 65%). In China although deceased donors 
are the largest source of organs for transplants 
most of these are alleged to have been obtained 
from condemned prisoners. This practice has 
been decried by the international transplant 

S. Nundy
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community and is now banned by the Chinese 
government. Figure 1.16 shows the changes in 
the numbers of transplants in some selected 
countries comparing 2009 and 2018.

All have shown increasing numbers except for 
Japan and what is noteworthy in that is India has 
probably shown the largest proportional increase 
of 4.3 times in total with an encouraging rise in 
the number of deceased donor transplants.

1.8  Concerns

But there are concerns. All the transplant pro-
grammes rely mainly on living donors and 
although deceased donation is increasing in the 
South and West in the central states, it remains 
poor in the North and East. This is because of a 
lack of awareness of the concept of brain death and 
the benefits of organ transplantation but also per-
haps due to an absence of altruism in these areas. 
Public hospitals have not managed to mount regu-
lar programmes and the private sector where profit 
generation is the main concern this has resulted in 
large kickbacks to referring physicians, there is 
immense pressure to increase numbers and many 
‘marginal’ livers which would not be used abroad 
are transplanted. The system continues to be 
opaque in that the living donor complications and 
deaths remain unknown and the results of trans-
plantation are enormously variable ranging from 

90-day recipient mortality rates of between 5% 
and 100%. There is a major gender gap with organ 
donors being predominantly female and the recipi-
ents male. In Tamil Nadu the proportion of females 
receiving kidney grafts is 23% and livers is 7%. 
The organ trade continues but it is small and 
clandestine.

1.9  Recommendations

The first priority should be to improve cadaver 
donation by strictly enforcing the law especially 
the 2011 amendments which delinked transplant 
hospitals from those from which organs could be 
harvested, enforce mandatory brain death decla-
ration and required request, ensure a transparent 
and fair organ distribution system and even con-
sider incentives to donor families like free life-
time railway passes. There should be many more 
centres in the public sector which would lower 
the cost of the procedure and perhaps improve 
the gender imbalance.

The dormant Appropriate Authority should 
collect data on the indications and results of 
transplantation, help raise public awareness, and 
encourage the exchange of problems, results and 
expertise between the private and public sectors. 
It should also punish unethical practices.

In spite of these problems the results have 
been gratifying as illustrated in Fig. 1.17.

1 The History of Liver Transplantation in India
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Gratifying Results

Pre-op Post-op

Fig. 1.17 A three-and- 
a-half-year-old Nigerian 
girl with a large liver 
tumour before and after 
liver transplantation 
(now well 5 years later)

Key Points
 1. The Transplantation of Human Organs 

Act of India in 1994 recognised brain 
death and made the trade in human 
organs illegal.

 2. This allowed liver transplants to be per-
formed in this country.

 3. After the first decade when few proce-
dures were done the main impetus came 
in 2008 when the Tamil Nadu govern-
ment orders made the declaration of 
brain death in hospitals mandatory and 
required doctors to ask relatives for 
organ donation.

 4. There are now 135 centres registered to 
perform liver transplants in 2020.

 5. Most transplants are done in the private 
sector and are from living related 
donors.

 6. Deceased organ donation occurs in the 
Southern and Western states but in 
Delhi, where 54% of the total liver 
transplants in India are done, the major-
ity are from living donors.

 7. India’s total liver transplant numbers 
rank only after the USA, China and 
Korea.

 8. Unfortunately the results regarding 
indications and operative mortality are 
opaque and there needs to be closer reg-
ulation of the activity throughout the 
country.

 9. Liver transplantation has enhanced the 
quality and reputation of Indian health 
care.

1.10  Conclusions

Liver transplantation has had a major impact on 
Indian health care. It has saved thousands of lives 
of middle-class Indians who could not afford to 
have the procedure done abroad, it has improved 
the quality of surgery, anaesthesia, haematology, 
nephrology, blood transfusion and pathology, the 
results of the best centres match the world’s best 
and although there are attendant problems these 
can be solved.

In fact liver transplantation has revolutionised 
Indian medicine.
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2Physiological Role of Liver 
and Interpreting Liver Function 
Tests

Kamal Kajal, Venkata Ganesh, and Sameer Sethi

The purpose of this chapter is to review the anat-
omy and physiology of the liver as well as pro-
vide a brief interpretation of liver function tests. 
The anaesthetic management of the patient with 
chronic liver disease requires an in-depth under-
standing of the altered physiology of the cirrhosis 
along with pharmacokinetic and pharmacody-
namic aspects of therapy. All types of liver sur-
gery can induce transient or permanent injury to 
the liver, an understanding of which has improved 
the morbidity and mortality of hepatic transplant 
recipients and donors over the years.

The importance of the regenerative capacity of 
the liver cannot be overstressed as this is unique to 
the liver enabling partial transplants from live 
donors. This regenerative capacity is well illus-
trated in the myth of Prometheus [1]. Although 
potential liver replacement therapies such as 
Molecular Adsorbent Recirculating System 
(MARS) are available, these can never take over 
the extensive functions of this multi- tasking 
organ. These functions range across metabolic 
(including detoxification), synthetic, immuno-
logic and homeostatic domains (Table 2.1).
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Table 2.1 Functions of the liver

Metabolic Synthetic Immunologic Homeostatic
Glucose 
metabolism

Coagulation factor 
synthesis

Innate immunity Intravascular homeostasis by acting as a blood 
reservoir, through renin-angiotensin-aldosterone 
axis and oncotic pressure regulation via albumin 
metabolism

Nitrogen 
metabolism

Procoagulants Adaptive 
immunity

Glucose homeostasis

Lipid metabolism Anticoagulants Systemic antigen 
and allograft 
tolerance

Hepatic and portal blood flow regulation through 
hepatic arterial buffer responseHeme degradation Fibrinolytics

Drug metabolism 
and detoxification

Antifibrinolytics
Plasma protein 
synthesis
Albumin
Heme synthesis
Endocrine:
Steroid hormone 
synthesis
Cholesterol
Thrombopoietin
Angiotensinogen
IGF-1

2.1  Gross Anatomy of the Liver

The liver derives from the ventral foregut endo-
derm during the fourth week of gestation [2–4]. 
Anatomy relevant to anaesthetic and surgical 
management includes the blood supply and the 
intrahepatic microscopic architecture.

The afferent blood to the liver is accounted 
for by both arterial and portal blood. The mean 
value of O2-uptake in the liver, related to a blood 
flow of 110  mL/min/100  g, amounts to 
6.08  ±  0.2  mL  O2/min [5]. This comprises 
20–25% of the cardiac output. Although in 
terms of blood flow the portal vein supplies 
nearly 75% of the hepatic blood and the sys-
temic artery supplies 25%, the oxygen supplied 
to the liver is equally shared between the two 
circulations [6]. The biliary tree is however sup-
plied principally by the hepatic artery. The por-
tal blood from the splenic vein brings in the 
hormones and cytokines from the pancreas 
whereas the superior mesenteric vein brings in 
the endotoxins and nutrients from the gut above 
the lower half of the rectum. In situations of 
increased portal vein pressure, portosystemic 
connections open up in areas such as the lower 
end of oesophagus, rectum, umbilicus, retroper-

itoneal regions and bare area of the liver. This 
manifests as dilated  veins/varices, bleeding and 
the shunting of unfiltered blood can manifest as 
sepsis and encephalopathy.

The venous outflow of the liver is through the 
three hepatic veins draining directly into the infe-
rior vena cava (IVC) close to the diaphragm and 
any change in the intrathoracic and right heart 
pressures or beyond the hepatic vein (such as 
thrombosis in Budd-Chiari syndrome) can pro-
mote congestive injury to the hepatocytes.

Externally the liver can be seen to have the 
right and the left lobe divided by the IVC and the 
gall bladder fossa. However surgically, based on 
the vascular planar anatomy, the liver can be 
divided into eight segments [7]. Each segment 
has an afferent pedicle comprised of branches 
from the portal vein, hepatic artery and bile duct, 
and each segment drains into an individual tribu-
tary of the hepatic vein. The right lobe of the liver 
has segments V to VIII while the left lobe has 
slightly complicated segmental division with the 
true external left lobe comprising segments II and 
III and the medial portion of this or quadrate lobe 
is segment IV. The caudate lobe is named as seg-
ment I and independently drains into the central 
hepatic vein.

K. Kajal et al.
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2.1.1  Hepatic Blood Flow 
Regulation

Blood flow to the liver is regulated by several 
intrinsic and extrinsic factors. These pathways 
work independently of each other.

Intrinsic Mechanisms
 1. HABR (Hepatic arterial buffer response): The 

periportal tissues produce adenosine, the 
washout rate of which when decreased, as 
occurs during decreased portal blood flow, 
dilates the hepatic artery to preserve hepatic 
blood flow [8, 9]. The reverse also occurs 
when portal blood flow increases, increasing 
the washout of adenosine and constricting the 
hepatic artery. Endotoxemia and splanchnic 
vasoconstriction can abolish this response [6].

 2. Metabolic control: Decrease in the oxygen 
content or pH of the portal venous blood can 
increase the hepatic arterial blood flow; post-
prandial hyperosmolarity can also increase 
hepatic artery and portal venous flow.

 3. Myogenic autoregulation: Vascular smooth 
muscle stretch during hypertensive episodes 
promotes vasoconstriction and decreased 
hepatic arterial flow protecting the liver from 
the hypertensive episode. The reverse also 
occurs with vasodilation of the hepatic artery 
during systemic hypotension. Inhaled volatile 
anaesthetic agents cause a dose responsive 
inhibition of this response.

Extrinsic Regulation
 1. Neural control: Parasympathetic and sympa-

thetic nerves that course along with the 
hepatic blood vessels help in regulating the 
vascular tone. During sympathoadrenal stim-
ulation the blood volume within the hepatic 
and splanchnic circulation is squeezed into 
the systemic circulation. The hepatic artery 
has alpha 1,2 and beta 2 receptors while the 
portal vein has only alpha receptors [6].

 2. Humoral control: Glucagon causes hepatic 
artery vasodilation whereas angiotensin II 
causes vasoconstriction of hepatic and portal 
venous circulation. Interestingly vasopressin 
raises splanchnic arterial resistance but 

reduces the portal venous pressures and hence 
may be preferred in those with portal 
hypertension.

2.2  Cellular Anatomy of the Liver

The liver is composed of two groups of cells. The 
majority are parenchymal cells or hepatocytes 
which are responsible for the metabolic and most 
of the synthetic functions of the liver. The non- 
parenchymal cells are chiefly responsible in the 
liver acting as the immunological gateway espe-
cially for the enteric organisms. These include the 
Kupffer cells, Natural Killer (NK) cells, dendritic 
cells, T lymphocytes and B lymphocytes as well as 
the cholangiocytes, the sinusoidal endothelial cells 
and perisinusoidal pluripotent stellate or Ito cells. 
Table 2.2 summarizes the functions of these cells.

Table 2.2 Types of cells and their functions in the liver 
[10, 11]

Function

Percentage 
of liver 
cells

Hepatocytes •  Hepatic regeneration 60–80
•  Detoxification
•  Protein synthesis and 

metabolism
•  Lipid oxidation
•  Glucose metabolism
•  Glycogen storage

Perisinusoidal 
Ito cells

•  Vitamin A and fat 
storage

5–15

•  Collagen secretion 
and contractile nature 
implicates these cells 
in liver cirrhosis and 
portal hypertension 
respectively

•  Antigen-presenting 
cells

Endothelial 
cells

•  Exchange of 
substrates through 
fenestrations

15–20

•  Nitric oxide-
mediated vascular 
tone regulation

•  Antigen-presenting 
cells

(continued)
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Hepatic lobule

Portal lobule

Hepatic acinus

Central vein

Portal triad

Fig. 2.1 Schematic representation of the microanatomy 
of the liver showing the hepatic lobule with the portal tri-
ads forming the borders of this hexagonal unit with the 
central vein at the centre of the mass of hepatocytes. The 
portal lobule is a triangular unit formed by joining three 

central veins with a portal triad at the centre. The hepatic 
acinus is a perfusion-based model with the hepatocytes 
distributed in three oval zones around the short axis of the 
oval being formed by joining two portal triads and the 
long axis being bounded by two central veins

Function

Percentage 
of liver 
cells

Kupffer cells •  Antigen-presenting 
cells (macrophages)

15

•  Downregulate T cell 
activation in immune 
tolerance states

•  Produce nitric oxide, 
TNF alpha and other 
cytokines 
responsible for 
ischaemia 
reperfusion injury

Dendritic cells •  Antigen-presenting 
cells

<1

Lymphocytes •  Non-specific 
targeting of tumour 
cells and viruses

5–10
NK cells

T cells •  Cell mediated 
adaptive immunity 
and immune memory

B cells •  Antibody/humoral 
mediated adaptive 
immunity and 
immune memory

Cholangiocytes •  Comprise the bile 
ducts

<1

Table 2.2 (continued) 2.2.1  Models of Liver Microanatomy

There are two prevalent models of liver micro-
anatomy. In the lobular model, the terminal 
hepatic vein (central vein) is at the centre of a 
hexagonal “lobule” of hepatocytes while the 
 subunits of the portal triad are at the periphery. 
These units are of individual metabolic capacity 
representing the fundamental unit of the liver.

In the acinar model, the hepatocytes are 
grouped in an approximately oval mass with the 
ends of the long diameter being the central veins 
of adjacent lobules and the short diameter being 
defined between two portal triad. This represents 
the functional microvascular unit of the liver and 
is based on the blood flow pattern to the hepato-
cyte. Each acinus is divided into three ill-defined 
zones, zone 1 being the richly oxygenated peri-
portal, zone 2 intermediate and zone 3 closer to 
the central veins (Fig. 2.1).

Zone 1 being oxygen rich takes care of the 
aerobic glucose metabolism and is most resistant 
to ischaemic stressors. It is also responsible for 
fatty acid metabolism and urea cycle for ammo-

K. Kajal et al.
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nia metabolism. Zone 3 is perivenous and is most 
susceptible to hypoxia and ischaemia being 
involved in ketogenesis and drug detoxification. 
The functions of zone 2 overlap with the other 
two zones [12–14].

2.3  Liver, the Immunological 
Gateway

2.3.1  Innate and Adaptive 
Immunity

The non-parenchymal cells of the liver take part 
in the immune regulatory function, and both 
forms of immunity are closely linked within the 
liver. The hepatic circulation, unlike the systemic 
circulation, has more of the non-specific innate 
immune cells, as the major immune function of 
the liver is to regulate the massive antigen load 
from the enteric circulation before it reaches the 
systemic circulation. Hence it acts like an immu-
nological gatekeeper for the body.

The non-specific innate immunity is mediated 
by the antigen-presenting cells (APC) as well as 
the NK cells. The APC form a bridge to the T and 
B lymphocytes that mediate adaptive immunity. 
These APC include Kupffer cells, dendritic cells, 
sinusoidal endothelial cells and Ito cells. The NK 
cells non-specifically target all foreign cells that 
do not contain self-major histocompatibility sur-
face complex I (MHC-I) such as tumour cells and 
viruses [15]. These cells directly destroy their tar-
gets by secreting perforins that make the target’s 
membrane more permeable and granzymes that 
lyse the cells internally. Decreased NK cell func-
tion has been associated with increased tumour 
burden [16].

The adaptive immune system is classically 
comprised of the cell-mediated and antibody- 
mediated acquired form of immunity which helps 
in mounting antigen-specific immune response 
with immunological memory. This memory 
response serves in quick processing of the anti-
gens that enter the liver from the splanchnic and 
portal circulation. CD8 T cells can recognize 
tumour antigens and can help fight against hepa-
tocellular carcinoma as well [17].

2.3.2  Immune Tolerance

Although early cases of transplantation were done 
exclusively in twins and in closely related individu-
als, it is a well-known fact that pigs, mice and rats 
accept unrelated liver transplants without immuno-
suppressants and even some human recipients are 
capable of weaning off immunosuppressive ther-
apy [18]. There is also no immune response to the 
massive load of commensal bacteria in the gastro-
intestinal tract. This is because the liver manages to 
balance between acting as an immunological gate-
way and tolerating the commensal organisms 
whose antigens have been presented to the liver 
constitutionally over a prolonged period of time. 
This function of the liver is termed systemic or oral 
tolerance and a similar adaptation of the immune 
system is probably what is responsible for allograft 
tolerance and transplant success rates [19].

This “tolerogenicity” is thought to be mediated 
by the constitutive expression of antigens (for 
example the lipopolysaccharide or LPS of enteric 
organisms) on the antigen-presenting cells such as 
the Kupffer cells which tends to downregulate the 
activity of other antigen- presenting cells over 
time via TNF alpha and interleukin 10 [20]. This 
in turn decreases T cell activation [10]. Similar 
mechanisms underly allograft survival.

2.4  Hepatic Drug Metabolism

Most higher organisms are exposed to a lot of 
foreign chemical compounds in the environment. 
Evolution has provided pathways to transmute 
such xenobiotics to ensure their elimination, 
onset of action (prodrugs) or termination of effect 
by altering their susceptibility to excretion.

2.4.1  First Pass Effect

The first pass effect can be defined as the rapid 
uptake and metabolism of an agent into inactive 
compounds before it reaches systemic circula-
tion. This phase of drug metabolism greatly 
reduces the bioavailability of enteral drugs. First 
pass effect occurs majorly in the liver but also to 
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a certain extent in the GIT including the gastric 
secretions as well as intestinal mucosal enzymes. 
Parenterally administered drugs bypass the liver, 
have no first pass metabolism, reach their effect 
sites faster and hence are clinically more effec-
tive at lower doses with faster onset times.

2.4.2  Phases of Drug Metabolism

Phase I reactions involve oxidation, reduction or 
hydrolysis or a combination of these to make the 
drugs more polar by inserting or unmasking a 
hydroxyl, sulf-hydroxyl or amide groups in the 
chemical structure of a drug. These metabolites 
are then either excreted or undergo further phases 
of metabolism.

Phase II metabolism is where the by-products 
of phase I are attached to a glucuronate, glutathi-
one, acetate or sulphate group to make them more 
water soluble and are then excreted via the bile 
and blood.

Absence or dysfunction of phase I or II 
enzymes results in encephalopathy, hyperbiliru-
binemia and drug toxicity. These phase I and II 
enzymes are chiefly located in zone III of the 
hepatic acinus and their dysfunction is hence 
most prone to occur in the state of ischaemic and 
oxidative stress. They chiefly belong to the cyto-
chrome P-450 (CYP450) family. Gene mutations 
can affect metabolism and results in specific syn-
dromes such as Crigler-Najjar and the milder 
Gilbert syndromes which result from mutations 
leading to a defective or decreased levels of 
bilirubin- UGT, presenting as unconjugated 
hyperbilirubinemia or kernicterus. Depletion of 
substrates of conjugation such as glutathione can 

lead to liver injury as is the case with paracetamol 
toxicity where NAPQI (N-acetyl-para- 
benzoquinone-imine) accumulates in zone II 
causing centrilobular necrosis. Being a precursor 
to glutathione N-Acetyl Cysteine (NAC) can be 
useful in treating acetaminophen toxicity. Its use 
as an organ protective agent is at best controver-
sial [21].

Phase 0 and Phase III metabolism are misno-
mers and are merely carrier-mediated transport 
modes involved in the uptake and elimination via 
SLC transporters and ATP binding cassette 
(ABC) carriers in the basolateral and canalicular 
membranes respectively [22, 23].

These CYP450 enzyme systems are inducible as 
well as susceptible to inhibition by various sub-
strates. Inducing these enzymes speeds up the 
metabolism of drugs decreasing their bioavailability 
rendering them clinically ineffective. For example 
barbiturates can induce the metabolism of phenyt-
oin, steroids and warfarin. Conversely enzyme 
inhibitors such as azoles, amiodarone, SSRIs and 
omeprazole can dangerously elevate levels of war-
farin and increase the risk of bleeding.

2.4.3  Drug Extraction Ratio

Since the quantity of hepatic enzymes as well as 
the hepatic blood flow can vary in various condi-
tions, logically the rate of drug elimination should 
also fluctuate depending on these parameters. The 
drug extraction ratio is that between the intrinsic 
hepatic clearance of a drug and the hepatic blood 
flow. This ratio attempts to measure the efficiency 
of the liver in eliminating a given drug. Table 2.3 
provides a summary of this concept [24].

Table 2.3 Hepatic extraction ratio with examples

Extraction 
ratio (ER)

Type of hepatic 
elimination Saturable metabolism Examples

High ER Flow dependent Non-saturable enzymes Lignocaine, Mepivacaine, Morphine, Pethidine, 
Verapamil, Labetalol, Metoprolol, Propranolol

Low ER Capacity 
dependant

Saturable (dose-dependent, 
non-linear, zero-order 
elimination)

Paracetamol, Aspirin, Diazepam, Digoxin, 
Ethanol, Phenobarbital, Phenytoin, Valproic 
acid, Warfarin
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2.5  Energy Metabolism

2.5.1  Glucose Homeostasis

The liver is the seat of glucose metabolism and 
determines the fate of glucose whether it 
becomes glycogen for storage or it enters the 
Kreb’s cycle and electron transport chain for 
ATP synthesis. The liver is also capable of pro-
ducing glucose from glycogen (glycogenolysis) 
as well as from other sources such as amino 
acids, glycerol, pyruvate and lactate which is 
gluconeogenesis. Fasting induces these pro-
cesses mediated by the hormones such as gluca-
gon and epinephrine. This chiefly occurs in zone 
I of the acinus.

Glycogenesis is stimulated by insulin and 
takes place in non-fasted state especially in zone 
III of the hepatic acinus. As we can see, since pre-
cise regulation of glucose homeostasis occurs 
chiefly in the liver, the most apparent manifesta-
tion in acute terminal liver failure tends to be 
hypoglycaemia. Glycogen storage disorders such 
as Gaucher’s manifest with recurrent hypogly-
caemia, ketosis and hepatomegaly apart from 
musculoskeletal symptoms [25, 26].

2.5.2  Nitrogen Metabolism

In the presence of amino acid excess the liver 
engages in the urea cycle to produce ammonia 
and alpha-keto acids especially so in the zone I 
of the hepatic acinus. Glutamine synthetase then 
transforms ammonia and glutamate to gluta-
mine. Hyperammonaemia resulting from liver 
dysfunction and portosystemic shunting pro-
duces encephalopathy as the neurotoxic ammo-
nia and excessive glutamate, which is an 
excitatory neurotransmitter, elevate the intracra-
nial pressure by increasing the osmotic intracel-
lular gradient [27]. An alternate theory suggests 
that glutamine acts as a “Trojan horse” carrying 
the ammonia into the mitochondria of astrocytes 
causing free radical damage and cellular oedema 
[28]. Hence the predominant type of cerebral 
oedema that occurs in hepatic failure is cytotoxic 
as the blood brain barrier is mostly intact, ren-

dering vasogenic oedema less likely preserving 
the response to osmotherapy with mannitol and 
hypertonic saline [29, 30].

The liver is also the site of major protein syn-
thesis excepting gamma-globulin, especially 
albumin which is majorly responsible for the 
intravascular oncotic pressure as well as drug- 
protein binding. Catabolic states tend to reduce 
albumin and thus can lead to oedematous states 
which is characteristic of liver failure as well as 
in critical illness.

2.5.3  Fatty Acid Metabolism

The liver is responsible for both degradation and 
the de novo synthesis of fatty acids. Bile salt emul-
sified dietary fat is absorbed as micelles into the 
liver and the fatty acids undergo beta oxidation to 
yield ATP or these are converted to ketone bodies 
in insulin-deficient states and starvation. When 
there is defective insulin-mediated inhibition of 
lipolysis, as in obesity, the liver tends to store fat 
and this leads to steatosis and non- alcoholic fatty 
liver disease (NAFLD) [31, 32]. This may then 
progress to non-alcoholic steatohepatitis (NASH) 
and finally to cirrhosis and hepatic failure [33].

2.6  Role of the Liver 
in Coagulation

The liver is the major site for the synthesis of pro-
coagulants, anticoagulants, fibrinolytics and anti-
fibrinolytics as well as the stimulation of 
megakaryocyte production via the release of 
thrombopoietin [34]. The balance between pro-
coagulants and anticoagulants in hepatic dys-
function determines bleeding or thrombosis. 
Routine markers of coagulation such as pro-
thrombin time (PT) and partial thromboplastin 
time (PTT) are not accurate as they do not mea-
sure the anticoagulant profile of the patient. 
Hence functional tests of coagulation such as 
Thromboelastography and Sonoclot may be used 
to determine the risk of bleeding or thrombosis.

The liver synthesizes factors I, II, V, VII to 
XIII and the anticoagulants anti-thrombin III, 
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protein C and S; fibrinolytics such as plasmino-
gen and antifibrinolytics alpha 2-antiplasmin 
and TAFI (thrombin activable fibrinolysis 
inhibitor) [35].

Extrahepatic factors that can worsen bleeding 
include thrombocytopenia, portal hypertension, 
sepsis and disseminated intravascular coagula-
tion [36, 37].

2.7  Hepatic Endocrine Function

The liver is responsible for the production of 75% 
of the total IGF-1 apart from thrombopoietin, 
angiotensinogen and cholesterol which is 
involved in steroid hormone synthesis. Growth 
hormone stimulates the release of IGF-1 which 
promotes tissue growth in times of puberty and 
exercise. Thrombopoietin stimulates megakaryo-
cyte and platelet production which explains why 
platelet counts improve after orthotopic liver 
transplantation [38]. Angiotensinogen, which 
gets converted to angiotensin, that further partici-
pates in the renin-angiotensin-aldosterone path-
way is also produced by the liver and is the 
primary target of ACE inhibitors and angiotensin 
receptor blockers (ARBs). The diuretic spirono-
lactone is used to manage ascites in liver disease 
by antagonizing the pathway’s endpoint 
aldosterone.

2.8  Chronic Liver Disease

Chronic liver disease is characterized by persis-
tent injury to the liver for more than 6  months 
after initial insult. Various causes are infections, 
vascular, toxic, genetic and inflammatory aetiolo-
gies. The persistent episodes of injuries induce a 
healing process that subsequently results in 
hepatic fibrosis. Cirrhosis is a last stage fibrosis 
of liver characterized by distorted liver architec-
ture that results in increased intrahepatic resis-
tance and subsequent development of portal 
hypertension. Chronic liver diseases can induce 

cellular death via apoptosis, necrosis or more 
often a combination of the two, termed necrapop-
tosis or necroptosis [39, 40]. In chronic liver dis-
ease, the liver is subjected to repetitive tissue 
damage resulting in alterations in regenerative 
capacity, inflammatory response and eventually 
fibrosis [41].

2.9  Interpreting Liver Function 
Tests

The term “Liver Function Tests” is commonly 
used but it is potentially confusing since many 
of the tests are not reflective of its function and 
also, they may be abnormal even in patients 
without liver disease. Nonetheless, these tests 
are only initial tools for screening as well as 
stratification of liver disease. Liver is an organ 
that carries out numerous functions and measur-
ing its function by a single or battery of tests 
may not provide its entire assessment in differ-
ent clinical scenarios. So, it becomes imperative 
to classify these laboratory tests into broad cat-
egories. These categories include tests that (1) 
detect injury to hepatocytes or bile ducts, (2) 
measure the liver’s capacity to transport organic 
anions and clear endogenous or exogenous sub-
stances from circulation, (3) measure the liver’s 
capacity to metabolize drugs, (4) measure 
hepatic synthetic function and (5) contribute to 
an accurate diagnosis of liver disease but do not 
necessarily assess liver function. Our aim is to 
provide precise information about the utility of 
these tests in routine clinical anaesthesia and 
critical care.

2.10  Tests Detecting Hepatocyte 
Injury

2.10.1  Serum Aminotransferases

One of the sensitive indicators of hepatocyte 
injury is a group of intracellular enzymes called 
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serum aminotransferases. These are alanine ami-
notransferase (ALT, serum glutamic-pyruvic 
transaminase [SGPT]) and aspartate aminotrans-
ferase (AST, serum glutamic-oxaloacetic trans-
aminase [SGOT]). Their function is to catalyse 
the transfer of the alpha-amino groups of alanine 
and aspartate, respectively, to the alpha-keto 
group of ketoglutarate that results in the forma-
tion of pyruvate and oxaloacetate. ALT is situated 
entirely in cytosol, whereas AST is found in 
80:20 ratio in mitochondria and cytosol of hepa-
tocyte respectively. AST is not limited to liver 
only and has presence in other tissues like heart, 
skeletal muscles, kidney, brain, pancreas, lungs, 
leucocytes and erythrocytes. Therefore, AST lev-
els are also elevated in cardiac and skeletal mus-
cle diseases. Normal levels of AST and ALT are 
less than 30 IU/L for men and 20 IU/L for women, 
respectively. Levels decline in frail older patients 
and consumption of coffee [42]. Causes of ele-
vated serum AST and ALT levels are shown in 
Table 2.4. Magnitude of serum aminotransferases 
elevation does not correlate with liver cell 
 necrosis; in addition, the absolute elevation in 
serum aminotransferases is of little prognostic 
value since the liver can recover from majority of 
acute insults. Recovery of liver disease is often 
accompanied by faster decline in serum AST and 
ALT levels, but it may reflect poor prognosis due 
to massive loss of viable cells in acute liver fail-
ure. Rapid decline from initial elevation along 

with rise in the plasma bilirubin concentration 
and prolongation of the prothrombin time indi-
cates a poor prognosis in patients with acute liver 
failure.

2.10.2  AST to ALT Ratio

AST to ALT ratio is also useful in the diagnosis 
of certain hepatic diseases. For example, an AST- 
to- ALT ratio more than 4 is characteristic of 
Wilson disease, ratios between 2 and 4 are sug-
gestive of alcoholic liver disease, and a ratio 
below 1 is suggestive of non-alcoholic steatohep-
atitis (NASH) [43]. In a study of 271 patients 
with biopsy-proven liver disease, almost 90% of 
the patients with AST to ALT ratio greater than or 
equal to 2 had alcoholic liver disease [44].

2.10.3  Lactate Dehydrogenase

There are other enzymes that can be measured 
but none is more specific and useful as amino-
transferases for detecting hepatic disease. 
These are lactate dehydrogenase (LDH), gluta-
mate dehydrogenase and isocitrate dehydroge-
nase. LDH is a cytoplasmic enzyme present in 
almost all tissues. It has five isoenzymes identi-
fied on electrophoresis. It has poor sensitivity 
and specificity compared with aminotransfer-
ases. In one study, profound elevation of LDH 
discriminates ischaemic hepatitis (ALT-to-LDH 
ratio less than 1.5) from viral hepatitis (ALT-to-
LDH ratio greater than or equal to 1.5) with a 
sensitivity and specificity of 94% and 84%, 
respectively [45].

Glutathione-S-Transferase Glutathione-S- 
transferase (GST) is a sensitive and specific test 
for drug-induced liver injury. It has a short plasma 
half-life (90 min) and is released expeditiously in 
circulation following hepatocellular injury. GST 
is located in centrilobular region of acinus and is 
highly susceptible to hypoxia or reactive drug 

Table 2.4 Causes of elevated AST And ALT

Causes
Mild elevations (less than 
3 times the upper normal 
limit) or (100–249 IU/L)

Alcoholic steatohepatitis, 
NASH, drug 
hepatotoxicity, and 
chronic hepatitis C

Moderate elevations 
(3- to 20-fold of the 
upper normal limit) or 
(250–999 IU/L)

Drug hepatotoxicity, 
autoimmune hepatitis 
(AIH), acute and chronic 
viral hepatitis

Large elevations (more 
than 20-fold of the upper 
normal limit) or 
(>2000 IU/L).

Paracetamol poisoning, 
ischaemic hepatitis, acute 
viral hepatitis, massive 
hepatic necrosis

NASH non-alcoholic steatohepatitis
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metabolites [46]. Therefore, serial measurements 
of GST may be a sensitive marker of centrilobu-
lar necrosis in its incipient stages.

Clinical significance The extent of liver cell 
necrosis correlates poorly with the magnitude of 
serum aminotransferase elevation; in addition, the 
absolute elevation in serum aminotransferases is 
of little prognostic value since the liver can 
recover from most forms of acute injury. There is, 
however, one pattern that is important to recog-
nize: a rapid decrease in plasma AST and ALT 
levels, together with a rise in the plasma bilirubin 
concentration and prolongation of the prothrom-
bin time, is indicative of a poor prognosis in 
patients with acute liver failure. Although a rapid 
decrease in serum aminotransferases is usually a 
sign of recovery from disease, it may also reflect 
the massive destruction of viable hepatocytes in 
patients with acute liver failure, signalling a poor 
prognosis.

2.11  Tests Detecting Injury to Bile 
Ducts

2.11.1  Alkaline Phosphatase

Alkaline phosphatase (ALK) is predominantly 
located in liver and bones. They are also found in 
other sites like intestine and placenta. Enhanced 
levels are usually due to hepatic and diseases 
related to bones. Cholestatic disorders induce the 
break in the lipid linkage that binds ALK to the 
canalicular surface lining the inner membrane of 
hepatocytes. In early stages of cholestatic pathol-
ogies, levels of ALK may be near normal and 
increase gradually as disease progresses. 
Elevation in serum alkaline phosphatase in hepa-
tobiliary disease results from increased synthesis 
in the liver followed by release into the circula-
tion The precise manner how it reaches  circulation 
remains unclear. Causes of elevated alkaline 
phosphatase are shown in Table 2.5.

Table 2.5 Causes of elevated alkaline phosphatase

Marked elevation (≥4 
times the upper limit of 
normal)

Extrahepatic causes Hepatic causes
Choledocholithiasis (most common) Primary sclerosing 

cholangitis
Malignant obstruction like pancreas, gallbladder, bile 
duct

Intrahepatic cholestasis of 
pregnancy

Biliary strictures following invasive procedures and 
anastomotic stricture following liver transplantation

Primary biliary cholangitis
Liver allograft rejection

Moderate elevation (<4 
times upper limit normal)

Liver-specific causes Other causes
Hepatitis: viral, chronic, alcoholic Pregnancy
Cirrhosis Physiologic (children)
Hypoperfusion states: sepsis, heart failure Disorders of bone

Paget disease of bone
Osteomalacia
Hyperparathyroidism
Hyperthyroidism
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2.12  5′-Nucleotidase

5′-Nucleotidase is located in multiple sites like 
liver, heart, brain, blood vessels and pancreas. Its 
physiological function is not clear and is thought 
to catalyse hydrolysis of nucleotides such as ade-
nosine 5′ phosphate and inosine 5′-phosphate. 
Along with serum alkaline phosphatase, its major 
valuable role is in establishing the diagnosis of 
obstructive biliary disease [47].

2.13  Gamma-Glutamyl 
Transferase

Gamma-glutamyl transferase (GGT) helps in 
catalysing the transfer of groups like gamma glu-
tamyl peptides such as glutathione to L amino 
acids. It is located in canaliculi region and is 
released when cholestasis ensues. Higher levels 
of GGT along with alkaline phosphatase and 
5′-nucleotidase corroborate the diagnosis of hep-
atobiliary disease. Drugs that induce the produc-
tion of microsomal enzymes like ethanol, 
phenytoin and verapamil also promote the pro-
duction of GGT [48]. Isolated elevations in GGT 
are due to extrahepatic causes.

2.14  Tests Assessing Biliary 
Organic Anion Transport

2.14.1  Serum Bilirubin

Bilirubin is produced from the catabolism of 
heme. It gives bile its characteristic colour and 
yellowish discoloration in patients with jaundice. 
Majority of bilirubin is produced from the 
destruction of old red blood cells in the reticulo-
endothelial system. Bilirubin is transferred into 
hepatocytes and conjugated with glucuronic acid 
to water-soluble bilirubin monoglucuronides and 
diglucuronides. Conjugation is catalysed by the 
enzyme uridine diphosphate glycosyltransferase 
(UGT). Unconjugated bilirubin is found in nor-
mal serum only. On the other hand, increased lev-
els of conjugated bilirubin point towards liver 
injury. Albumin binds covalently with conjugated 

bilirubin and thereby prolongs its half-life. 
Laboratory tests measure the direct reacting bili-
rubin and the total bilirubin. Difference between 
the two gives value of indirect bilirubin. Normal 
levels of total bilirubin are below 1 mg/dL. Up to 
10% of adults have higher levels of unconjugated 
bilirubin due to Gilbert syndrome. Jaundice is 
found on physical examination when serum bili-
rubin levels are above 4 mg/dL. It is important to 
describe hyperbilirubinemias on the basis of 
direct or indirect bilirubin levels. Causes of 
hyperbilirubinemia are shown in Table 2.6. Sepsis 
is often not accounted as a cause for jaundice, 
but its reported prevalence in 30% of ICU 
patients in one series with mortality as high as 
51% [49].

2.15  Tests Measure Hepatic 
Synthetic Capacity

2.15.1  Serum Proteins

Majority of serum proteins are produced by the 
liver (exception being immunoglobulins). 
Albumin is most widely used to determine the 
synthetic capacity of liver and is included in 
Child-Pugh scoring system for cirrhosis. Low 
albumin levels are usually a result of hepatic dis-
ease besides other factors. Albumin levels are an 
important predictor of prognosis in critically ill 

Table 2.6 Causes of elevated bilirubin levels

Unconjugated 
hyperbilirubinemia

Conjugated 
hyperbilirubinemia

Gilbert syndrome Bile duct obstruction
Haemolysis Hepatitis
Blood transfusion Cirrhosis
Crigler-Najjar syndrome Primary biliary 

cholangitis
Ineffective erythropoiesis Primary sclerosing 

cholangitis
Medications Others

Sepsis
Total parenteral nutrition
Postoperative jaundice
Dubin-Johnson 
syndrome
Rotor syndrome
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hospitalized patients [50]. The underlying pro-
cesses include increased catabolism of albumin, 
increased capillary permeability to proteins and 
decreased albumin synthesis.

2.16  Prothrombin Time 
and International 
Normalized Ratio

Prothrombin time reflects the levels and function 
of clotting factors I, II, V, VII, X. All these factors 
are produced by the liver, and their reduced levels 
signify liver dysfunction. International normalized 
ration (INR) is reported along with prothrombin 
time. INR was introduced to standardize labora-
tory results for patients on warfarin. Patients with 
liver disease showed greater differences in their 
results, and now further attempts have been made 
to develop an INR specific to the liver [51]. Other 
potential cause of deranged prothrombin time and 
INR is vitamin K deficiency that can be either due 
to malabsorption or cholestatic disease.

2.17  Tests Measuring Blood Flow 
and Metabolic Capacity 
of Liver

They are also included as quantitative liver func-
tion tests. These tests are used as in the research 
tools as they are expensive and need a lot of time 
and efforts. Also, there is no convincing evidence 
of their superiority over standard liver function 
tests. Techniques for estimating hepatocellular 
mass include agents that are cleared avidly by the 
liver like bromsulphalein and indocyanine green 
(ICG). Mostly, they are crude computations as 
clearance of substance often influenced by many 
known and unknown factors. There are three 
methods to estimate blood flow to the liver: 
Clearance methods, indicator dilution method 
and direct measurements. Clearance methods are 
based on indirect Fick principle using agents 
with high hepatic and total body clearance. These 
include ICG dye, propranolol and lidocaine. ICG 
dye is the most consistent and reliable among 
them. The basic technique is that after injecting a 

particular substance, the area under curve is 
obtained and computed for measuring liver blood 
flow assuming normal reticuloendothelial sys-
tem. Direct measurements are obtained using 
electromagnetic probes through hepatic artery 
and portal vein.

On the other hand liver capacity to metabolize 
drugs can be measured by several methods, such 
as caffeine clearance, galactose elimination 
capacity, aminopyrine breath test and monoethyl-
glycinexylidide (MEGX) [52]. Non-invasive 
methods are available for measuring caffeine 
clearance for which an oral dose of caffeine 
(150–300  mg) is administered to patients and 
subsequently its metabolites are measured in 
saliva for up to 24 h. One of the invasive methods 
currently gaining popularity for measuring liver 
blood flow is MEGX test especially in patients 
with critical illness. Patient is administered lido-
caine (1 mg/kg) intravenously, and blood sample 
is retrieved after 15 min for MEGX, a metabolite 
of lidocaine.

2.18  Pattern of Liver Test 
Abnormalities

Evaluation of a patient presented with abnormal 
liver function tests starts with thorough history 
and physical examination to introspect for clues 
to the aetiology. Abnormalities in liver function 
tests provide information regarding the underly-
ing cause of patient liver disease. Injury to hepa-
tocytes presents with elevated aminotransferases 
and injury or obstruction to bile ducts represents 
cholestasis. In addition, the magnitude of derange-
ment in liver function may help us in finding the 
causative factors. Apart from above, the ratio of 
the aspartate aminotransferase (AST) to alanine 
aminotransferase (ALT) may make few diagnoses 
more or less likely. The specificity of ALT as a 
marker of hepatic injury is more than AST.

Abnormalities in liver function tests can be 
grouped into one of these patterns: hepatocellu-
lar, cholestatic or isolated hyperbilirubinemia 
(Table 2.7). These abnormalities may manifest as 
acute (within weeks), subacute (6  weeks to 
6 months) and chronic (more than 6 months).
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Table 2.7 Pattern of liver test abnormalities

Hepatocellular 
pattern

Cholestatic 
pattern

Serum 
transaminases
AST and ALT ↑↑↑ ↑
ALP ↑ ↑↑↑
Serum bilirubin ↑ or ↔ Elevated
Synthetic 
function

May be abnormal May be 
abnormal

Causes Viral, toxic 
hepatitis, cirrhosis

Most often, the aetiologies may present as 
mixed patterns in which there is escalation of 
both serum aminotransferases and alkaline phos-
phatases. Abnormalities of mixed origins can be 
characterized by the predominant abnormality; 
however it may not be possible to find this divi-
sion. The magnitude of elevations of aminotrans-
ferases on few occasions differentiates between 
hepatocellular and cholestatic processes. Higher 
values of these enzymes usually indicate hepato-
cellular origin of disease. Synthetic function tests 
namely serum albumin and prothrombin time 
may be abnormal in both hepatocellular and cho-
lestatic diseases. Normal albumin levels disfa-
vour chronic aetiologies and signify acute 
processes like viral hepatitis or bile duct disease. 
Prolongation in prothrombin time indicates vita-
min K deficiency due to malabsorption or signifi-
cant hepatocellular dysfunction. No improvement 
in prothrombin time with parenteral vitamin K 
administration suggests severe hepatocellular 
injury.

Acute hepatitis is a serious insult to the liver 
that occurs in a short span of time. Majority of 
affected patients have complete recovery with 
only few patients progress to the extent that acute 
liver failure develops. Minority of patients may 
progress to chronic hepatic disease depending 
upon the cause. Most frequent causes of acute 
hepatitis include drug-induced liver injury 
(DILI), ischaemic hepatitis and alcoholic hepati-
tis, reliably diagnosed by elevated levels of 
aminotransferases.

Ischaemic liver injury occurs in patients with 
profound shock of any aetiology [53]. It is usu-
ally accompanied with striking elevations in 

AST, ALT and INR. These enzymatic alterations 
often develop abruptly and rapidly return to nor-
mal on restoration of adequate perfusion. DILI is 
often difficult to diagnose and mostly it is the 
diagnosis of exclusion based on history of drugs 
intake. It is associated with elevations of AST, 
ALT and ALK and manifests after starting a med-
ication. Majority of cases are an idiosyncratic 
reaction to drugs. Numerous drugs are associated 
with DILI but antibiotics are the common 
culprits.

Other major but rare cause of acute liver fail-
ure is acetaminophen toxicity. Patients usually 
presented with marked elevations of serum ami-
notransferases and INR but mild elevations in 
bilirubin. Levels of acetaminophen are needed to 
determine its exposure either accidental or 
intentional.

Acute viral hepatitis serologies are usually 
indicated for patients with acute hepatitis. Test 
panel includes: hepatitis B surface antigen 
(HBsAg), IgM anti-hepatitis B core antigen (anti- 
HBc), antibody to HBsAg, IgM anti-hepatitis A 
virus, anti-hepatitis C virus antibody (HCV), 
hepatitis C viral RNA and IgM anti-hepatitis E 
virus; in few cases, other non-specific viral ill-
ness based on patient history and risk factors like 
CMV antigen, anti-CMV antibodies, CMV anti-
gen, and, for Epstein-Barr virus, heterophile 
antibody.

Ruling out autoimmune causes by evaluating 
for autoimmune markers (antinuclear antibodies, 
anti-smooth muscle antibodies, anti-liver/kidney 
microsomal antibodies type 1, IgG) is mandatory 
for unexplained jaundice. USG abdomen with 
doppler is also done routinely to look for any clue 
of a vascular occlusion (e.g. Budd-Chiari 
syndrome).

Supplementary tests like serum ceruloplasmin 
level and urinary copper quantitation should be 
done in patients suspected of Wilson disease. If 
the above testing is negative, sometimes a liver 
biopsy is needed if there is no decline in serum 
aminotransferases or if the patient progresses to 
acute liver failure.

Acute bile duct obstruction may manifest with 
clinical picture mimicking acute hepatitis. AST 
and ALT are often raised with near normal or 

2 Physiological Role of Liver and Interpreting Liver Function Tests



28

slightly increased ALT in initial 1–2  days. 
Subsequently as disease progresses, typical grad-
ual elevations in ALK occurs along with decline 
in AST and ALT.  Imaging studies further sub-
stantiate the diagnosis and also help in discerning 
the cause of obstruction. Chronic cholestasis on 
the other hand if not associated with jaundice is 
benign to liver function. It is often recognized by 
the persistent elevations in ALT and 
GGT. Common causes of suspected chronic cho-
lestasis are primary biliary cirrhosis and primary 
sclerosing cholangitis.

Chronic hepatitis does not pose major concern 
in anaesthesia during early stages. Mild impair-
ment in metabolism of drugs may be the only 
concern [54]. There is usually mild increases in 
ALT with near normal AST.  The majority of 
cases are due to HBV or HCV, or to non- alcoholic 
fatty liver disease. In late stages, major concern is 
progression to cirrhosis. It is estimated that up to 
50% of patients infected with chronic HCV 
develop cirrhosis after 20–30 years [55].

2.19  Monitoring Liver Transplant

Orthotopic liver transplantation is the treatment 
of choice for patients with end-stage liver dis-
ease. There is typically a rapid improvement in 
liver function tests with normalization of biliru-
bin, INR, AST and ALT levels. Subsequently, 
about half of the patients may develop acute cel-
lular rejection, often within the first several weeks 
after the procedure. The earliest manifestations 
of rejection are rising liver-associated enzymes, 
particularly GGT and ALK [56]. The escalation 
of ALK reflects likely injury to the bile ducts, that 
is a histologic feature of acute rejection. Increases 
in bilirubin, AST and ALT often occur late, but 
their rise correlates highly with the severity of 
rejection. Multiple factors contribute to the graft 
damage in the perioperative period. These are 
starting from graft procurement (cold and warm 
ischaemia), vascular injuries and most commonly 
bile duct injuries [57]. Because of multiple fac-
tors contributing to liver rejection, relying on 
laboratory tests is questionable. Liver biopsy is 

therefore sometimes required for recipients with 
unexplained abnormalities in liver-related tests.
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A good knowledge of the anatomy of the liver is a 
prerequisite for modern surgery of the liver. 
(H. Bismuth).

3.1  Introduction

The liver, the largest internal organ in the body, 
accounts for approximately 2–3% of the total 
body weight of an adult. The precise knowledge 
of the architecture of the liver, biliary tract, and 
the related blood vessels and lymphatic drainage 
is essential for the successful performance of hep-
atobiliary surgery including liver transplantation.

3.2  Ligaments of the Liver 
(Fig. 3.1)

The liver itself is completely covered by a Glisson 
capsule (a peritoneal layer) except on the poste-
rior surface and envelops all the three structures 
such as hepatic artery, portal vein, and bile duct 
at the hepatic hilum. The ligaments are actually 

the fold of peritoneum which support the liver 
[1]. They are as follows:

• Round ligaments (Ligamentum Teres)
• Falciform ligament
• Coronary ligament
• Right and left triangular ligament
• Ligamentum venosum (Arantius Ligament)

The liver is suspended by the fibrous attach-
ments (ligaments) and hepatic veins except at the 
bare area where it is connected to the diaphragm 
[2]. The two layer of the parietal peritoneum con-
tinues to the falciform ligament and surrounds 
the liver except for the bare area, where the two 
layers separate to form the coronary ligament and 
the left triangular ligament. The left layer of the 
falciform ligament becomes the superior layer of 
the left coronary ligament. The right layer 
becomes the upper layer of the coronary liga-
ment, which meets the lower layer to form the 
right triangular ligament. The lower layer of the 
coronary ligament continues on the posterior sur-
face of the liver and can reflect on the upper part 
of the right kidney to form the hepatorenal liga-
ment. Then it passes in front of the groove for the 
inferior vena cava (IVC), and, after a semicircu-
lar course in front of the caudate lobe, it meets 
the right leaf of the lesser omentum. The leaf of 
the lesser omentum continues in the posterior 
leaf of the left triangular ligament [3].
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Fig. 3.2 (a) Arantius ligament. (b) Arantius ligament - diagramatic. (c) LHV-MHV looped after division of arantius 
ligament

3.2.1  Ligamentum Venosum 
(Arantius Ligament)

This is the remnant of Arantius’ canal (ductus 
venosus) that takes the oxygenated blood from 
the left umbilical vein through the left portal vein 
to the right atrium in fetal life. After birth the duct 
obliterates and persists as the ligamentum veno-
sum or Arantius’ ligament [4] (Fig. 3.2a).

The Arantius ligament usually inserts either 
into LHV or into the groove between the middle 
and the left hepatic vein [5] (Fig. 3.2b). The liga-
ment can then be isolated, pulled upwards and to 
the left, and used to separate the veins when the 
left hepatic vein has to be controlled [6]. This 
maneuver is useful to pass a vessel loop around 
LHV for harvesting LLS graft in LDLT or in situ 
left lateral segment splitting. With further dissec-
tion, the maneuver can be used to encircle the 
common trunk of the left and middle hepatic 

veins to prepare for harvesting of the left liver in 
living donor or split liver transplantation or for 
selective hepatic vein occlusion during liver 
resections (Fig. 3.2c). On the portal side, cutting 
the origin of the ligament close to the portal vein 
(i.e., when the vein is freed from the umbilical 
and the transverse plate) is a key maneuver to 
gain length in the left portal vein (in left donor 
hepatectomy, or during right hepatectomy along 
with portal vein bifurcation resection in perihilar 
cholangiocarcinoma), or exposure in the umbili-
cal plate (in Kasai’s operation).

3.3  Lobar and Segmental 
Anatomy of the Liver

Based on external appearance, the liver has been 
traditionally divided into four lobes, i.e., right, 
left, quadrate, and caudate lobe. The right and left 
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lobes are separated by the falciform ligaments on 
the anterosuperior surface of the liver. The liga-
mentum teres and fissure for the ligamentum 
venosum separate both the lobes on the visceral 
surface of the liver (Fig. 3.3). However, hidden 
beneath this external gross appearance is the sur-
gically and physiologically relevant detailed 
internal anatomy of the liver, also referred to as 
the functional anatomy of the liver.

3.3.1  Functional Surgical Anatomy 
of the Liver

The plane of division between the right and left 
lobes of the liver is not through the obvious falci-
form ligament but rather a plane passing through 
the bed of the gallbladder and the notch of the 
IVC, without other surface indications. This 
observation was first reported by Rex in 1888 and 
subsequently confirmed by Cantlie [7] in 1897 
and Bradley [8] in 1909. However, it required 
another half century for wide acceptance of this 
concept [9]. This imaginary plane which divide 
the liver in right and left functional half is popu-
larly known as Cantlie’s line (or the principal 
plane, median fissure, Rex’s line) (Fig.  3.3 
Cantlie Line).

Based on arterial and portal venous blood sup-
ply, hepatic venous drainage, and biliary drain-
age, the liver is divided into functional lobes, 
sectors (sections), and segments (Fig.  3.4). 
Although various nomenclature exists, the 
Couinaud (1954) concept of hepatic segmentation 
is best known and widely accepted [10]. The 
internal architecture of the liver is composed of a 
series of segments that combine to form sectors 

IVB

IVA

Right Lobe Left Lobe

Falciform 
Ligament

V

VIII

III

II

Cantlie Line

Fig. 3.3 Lobar and segmental anatomy of liver
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Fig. 3.4 Functional 
anatomy of liver. 
(Reprinted with 
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Blumgart’s Surgery of 
the Liver, Biliary Tract 
and Pancreas, Sixth 
Edition, 2017)
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separated by scissurae that contain the hepatic 
veins (Fig.  3.5a, b). Essentially, the three main 
hepatic veins (right, middle, and left) within the 
scissurae divide the liver into four sectors, each of 
which receives a portal pedicle. The main portal 
scissura contains the middle hepatic vein and pro-
gresses from the middle of the gallbladder bed 

anteriorly to the left of the vena cava posteriorly. 
The right and left parts of the liver, demarcated by 
the main portal scissura, are independent in terms 
of portal and arterial vascularization and biliary 
drainage.

The right portal scissura separates the right 
liver into two sectors: anteromedial (anterior) and 

Right
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Medial
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Right Hepatic Vein Middle Hepatic Vein

Left Hepatic Vein
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Inferior Vena Cava
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Functional surgical anatomy of Liver
b

Main Portal Scissura contains MHV (Cantlie Line)

Right Hemi Liver
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VI VII
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Fig. 3.5 (a) Liver segments according to Couinaud’s nomenclature. (b) Functional surgical anatomy of liver
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Table 3.1 Brisbane terminology of liver anatomy and resections (reprinted with permission from Blumgart’s Surgery 
of the Liver, Biliary Tract and Pancreas, Sixth Edition, 2017)

Anatomic term Couinaud segments Surgical resections
Right hemiliver/right lobe 5–8 Right hepatectomy
Left hemiliver/left lobe 2–4 Left hepatectomy
Right anterior section 5, 8 Right anterior sectionectomy
Right posterior section 6, 7 Right posterior sectionectomy
Left medial section 4 (IVA/IVB) Left median sectionectomy/resection of segment 4
Left lateral section 2, 3 Left lateral sectionectomy/bisectionectomy 2, 3

4, 5, 6, 7, 8 Right trisectionectomy/extended right hepatectomy
2, 3, 4, 5, 8 Left trisectionectomy/extended left hepatectomy

posterolateral (posterior). The right hepatic vein 
runs within the right scissura. The sectors are fur-
ther divided into segments by the branches of 
portal veins. The right anterior sector is com-
posed of Couinaud segment V and VIII. The right 
posterior sector is composed of Couinaud seg-
ment VI and VII.

The left portal scissura divides the left liver 
into two sectors, but the left portal scissura is not 
within the umbilical fissure because this fissure is 
not a portal scissura, and instead it contains a por-
tal pedicle. The left portal scissura is located pos-
terior to the ligamentum teres and within the left 
liver, along the course of the left hepatic vein.

Couinaud gave numbers to the segments in a 
clockwise manner starting from I to 
VIII. Couinaud’s sectors are referred to as section 
in Brisbane terminology [11] (Table 3.1).

3.3.2  Bismuth’s Liver Segmentation

He described the three fissures (scissurae) con-
taining the hepatic veins and a transverse fissure 
passing through the right and left portal branches. 
The median fissure containing the MHV divides 
the whole liver into right and left hemiliver, with 
each hemiliver having anterior (topographically 
medial) and posterior (topographically lateral) 
sectors (segments) [12]. He took into specific 
consideration the caudate lobe (segment 1). The 
left lobe is thus divided into three segments: II 
(left lateral superior subsegment), III (left lateral 
inferior subsegment), and IV (left medial subseg-
ment). The right lobe has four segments: V (right 
anterior inferior subsegment), VI (right anterior 

superior subsegment), VII (right posterior infe-
rior subsegment), and VIII (right posterior supe-
rior subsegment).

3.4  Caudate Lobe

The caudate lobe or segment I is the dorsal por-
tion of the liver between the portal vein bifurca-
tion and the IVC (Fig. 3.6a Caudate Lobe). The 
caudate lobe is divided into right and left portions 
and a caudate process. The caudate lobe is inti-
mately related to major vascular structure. On the 
left, caudate lies between the IVC posteriorly, left 
portal triad inferiorly, and IVC and MHV and 
LHV superiorly. The caudate lobe (segment I) 
lies mostly on the left side (Fig. 3.6b). The cau-
date lobe is supplied by blood vessels and drained 
by biliary tributaries from both the right and left 
portal triad. In 44% of individuals, three separate 
ducts drain these three parts of the lobe, whereas 
in another 26%, a common duct lies between the 
right portion of the caudate lobe proper and the 
caudate process and an independent duct that 
drains the left part of the caudate lobe. The bili-
ary drainage of the caudate (segment I) enters 
both the right and the left hepatic duct systems in 
80% of individuals [13]. In 15% of cases the cau-
date lobe drains only into the left hepatic duct 
system, and in 5% it drains only in the right sys-
tem [9]. The right portion of the caudate predom-
inantly receives portal venous blood from the 
right portal vein or from the bifurcation of the 
main portal vein, whereas on the left side, the 
portal supply arises from the left branch of the 
portal vein almost exclusively. The number of 
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Fig. 3.6 (a) Caudate lobe anatomy (reprinted with permission from Blumgart’s Surgery of the Liver, Biliary Tract and 
Pancreas, Sixth Edition, 2017). (b) Caudate lobe anatomy

Fig. 3.7 Hepatocaval LIGAMENT

portal branches to segment 1 varies from 1 to 6 
(average 3) [14]. The hepatic venous drainage of 
the caudate is unique in that it is the only hepatic 
segment that drains directly into the IVC.

3.4.1  Hepatocaval Ligament 
(Makuuchi Ligament)

The posterior edge of the caudate on the left has 
a fibrous component (the hepatocaval ligament or 
dorsal ligament or Makuuchi ligament) that 
attaches to the crus of the diaphragm and extends 
posteriorly behind the vena cava to join segment 
VII on the right side of the IVC (Fig. 3.7). In a 
large proportion of patients, this fibrous tissue is 
replaced by hepatic parenchyma, in whole or in 
part, and the caudate may completely encircle the 
IVC and may contact segment VII on the right 
side; a significant retrocaval component may pre-
vent a left-sided approach to the caudate veins.

In LDLT, during right hepatectomy, the cau-
date vein must be ligated and divided on the right 
side for looping the right portal vein. Failing to 
do so can lead to injury to the portal vein and 
hemorrhage while looping the right portal vein. 
Similarly, the hepatocaval ligament must be 
divided to get exposure to the RHV. While divid-
ing the hepatocaval ligament, one must be careful 

to ligate and divide the caudate vein draining into 
IVC in this ligament.

3.4.2  Riedel Lobe (Fig. 3.8)

Riedel lobe is a tongue-like, inferior projection of 
the right lobe of the liver beyond the level of the 
most inferior costal cartilage on cross-sectional 
images [15]. It is not considered a true accessory 
lobe of the liver but an anatomical variant of the 
right lobe of the liver. It can simulate a mass in 
the right hypochondrium and its misidentification 
as a pathologic abdominal mass has led to sur-
gery in the past [16].
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Fig. 3.8 Riedel lobe

3.5  Hepatic Veins (Venous 
Outflow)

The liver is drained by the three major hepatic 
veins (right, middle, and left) and around 10–50 
smaller veins that open into the IVC [17]. The 
major hepatic veins lie within the three major 
scissura of the liver dividing the liver parenchyma 
into the right anterior and posterior sectors, and 
the right and left lobes.

The right hepatic vein is the largest among the 
three major hepatic veins and has a short extrahe-
patic course of approximately 1–2 cm and drains 
directly into suprahepatic IVC. The right hepatic 
vein lies within the right scissura (or segmental 
fissure) and divides the right lobe into a posterior 
(segments VI and VII) and anterior (segments V 
and VIII) sector. The RHV mainly drains the 
right posterior sector and part of the right anterior 
sector.

The middle hepatic veins lie within the main 
hepatic scissura (or main lobar fissure) separating 
the right anterior sector (segments V and VIII) 
from the quadrate lobe (segment IV). The MHV 
drains both the part of right anterior sector (seg-
ments V and VIII) and segment IV.

The Umbilical Fissural Vein is a tributary 
flowing into the LHV, the middle hepatic vein 
(MHV), or the confluence of the LHV and MHV; 
it runs along the umbilical fissure and drains seg-
ments III and IV [17–19]. In a study of 358 
RT-LDLT by Soin et  al. [20], UFV (or fissural 
vein) was seen on CT scan in 233 (65.2%) 
patients. Of these, fissural vein was seen to drain 

both segments IVA and IVB in 92 (39.5%), IVA 
alone in 11 (4.7%), and IVB alone in 130 (55.8%) 
patients. Fissural vein was found to cranially 
drain into the LHV in 179 (76.8%), MHV in 30 
(12.8%), and into the LHV–MHV junction in 23 
(9.8%) patients. Although segments IVA and IVB 
predominantly drained into the MHV, their alter-
native drainage into the LHV, either directly or 
through the fissural vein, was found in 288 
(80.3%) and 332 (92.8%) patients, respectively.

The left hepatic vein lies within the left scis-
sura (or the left segmental fissure) in line with or 
just to the right of the falciform ligament and 
drain the left lateral segment of the liver (II and 
III). In about 60% of individuals, the left and 
middle veins unite to form a common venous 
channel of approximately 2 cm in length that tra-
verses to the left part of the anterior surface of the 
IVC below the diaphragm to enter the IVC as a 
single vein [17]. In the rest, MHV and LHV may 
drain separately into IVC.

The branching pattern of MHV is important in 
LDLT as it drains both the right liver (V and VIII) 
and the left liver (Segment IV). MHV main stem 
is usually formed by two main branches of seg-
ment V and IVb. In some cases, the middle 
hepatic vein was formed by a single strong vessel 
that received smaller branches from adjacent tis-
sue to the left and right. MHV anatomy has been 
defined by Neumann [21], Hwang [22], and 
Nakamura [17].

We have classified the MHV anatomy by 
modifying the Neumann classification into four 
types [23] as opposed to three types by Neumann 
et al. with type 4 being a mirror image of type 3 
or what we call double or bifid MHV 
(Fig. 3.9a–d).

The MHV (Neumann Type 1) was formed by 
two equally sized secondary vessels that origi-
nated in segments 5 and 4b (Fig.  3.2a). Above 
this junction, venous branches from segments 
VIII and IVa joined the main stem on both sides. 
This type of MHV anatomy is suitable for modi-
fied right lobe graft (MRLG). The MHV 
(Neumann Type 2) can be described as a single, 
strong vessel that receives branches from adja-
cent tissue throughout its complete course. This 
type of MHV anatomy is suitable for partial right 
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Fig. 3.9 (a–d) Neumann Type 1, 2, 3, 4 MHV

lobe graft (PRLG). The MHV Neumann type III 
is similar to type I in its overall configuration, but 
the main stem branches unequally with the right 
branch extending far into Segments V and 
VI. The Neumann type 3 and 4 anatomy is suit-
able for modified extended right lobe graft 
(MERLG) [21, 23].

The hepatic venous drainage of segment IV is 
of utmost important in RL LDLT. Hwang et al. 
[22] have classified segment IV drainage as type 
A (middle hepatic vein [MHV] dominant), type 
B (middle hepatic vein dominant, but enabling 
preservation of dorsal V4 branch), type C 
(mixed), and type D (left hepatic vein [LHV] 
dominant). Segment 4 venous drainage was clas-
sified as favorable or unfavorable as it shifted 
from predominantly into the left hepatic vein 
(LHV) to the proximal MHV, the same as the 
Nakamura/Hwang classification. The LHV dom-
inant (Nakamura type 1, Hwang type C, D) type 
was considered favorable for a MERLG, whereas 
a MRLG was chosen for Nakamura 3, Hwang 
A. A PRLG was selected for partially favorable 

(Nakamura 2, Hwang B) venous anatomy 
(Fig. 3.10a–c) [21–23].

3.5.1  Right Inferior Hepatic Veins: 
RIHV (Fig. 3.11)

One or more accessory right inferior hepatic 
vein(s) is the most common variation in the 
hepatic venous system. It is present in 48–55% of 
the population and drains mainly the right poste-
rior sector (segments VI and VII) directly into the 
IVC [24–26]. The size of RIHVs is related to the 
size of the right hepatic vein, i.e., the larger the 
diameter of the right hepatic vein, the smaller the 
diameter of the RIHV, and vice versa. The RIHVs 
are divided into the superior, medial, and inferior 
right hepatic veins according to the position of 
the RIHV entering the inferior vena cava. The 
superior right hepatic vein mainly drains the 
superior part of segment VII, and the medial right 
hepatic vein drains the middle part of segment 
VII [27]. RIHV >5  mm in diameter must be 
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Fig. 3.10 (a–c) Nakamura Type A, B, C MHV

Fig. 3.11 Right inferior hepatic vein

reconstructed to avoid the congestion of right 
posterior sector in RL LDLT [28]. There may be 
more than one RIHV in an individual. During 
right hepatectomy, these veins must be dissected 
and ligated to avoid hemorrhage.

3.5.2  Inferior Phrenic Veins

The right and left inferior phrenic vein drains into 
the cranial most part of the RHV and common 
trunk of MHV and LHV respectively. These infe-
rior phrenic veins must be ligated and divided to 
get better exposure of these major hepatic veins. 
Their stumps need ligation when the suprahe-
patic inferior vena cava is being prepared in a 
deceased donor liver graft on the bench prior to 
implantation.

3.6  Anatomical Relations 
Around the Hilum

A precise knowledge of the hilar anatomy and its 
variation is the key for portal dissection and divi-
sion of hilar structures. Dissection, preparation, 
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Fig. 3.12 Hepatic hilum

and division of the hilar structures are of vital 
importance in LDLT. The hepatic hilum and the 
hepatoduodenal ligament are composed of three 
main structures positioned in layers antero- 
posteriorly (Fig. 3.12).

The portal vein is located in the most dorsal 
aspect, hepatic artery is anterior to it in the mid-
dle layer, and the bile duct is located in the most 
ventral part.

3.6.1  Extrahepatic and Intrahepatic 
Vasculature

The liver has a dual blood supply from the portal 
vein [29, 30] and common hepatic artery. The 
portal vein is responsible for approximately 70% 
and the hepatic artery for 30% of the blood flow 
of the liver. Although 70% of the blood supplied 
to the liver comes from the portal vein, it only 
supplies 50% of the oxygen supply to the liver, 
and the hepatic artery the remaining half. In the 
liver, arteries, portal veins, and bile ducts are sur-
rounded by a fibrous sheath, the Glissonian 
sheath [23]. Hepatic veins in the hepatic paren-
chyma lack such protection [2].

3.7  Portal Vein

The portal vein (Fig. 3.13) is 7–10 cm long, 0.8 
and 1.4 cm in diameter, and is without valves. It 
is formed by the confluence of the superior mes-
enteric vein and the splenic vein behind the neck 
of the pancreas [3]. There are anterior and poste-
rior and superior and inferior pancreaticoduode-
nal veins that drain to the portal vein and the 
SMV. The left gastric vein and the inferior mes-
enteric vein (IMV) usually drain into the splenic 
vein, but they can drain directly into the portal 
vein, whereas the various small splenic tributar-
ies drain directly to the splenic vein. At the porta 
hepatis, the portal vein bifurcates into right and 
left branches before entering the liver.

The right branch of the portal vein is located 
anterior to the caudate process and is shorter than 
LPV. Near its origin it gives off 1–3 branches for 
the caudate lobe. The right portal vein divides 
into anterior (supplying segments V and VIII) 
and posterior (supplying segments VI and VII) 
branches. Each segmental branch further divides 
into inferior and superior subsegmental branches 
for its respective parenchymal subsegments.

The left portal vein may be divided into trans-
verse and umbilical portions, as delineated by the 
ligamentum venosum, and is mostly extrahepatic 
in course. It begins in the porta hepatis as the 
transverse part [12], which gives off a caudate 
branch, and travels to the left. At the level of the 
umbilical fissure, the umbilical part turns sharply. 
It courses anteriorly in the direction of the round 
ligament and terminates in a cul-de sac proxi-
mally to the inferior border of the liver. Further 
on, the left portal vein divides into medial and 
lateral segmental branches, each with superior 
and inferior subsegmental branches [2].

Portal vein (PV) variations are one of the com-
mon vascular variations (incidence up to 22%) in 
RL grafts and usually associated with a high rate 
of anatomical biliary variations [31–34]. The 
clinical implications of PV and biliary variations 
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Fig. 3.13 Portal Vein (PV)

include technically challenging operations with 
complex reconstructions, as well as the rejection 
of potential donors.

Nakamura et  al. [31] have classified the 
branching pattern of the portal vein to the right 
lobe into five types, which were defined by 
branches to the anterior segment.

3.8  Hepatic Artery

The usual classic description of the arterial blood 
supply of the liver and biliary system is found in 
only approximately 55% of patients [35] 
(Fig. 3.14). Aberrant hepatic arteries are a com-
mon variation of the hepatic vascular anatomy 
and can be classified as either accessory (occur-
ring in addition to the normal arterial supply) or 
replaced (representing the primary arterial supply 
to the lobe). The incidences of aberrant left and 
right hepatic arteries are 12–22% and 13–25%, 
respectively [35–38].

The celiac trunk divides into three major arte-
rial branches, i.e., left gastric artery, splenic 
artery, and common hepatic artery immediately 
after its origin from the aorta. The common 
hepatic artery usually takes origin from the celiac 
trunk (86%); however it may take origin from 
other sources like the superior mesenteric artery 

(2.9%), the aorta (1.1%), and, very rarely, the left 
gastric artery [39].

The common hepatic artery then runs horizon-
tally along the upper border of the head of the 
pancreas covered by the peritoneum of the poste-
rior wall of the omental bursa. The gastroduode-
nal artery that supplies the proximal duodenum 
and pancreas is typically the first branch of the 
common hepatic artery. The right gastric artery 
takes off shortly thereafter and continues within 
the lesser omentum along the lesser curve of the 
stomach. The common hepatic artery continues 
as the proper hepatic artery which soon divides 
into the right and left hepatic arteries.

While coursing through the hepatoduodenal 
ligament, the proper hepatic artery, common 
bile duct, and portal vein are enveloped in a 
peritoneal sheath within the hepatoduodenal 
ligament. The proper hepatic artery bifurcates 
earlier than the common bile duct and portal 
vein. In 80% of cases the right hepatic artery 
courses posterior to the common hepatic duct 
before entering the hepatic parenchyma. In 20% 
of cases, the right hepatic artery may lie anterior 
to the common hepatic duct. Before entering the 
liver, the right hepatic artery gives off the cystic 
artery in the hepato-cystic triangle located 
between the cystic duct and the common hepatic 
duct (Fig.  3.15). Upon reaching the hepatic 
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parenchyma, the right hepatic artery branches 
into right anterior (segments V and VIII) and 
right posterior sectoral branches (segments VI 
and VII) [40]. An artery for the caudate lobe 
also originates from the right hepatic artery and 
supplies the caudate process and the right side 
of the caudate lobe. These arteries are found 
under the respective bile duct branches [12].

In case of replaced RHA or accessory RHA 
from SMA, the hepatic artery passes posterior 
and then lateral to the portal vein while it ascends 
and lies posterolateral to the CBD in the hepato-
duodenal ligament, where it is susceptible to 
operative injury if not recognized.

The left hepatic artery runs vertically towards 
the umbilical fissure where it gives off a small 
branch (often called the middle hepatic artery or 
segment 4 artery) to segment IV, before continuing 
on to supply segments II and III.  In 25–30% of 
cases, the left hepatic artery arises from the left gas-
tric artery. In 40% of subjects the left hepatic artery 
branches into a median and a lateral segmental 
artery [35, 39, 40]. Additional small branches of 
the left hepatic artery supply the caudate lobe (seg-
ment I), although caudate arterial branches may 
also arise from the right hepatic artery.

Careful identification of multiple hepatic 
arteries and their source [41], as well as their 
preservation is essential in retrieval of deceased 
donor liver grafts. The multiple arteries can be 
taken on one stem of the celiac artery or SMA by 
anastomosing the separate stumps on the bench. 
Alternatively, two separate anastomoses can be 
performed in the recipient. Restoring complete 
arterial supply to both partial and full grafts is 
vital in liver transplantation to avoid both paren-
chymal necrosis and biliary complications.

Segment IV artery usually arises from the 
LHA; however, in approximately 11% of 
patients, it arises from the RHA (Fig. 3.16) and 
may traverse the transection plane to ascend 
into the left lobe [42, 43]. The segment 4 artery 
may arise from RAHA or RPHA or very rarely 
from GDA.  Similarly, there may be two seg-
ment IV artery one each from RHA and LHA. 
Similarly the identification of the dominant 

arterial supply to segment IV is very important 
because its integrity is indispensable for the 
regeneration of remnant donor liver. In such 
cases, RHA is divided distal to the origin of 
segment IV artery. It is important to ensure pre-
operatively that the RHA segment distal to seg-
ment IV artery is of sufficient length to permit 
anastomosis. Similarly, for the left-sided liver 
graft, the origin of segment 4 artery plays a 
major role in deciding the number of arterial 
stump in the graft. If the segment 4 artery arises 
from the LHA, then there will be single arterial 
stump in the graft. However, if the segment IV 
artery arises from other than the LHA, there can 
be more than one arterial stump depending on 
the origin of segment IV and if any accessory or 
replaced LHA.

Michels et  al. [35] first reported ten basic 
types of hepatic arterial supply (Table  3.2). 
However, the classical hepatic arterial anatomy 
was seen in approximately 55% of the popula-
tion, while the remaining have a variant arterial 
anatomy. Since then, common and rare hepatic 
artery variants have been reported. Most of these 
studies, however, focused only on replaced or 
accessory arterial branches that are helpful for 
whole-liver harvesting and transplantation. 
However, in LDLT the number of hepatic artery 
orifice in the graft is more important than the ori-
gin of the artery.

Fig. 3.16 Segment 4 HA arising from RHA
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Table 3.2 Micheles classification

Type Description Michels’s series (n = 200)
1 Normal 55%
2 Replaced LHA from LGA 10
3 Replaced RHA and MHA from SMA 11
4 Replaced LHA from LGA, and replaced RHA from 

SMA
1

5 Accessory LHA 8
6 Accessory RHA 7
7 Accessory LHA and accessory RHA 1
8 Accessory LHA and replaced RHA, or replaced 

LHA and accessory RHA
2

9 PHA from SMA 4.5
10 PHA from LGA 0.5

Based on the number of hepatic artery stumps 
in right liver LDLT, the anatomy of RHA can be 
classified into four types [44].

 1. Single Arterial Orifice—Type 1
 2. Multiple Arterial Orifice—Type 2, 3, and 4

• Single Arterial Orifice
 – Type 1: single artery in the right liver graft
 – Type 1A, normal anatomy in which RHA 

originates from the common hepatic artery 
and the middle hepatic artery (MHA/A4) 
originates from the LHA

 – Type IB, similar as Type IA, but MHA/A4 
originates from RHA

 – Type IC, replaced RHA from superior mes-
enteric artery (SMA)

 – Type ID, replaced RHA and MHA from the 
SMA

 – Type IE, entire common hepatic artery 
from the SMA and the MHA from the LHA

 – Type IF, same as with Type IE except for 
the MHA originated from the RHA

• Multiple Arterial Orifice
The hepatic arterial bifurcations that might 

provide multiple orifices in the right liver graft 
were divided into three types.

Multiple orifices
 – Type II

MHA/A4 originates from the parame-
dian (Type IIA) or lateral branch (Type 
IIB) of the RHA (from RPHA/RAHA).

 – Type III: the right paramedian and lateral 
branch of the RHA has separate origin.

IIIA—right lateral branch from the LHA
IIIB—right lateral branch from the 
SMA

 – Type IV: accessory branch from segment 
VI (A6). This type was divided into three 
subtypes according to the root of A6 as 
follows:

Type IVA, from the hepatic artery proper
Type IVB, from the celiac trunk
Type IVC, from the superior pancreati-
coduodenal artery

Although multiple hepatic arteries are more 
common in left lobe graft, up to 5% of right lobe 
graft can have multiple arteries [45, 46]. 
Dilemma exists whether to reconstruct all or 
perform partial reconstruction, sacrificing 
smaller less conspicuous one. The proponents 
suggest that all the hepatic arteries need to be 
reconstructed to minimize the risk of biliary 
complications [47, 48] whereas several other 
studies mainly in L-LDLT with multiple graft 
had shown that partial reconstruction of multi-
ple hepatic arteries did not increase the biliary 
complication rate and possibly decreased 
hepatic artery complication [49, 50]. We recom-
mend reconstruction of the second or even a 
third artery in right- and left-sided living donor 
grafts if they do not have a pulsatile backflow 
after reconstruction of the first artery.
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3.9  Biliary Anatomy

Understanding the surgical anatomy of the bili-
ary ductal system along with its variations at 
porta is of great surgical important in the LDLT 
during the donor hepatectomy. Anomalies of the 
bile duct are more common than those of the por-
tal vein [9]. Preoperative MRCP is done to know 
the biliary anatomy of the potential donor. 
Intraoperative cholangiogram is usually done to 
visualize the biliary anatomy and to identify the 
precise site of bile duct division.

3.9.1  Intrahepatic Bile Duct 
Anatomy

Bile canaliculi are formed by parts of the mem-
brane of adjacent parenchymal cells, and they are 
isolated from the perisinusoidal space by the 
junctions. Bile flows from the canaliculi through 
ductules (canals of Hering) into the interlobular 
bile ducts found in portal pedicles.

3.9.2  The Right Hepatic Duct

The right hepatic duct has short extrahepatic 
course formed by the union of right anterior and 

right posterior sectoral ducts. The right posterior 
sectional duct is formed by the confluence of the 
duct of segments VI and VII and has an almost 
horizontal course. The right anterior sectional 
duct is formed by the confluence of the ducts 
draining segments V and VIII (Fig.  3.17). The 
RPSD then runs to join the right anterior sec-
tional duct, as it descends in a vertical manner 
[13]. The junction of these two RASD and RPSD 
usually occurs above the right branch of the por-
tal vein. The right hepatic duct is short and joins 
the left hepatic duct to constitute the confluence 
lying in front of the right portal vein and forming 
the common hepatic duct.

3.9.3  The Left Hepatic Duct

The left hepatic duct drains the three segments—
II, III, and IV—that constitute the left liver. The 
segment III is joined by the tributary from seg-
ment IVb to form the left duct, which is similarly 
joined by the duct of segment II and the duct of 
segment IVa. The left hepatic duct traverses 
beneath the left liver at the base of segment IV, 
just above and behind the left branch of the portal 
vein; it crosses the anterior edge of that vein and 
joins the right hepatic duct to constitute the 
hepatic ductal confluence.

Left hepatic duct

VIII

III

II

Common hepatic
duct

Common bile
duct

Right hepatic duct

VII

V

VI

IV

Fig. 3.17 Normal 
biliary anatomy. 
(Reprinted with 
permission from 
Blumgart’s Surgery of 
the Liver, Biliary Tract 
and Pancreas, Sixth 
Edition, 2017)
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3.9.4  Extrahepatic Biliary Anatomy

The extrahepatic bile ducts represent the extrahe-
patic segments of the right and left hepatic ducts 
which join to form the biliary confluence, CHD 
and CBD. The cystic duct joins the CHD to form 
the CBD (average diameter 6 mm) draining to the 
duodenum. The confluence of the right and left 
hepatic ducts occurs at the right of the hilar fis-
sure of the liver, anterior to the portal venous 
bifurcation and overlying the origin of the right 
branch of the portal vein. The biliary confluence 
is separated from the posterior aspect of segment 
IVB of the liver by the hilar plate, which is the 
fusion of connective tissue enclosing the biliary 
and vascular elements with the Glisson capsule. 
The common bile duct courses downward ante-
rior to the portal vein, in the free edge of the 
lesser omentum while the HAP runs in upward 
direction on the left side of the CBD and give rise 
to RHA which crosses the CBD usually posteri-
orly. In around 20% of the case, RHA runs ante-
rior to CBD. The cystic artery, arising from the 
RHA, may cross the common hepatic duct poste-
riorly or anteriorly.

3.9.5  Biliary Ductal Anomalies

The normal biliary confluence formed by union 
of the right and left hepatic ducts is reported in 
only 72% of patients [9]. There is trifurcation of 
biliary confluence into the right anterior and pos-
terior sectional ducts and the left hepatic duct in 
12% of individuals, and a right sectional duct 
joins the main bile duct directly in 20%. In 16% 
the right anterior sectional duct, and in 4% the 
right posterior sectional duct, may approach the 
main bile duct in this fashion. In 6%, a right sec-
tional duct may join the left hepatic duct (the pos-
terior duct in 5% and the anterior duct in 1%). In 
3%, there is an absence of the hepatic duct con-
fluence, and the right posterior sectional duct 
may join the neck of the gallbladder, or it may be 
entered by the cystic duct in 2% [10] (Fig. 3.15). 
All these biliary ductal variations are important 
to recognize during cholecystectomy and donor 
hepatectomy.

In around 20–50% of cases, there may be a 
subvesical duct embedded in the cystic plate 
which joins either common hepatic duct or 
RHD. It does not drain any specific liver territory 
and never communicates with the gall bladder. 
The importance of this variant anatomy lies in the 
fact that it may get injured during cholecystec-
tomy if the cystic plate is not preserved and may 
lead to postoperative bile leak [13].

In 67% of patients [9] a classic distribution of 
the main left intrahepatic biliary ductal system 
exists. The main variation in this region is repre-
sented by a common union between the ducts of 
segments III and IV in 25%, and in only 2% does 
the duct of segment IV join the common hepatic 
duct independently.

The mode of union of the cystic duct with the 
common hepatic duct may be angular, parallel, or 
spiral. An angular union is the most frequent and 
is found in 75% of patients. The cystic duct may 
run a parallel course to the common hepatic duct 
in 20%, with connective tissue ensheathing both 
ducts. Finally, the cystic duct may approach the 
CBD in a spiral fashion [13, 51]. The absence of 
a cystic duct is probably an acquired anomaly, 
representing a cholecystocholedochal fistula.

Although several other classifications of vari-
ation in hilar biliary anatomy exist, the Huang 
Classification [52] of variation in hilar biliary 
anatomy is simple to comprehend and helpful to 
predict the number of graft bile duct orifice in 
procurement of right lobe graft in LDLT.  In 
LDLT, recognition of such biliary anatomy is 
important to procure the graft without compro-
mising the donor safety and optimal biliary out-
comes in recipient.

3.9.6  Bile Duct Blood Supply

The bile duct may be divided into three segments 
to simplify the blood supply of the bile duct: 
hilar, supraduodenal, and retropancreatic. The 
blood supply of the supraduodenal duct is mainly 
arterial, essentially axial, and runs along the lat-
eral borders of the bile duct at 3 o’clock and 9 
o’clock position [53] (Fig. 3.18). Most vessels to 
the supraduodenal duct arise from the superior 
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Fig. 3.18 The bile duct blood supply (reprinted with per-
mission from Blumgart’s Surgery of the Liver, Biliary 
Tract and Pancreas, Sixth Edition, 2017). Note the axial 
arrangement of the vasculature of the supraduodenal por-
tion of the main bile duct and the rich network enclosing 
the right and left hepatic ducts: right branch of the hepatic 
artery (a), 9 o’clock artery (b), retroduodenal artery (c), 
left branch of the hepatic artery (d), hepatic artery (e), 3 
o’clock artery (f), common hepatic artery (g), gastroduo-
denal artery (h)

pancreaticoduodenal artery, right hepatic artery, 
cystic artery, gastroduodenal artery, and retrodu-
odenal artery. On average, eight small arteries 
supply the supraduodenal bile duct. Of the blood 
vessels vascularizing the supraduodenal duct, 
60% run upward from the major inferior vessels, 
and only 38% of arteries run downward, originat-
ing from the right hepatic artery and other ves-
sels. Only 2% of the arterial supply is nonaxial, 
arising directly from the main trunk of the hepatic 
artery, as it courses up parallel to the main biliary 
channel [13].

The hilar ducts receive a copious supply of 
arterial blood from surrounding vessels, forming 
a rich network on the surface of the ducts in the 
sub-Glissonian plane, underneath the hilar 
sheath, in continuity with the plexus around the 
supraduodenal duct [54]. To avoid biliary stric-
ture in LDLT, we follow a strict protocol of har-
vesting the graft hepatic duct along with its hilar 
plate Glissonian sheath (HPGS) covering during 
living donor hepatectomy [55].

The source of blood supply to the retropancre-
atic CBD is from the retroduodenal artery, which 
provides multiple small vessels running around 
the duct to form a mural plexus.

To avoid bile duct ischemia, the RHA should 
be divided to the right of bile duct during harvest-
ing of a right lobe graft, especially if it is closely 
adherent to the undersurface of the CBD. Similarly 
the RHA should not be dissected from the bile 
duct during recipient hepatectomy, and the RHA 
should be divided to the left of bile duct during 
recipient hepatectomy, unless its anterior/poste-
rior branch(es) are needed for later graft arterial 
reconstruction. In the latter instance, care should 
be taken not to bare the CBD while separating the 
artery from it.

The veins draining the bile ducts are satellites 
to the corresponding described arteries, draining 
into 3 o’clock and 9 o’clock veins along the bor-
ders of the common biliary channel. Veins drain-
ing the gallbladder empty into this venous system, 
not directly into the portal vein, and the biliary 
tree seems to have its own portal venous pathway 
to the liver.

3.10  Gallbladder and Cystic Duct

The gallbladder is a reservoir located on the 
undersurface of the right lobe of the liver (seg-
ments V and IVB) within the cystic fossa. GB is 
separated from the hepatic parenchyma by the 
cystic plate which is composed of connective tis-
sue that extends to the left as the hilar plate.

The gallbladder is divided into a fundus, a 
body, and a neck. The fundus usually reaches the 
free edge of the liver and is closely applied to the 
cystic plate. The cystic fossa is a precise anterior 
landmark to the main liver incisura. The neck of 
the gallbladder makes an angle with the fundus 
and creates Hartmann’s pouch, which may 
obscure the common hepatic duct and constitute 
a real danger point during cholecystectomy. The 
cystic duct arises from the neck or infundibulum 
of the gallbladder and extends to join the com-
mon hepatic duct.

The cystic duct has a diameter of approxi-
mately 1–3 mm, and its length varies, depending 
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on the type of union with the common hepatic 
duct and cystic duct. The mucosa of the cystic 
duct is arranged in spiral folds known as the 
valves of Heister. The cystic duct usually joins 
the CHD in supraduodenal part (in 80% cases); it 
may extend downward to the retroduodenal or 
retropancreatic area. Occasionally, the cystic 
duct may join the right hepatic duct or a right 
hepatic sectional duct.

3.10.1  The Calot’s Triangle (Fig. 3.19)

The Calot’s triangle has the following 
boundaries:

• Upper border—inferior surface of the right 
lobe of the liver

• Lower border—cystic duct
• Base—CHD
• Content—Cystic artery, or RHA

Dissection of the triangle of Calot is of key 
significance during cholecystectomy to avoid the 
injury of RHA. In case of replaced or accessory 
common or right hepatic artery, it usually runs 
behind the cystic duct to enter the triangle of 
Calot (Fig. 3.19).

When freely patent, the cystic duct is occasion-
ally used for biliary reconstruction in RL LDLT in 
case the liver graft has multiple hepatic ducts.
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4Pathophysiology of Chronic Liver 
Disease

Anjan Trikha and Bikash Ranjan Ray

4.1  Introduction

The liver being the largest solid organ in the 
human body is affected by many different patho-
genic agents and processes. Increasing incidence 
of liver disease is primarily driven by lifestyle 
factors (alcohol, obesity) and infection of the 
liver parenchyma. Liver diseases can be mani-
fested in a number of ways, which may be acute 
or chronic, focal or diffuse, mild or severe. Acute 
liver disease is a self-limiting disease in which 
symptoms do not persist beyond 6 months. Most 
cases are due to episodes of hepatocyte inflam-
mation or damage, which resolve without caus-
ing any further complications. Mostly the 
manifestation of acute liver disease (e.g., viral 
hepatitis) is so mild that they never come to med-
ical attention. However the entire liver may be 
affected in few cases leading to fulminant liver 
failure, which is a life-threatening condition. In 
chronic liver disease the symptoms persist for 
more than 6 months. It occurs because of perma-
nent structural damage to the liver architecture as 
a result of continued inflammation of the hepato-
cytes after the primary insult. Cirrhosis is the ulti-
mate consequence of progressive liver injury. 
Cirrhosis develops in a subset of cases of chronic 
liver disease and may be a consequence of 

repeated episodes of acute liver injury. Cirrhosis 
is manifested as a grossly impaired liver function 
due to decrease amount of functional liver tissue. 
Change in liver architecture leads to change in 
the physics of blood flow in and around the liver. 
Elevation in portal vein pressure diverts blood 
away from the liver causing portosystemic shunt-
ing, which has a profound effect on functioning 
of various organ systems.

Understanding of the liver parenchymal 
arrangement and blood flow is critical to the 
understanding of the liver inflammation.

4.2  Cellular Anatomy of the Liver

The liver is the largest organ in the human body 
and is located in the right upper quadrant of the 
abdomen. The liver receives around 25% of the 
cardiac output from the portal vein and the 
hepatic artery [1]. The blood flow exits the liver 
via the central veins which drains into the hepatic 
vein and finally to the inferior vena cava [2].

The liver parenchyma consists of hepatocytes, 
which are organized into plate of hepatocytes, and 
is supported by reticuloendothelial cells. These 
one-cell-thick plates of hepatocytes are separated 
from each other by vascular spaces called sinu-
soids. The blood from the portal vein and the 
hepatic artery is mixed in these sinusoids while 
flowing toward the central vein. The reticuloendo-
thelial cells, which consist approximately 30% of 
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all cells of the liver, have diverse types of cells [2]. 
Endothelial cells (makes the boundary of the sinu-
soids), Kupffer cells (specialized macrophages), 
and stellate cells (fat storing cells) are the most 
important cell types in the reticuloendothelial cell 
meshwork. These cells perform specific functions 
by communicating with each other and with the 
hepatocytes. Dysfunction of these cells leads to 
different grades of inflammations, starting from 
necrosis of hepatocytes in acute liver diseases to 
fibrosis in chronic liver disease and cirrhosis.

Liver architecture has been traditionally 
described in terms of the lobule. In a lobule arrays 
of hepatocyte plates are organized in the form of 
a hexagon around a central vein with portal triads 
at the corners of the hexagon. The portal triad 
consists of a bile canaliculus, portal venule, and 
hepatic arteriole. The hepatocytes adjacent to the 
portal triad consist of the limiting plate and dis-
ruption of this is a significant marker of some 
immune-mediated liver disease [2].

4.3  Etiology of Chronic Liver 
Disease

Many different pathogenic agents and processes 
cause chronic liver disease. These etiologies can 
be simply classified as per Table 4.1.

Although many factors contribute toward the 
development of chronic liver disease, they ulti-

mately lead to development of cirrhosis. The 
three common model of hepatic injury are the: 
alcoholic-induced model, post viral hepatitis 
model, and drugs- and toxin-induced model.

4.4  Pathophysiology of Chronic 
Liver Disease

Irrespective of the etiology the path of progres-
sion of a liver injury to chronic liver injury fol-
lows a similar flow, which is demonstrated in 
Flow Diagram 4.1.

4.4.1  Basics of Liver Inflammation

The classical picture of any insult to the liver is 
inflammation and damage leading to produc-
tion of stressed hepatocytes. Persistent and 
recurrent injuries ultimately lead to hepatic 
fibrosis, which is the common end point for 
most of the chronic liver disease. Normally the 
liver eliminates the cellular debris produced by 
the inflammation and tries to restitute the cel-
lular integrity by regeneration. However when 
the liver fails to maintain this sequence of elim-
ination and regeneration, inflammation contin-
ues and fibrosis follows. When the fibrosis 
becomes an irreversible process, then the cir-
rhosis sets in.

Different types of disease may lead to differ-
ent patterns of fibrosis during disease progres-
sion. Histology shows predominance of different 
fibrogenic cells in different types of fibrosis [3, 
4]. Chronic infection of the liver caused by hepa-
totropic viruses follows a classic pattern of 
inflammation, the death of hepatocytes, and 
finally liver fibrosis [5] whereas alcoholic hepati-
tis and nonalcoholic steatohepatitis are associ-
ated with a change in hepatocyte lipids on 
histology, hepatocyte ballooning/necrosis, neu-
trophil infiltration, and the development of a par-
ticular type of fibrosis. Chronic or persistent 
obstruction of the biliary tree leads to hepatocyte 
necrosis and to lobular bile infarcts due to exten-
sive proliferation of periductular fibroblasts [6].

Table 4.1 Chronic liver failure etiology

Etiology of chronic liver failure
Common causes: Lesser common causes:
•  Alcohol •  Drug and toxin 

induced
•  Chronic viral hepatitis 

(B and C)
•  Autoimmune chronic 

hepatitis (1, 2, and 3)
•  Biliary obstruction •  Genetic and metabolic 

disease
   – Biliary atresia •  Infection
   – Cystic fibrosis •  Idiopathic
•  Primary and secondary 

biliary cirrhosis
•  Veno-occlusive disease

•  Nonalcoholic fatty liver 
diseases (NAFLD)

•  Vascular abnormalities

•  Hemochromatosis •  Miscellaneous
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Recurrent and Sustained Inflammation of Liver Parenchyma

Fibrosis, Scaring & Nodular regeneration

Irreversible damage to the liver architecture

Cirrhosis

Complications

Portal
Hypertension

Flow Diagram 4.1 Pathophysiol-
ogy of chronic liver disease

4.4.2  Cells Involved in Liver 
Inflammation

Hepatocytes constitute 70–80% of the cytoplas-
mic mass of the liver and have an average life 
span of 5  month, with the ability to regenerate 
[7]. Hepatocytes are responsible for most of the 
functions of the liver. They are also responsible 
for the synthesizing cytokines, acute phase pro-
teins like C-reactive protein (CRP) or serum 
amyloid A (SAA), and many others during an 
acute phase [8, 9]. These cells also possess differ-
ent intracellular defense mechanism to combat 
any acute insult. However when these defense 
mechanisms are not sufficient to withstand, the 
damaging cells start to synthesize chemokines, 
which are supposed to be responsible for attrac-
tion of inflammatory cells like granulocytes and 
mononuclear phagocytes and activation of resi-
dent macrophages. In this attempt to eliminate 
the damage, the defense response however leads 
to death of the stressed hepatocyte.

Hepatic stellate cells (HSC) have a very 
important role as they modulate the inflammatory 
conditions, based on their capability of cytokine 
and chemokine production.

Hepatic stellate cells might also play a role 
during liver inflammation by modulating the 
recruitment and migration of mononuclear cells 
within the perisinusoidal space of diseased 
livers.

Sinusoids display a discontinuous, fenestrated 
endothelial cell lining. The sinusoidal “wall” 
does not possess a basement membrane and the 
endothelial cells are separated from the hepato-
cytes by the space of Disse which drains lymph 
into the portal tract lymphatics [7]. During 
inflammation the chemokine expression profile 
of the normal hepatic endothelium changes. 
Similarly to the chemokine profile the expression 
pattern of adhesion molecules also changes in the 
endothelial cells.

Kupffer cells are scattered within the liver 
sinusoid; they are a major part of the reticuloen-
dothelial system and phagocytose spent erythro-
cytes. Kupffer cells are the specialized 
macrophages of the liver that form a major part of 
the reticuloendothelial system (mononuclear 
phagocyte system) [10].

Activation of Kupffer cells results in secretion 
of a large number of chemical mediators, most of 
which can induce liver injury either by acting 
directly on the liver cells or via chemoattraction 
of extrahepatic cells (e.g., neutrophils and lym-
phocytes). The chemical mediators released by 
Kupffer cells and by hepatocytes attract extrahe-
patic cells to the liver. Neutrophils (PMN) are the 
characteristic cellular compound of the chemoat-
tracted cells and are involved in acute inflamma-
tion. They are always present in the inflammatory 
infiltrate of chronic liver disease. However, neu-
trophil infiltration is most prominent in alcoholic 
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hepatitis. Up to now the role of T lymphocytes in 
liver disease is still ill-understood.

Hepatocellular stress (induced by toxins or 
infections) leads to activation of macrophages in 
the liver parenchyma and release of proinflam-
matory chemokines and cytokines from various 
cell types in the liver. This leads to recruitment 
and sinusoidal transmigration of inflammatory 
cells toward the target hepatocyte. Inflammation 
persists as long as the damaging stimulus persists 
or are repeatedly exposed. The hepatic infiltrate 
includes granulocytes, macrophages, T lympho-
cytes, B lymphocytes, and plasma cells. The 
inflammatory macrophages activate the mesen-
chymal cells and stimulate the synthesis of matrix 
with the help of cytokines and growth factors.

4.4.3  Repair of the Damaged Liver

The processes of liver repair and fibrogenesis 
resemble that of a wound-healing process. 
Following injury and acute inflammation 
response takes place resulting in moderate cell 
necrosis and extracellular matrix damage. After 
that tissue repair takes place where dead cells are 
replaced by normal tissue with regeneration of 
specialized cells by proliferation of surviving 
ones or generation from stem cells, formation of 
granulation tissue, and tissue remodeling with 
scar formation [4].

Recurrent or chronic, injury or insult give 
way to excess matrix deposition as a result of an 
imbalance between fibrogenesis and fibrolysis 
leading to scar formation. The high rate of tissue 
destruction with slow regeneration also provides 
the space for matrix deposition. Liver fibrosis is 
a common sequel to diverse liver injuries such 
as chronic viral hepatitis, ethanol, biliary tract 
diseases, iron or copper accumulation. As scar-
ring progresses from bridging fibrosis to the for-
mation of complete nodules it results in an 
architectural distortion and ultimately in liver 
cirrhosis [11].

Liver fibrosis is defined as an abnormal accu-
mulation of extracellular matrix in the liver. Its 
end point is liver cirrhosis which is responsible 
for significant morbidity and mortality. Cirrhosis 

is an advanced stage of fibrosis, characterized by 
the formation of regenerative nodules of liver 
parenchyma separated by fibrotic septa, which 
result from cell death, aberrant extracellular 
matrix deposition, and vascular reorganization. 
Advanced liver fibrosis results in cirrhosis, liver 
failure, and portal hypertension and often requires 
liver transplantation [11].

Accumulating data from clinical and labora-
tory studies demonstrate that even advanced 
fibrosis and cirrhosis are potentially reversible. 
The hepatic stellate cells have been identified as 
the pivotal effector cells orchestrating the fibrotic 
process and, furthermore, reversibility appears to 
hinge upon their elimination. Removing the 
insult and stopping the persistent inflammatory 
stimuli is probably the best way to prevent pro-
gression of fibrosis; nevertheless, prevention of 
the progression of fibrosis to cirrhosis remains 
the major clinical goal. The poor prognosis of cir-
rhosis is aggravated by the frequent occurrence 
of hepatocellular carcinoma.

4.5  Cirrhosis and Portal 
Hypertension

Cirrhosis is the end product of steady or recurrent 
episode of liver parenchymal inflammation lead-
ing to necrosis and disruption of normal hepatic 
architecture. The normal liver is replaced by 
advanced fibrosis, scaring, and formation of 
regenerative nodules. These changes in liver 
architecture lead to change in blood flow in and 
around the liver. Increase resistance to blood flow 
results in the formation of shunts between the 
afferent and efferent vessels and increase in por-
tal venous pressure. The resulting portal hyper-
tension can be quantified by measuring the 
hepatic venous pressure gradient (HVPG). Portal 
hypertension is present if HVPG is >5  mmHg; 
however it is clinically significant if it is >10–
12 mmHg. The buildup of portal hypertension is 
a turning point in the pathophysiology of CLD as 
at this point the CLD becomes a systemic dis-
ease, affecting other organ systems as well. Portal 
hypertension contributes to the pathogenesis of 
cirrhosis and its complications by formation of 
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venous collaterals, increase production of bio-
chemical (vasoconstrictors, splanchnic vasodila-
tors, nitric oxide and others) and other functional 
abnormalities (expansion of plasma volume, 
increased cardiac output, etc.) [12, 13].

The complications of cirrhosis occur second-
ary to portal hypertension, abnormal synthetic 
function, or combination of both. Major compli-
cations of cirrhosis and portal hypertension 
include changes in hemostasis and coagulation, 
ascites, pulmonary involvement, renal involve-
ment, hepatic encephalopathy, and varices (Flow 
Diagram 4.2).

4.5.1  Hemostasis

Chronic liver disease leads to a form of “rebal-
anced” hemostasis. This is due to diminished 
hepatic function leading to both procoagulant 
and anticoagulant effects. All stages of the hemo-
static process may be abnormal, including pri-
mary hemostasis (platelet adhesion and 
activation), coagulation (generation and cross-
linking of fibrin), and fibrinolysis (clot dissolu-
tion). Risk of bleeding and thrombosis in an 
individual depends upon the balance or imbal-
ance between altered blood flow, qualitative and 
quantitative dysfunction of platelets, and endo-
thelial cell dysfunction [14, 15].

Coagulation factor defects Almost all of the 
coagulation factors (Factor I, II, V, VII, IX, X, 
and XI) except factor VIII (produced by endothe-
lial cells) are produced by hepatocytes [16, 17]. 
Additionally, hepatocytes also help in post- 
translational modification (glycosylation, 
gamma-carboxylation) of certain factors, which 
is crucial for the activation of these factors. 
Chronic liver disease impairs both synthesis and 
post-translational modifications of clotting fac-
tors affecting coagulation in cirrhosis. In some 
liver disease (alcoholics), deficiency of vitamin K 
further exacerbates the deficiency and modifica-
tion of vitamin K dependent factors (factor II, 
VII, IX, and X) [18, 19]. Qualitative defects in 
fibrinogen also contribute to the coagulopathy of 
cirrhosis.

Thrombocytopenia and platelet dysfunc-
tion Patients with cirrhosis have both qualita-
tive and quantitative defects in platelet functions. 
The correlation between platelet count and clini-
cal bleeding is weak [20]. Thrombocytopenia in 
liver diseases has multiple mechanisms, which 
includes impaired platelet production (due to 
decreased hepatic synthesis of thrombopoi-
etin), bone marrow suppression (alcohol use, 
HCV infection, drugs), and sequestration plate-
lets in the spleen due to portal hypertension 
induced hypersplenism. Also, coexisting uremia, 

Recurrent and Sustained Inflammation

Cirrhosis

Complications

Hemostasis
Coagulation

Ascites Pulmonary
Hepato-pulmonary

Syndrome

Renal
Hepato-renal
Syndrome

Hepatic
Eechephalopathy

Portal Hypertension

Varices

Flow Diagram 4.2 Complications of cirrhosis and portal hypertension
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 infection, and endotoxemia of sepsis contribute 
to thrombocytopenia.

Altered fibrinolytic system The fibrinolytic 
system is altered in patients with cirrhosis. Often 
fibrinolysis (dissolution of fibrin clot) is increased 
in chronic liver disease; however clinically signif-
icant hyperfibrinolysis is less commonly found in 
decompensated cirrhosis [21]. Hyperfibrinolysis 
promotes premature clot dissolution and inter-
feres with clot formation due to the consumption 
of clotting factors. Hyperfibrinolysis in cirrhosis 
is associated with multiple mechanisms, which 
include: increased levels of tissue plasmino-
gen activator (tPA) (which generates plasmin), 
decreased levels of alpha 2 antiplasmin, factor 
XIII and thrombin- activatable fibrinolysis inhibi-
tor (TAFI) [22–24].

Prothrombotic changes The liver is the pri-
mary producer of endogenous inhibitors of coag-
ulation (e.g., protein S, protein C, antithrombin) 
and fibrinolytic factors. Reduced level of these 
natural inhibitors in cirrhosis is responsible for 
the prothrombotic state [25, 26]. Also, elevated 
levels of Von Willebrand factor (VWF) and cer-
tain acute phase reactants (plasminogen activator 
inhibitor 1 (PAI-1)) may contribute to prothrom-
botic state [27, 28]. Reduced vascular flow also 
contributes to local prothrombotic tendencies.

Hemostatic abnormalities in chronic liver dis-
ease are similar regardless of the underlying cause. 
However, some differences have been noted, such 
as cholestatic liver diseases [primary biliary chol-
angitis (PBC) and primary sclerosing cholangitis 
(PSC)] appear to have a less pronounced effect on 
anticoagulant than procoagulant mechanisms and 
may be at higher risk for portal vein thrombosis. 
Nonalcoholic fatty liver disease (NAFLD) may 
confer a greater prothrombotic risk whereas acute-
on-chronic liver failure (ACLF) may present with 
unique coagulopathies.

4.5.2  Cardiac Manifestations

Hyperdynamic circulation is the hallmark of cir-
rhosis which is characterized by a high cardiac 
output, low arterial blood pressure, and low sys-
temic vascular resistance. Although these patients 
have an increased intravascular volume, most of 
this volume is sequestrated in the dilated and col-
lateralized splanchnic circulation. Thus the effec-
tive circulating volume is reduced. The root cause 
of these changes is the portal hypertension, which 
is responsible for production of many vasodila-
tors (natriuretic peptides, vasoactive intestinal 
peptide, endotoxin, glucagon) especially nitric 
oxide [29, 30]. Furthermore excessive production 
of vasodilators also leads to diminished circula-
tory responsivity to sympathetic stimulation.

Individuals with cirrhosis often have combi-
nations of other cardiac abnormalities apart from 
hyperdynamic circulation which is termed as 
“cirrhotic cardiomyopathy” [1]. The four key 
components of this are (1) increase in cardiac 
output and decrease in systemic vascular resis-
tance, (2) systolic and diastolic dysfunction, (3) 
reduced cardiac responsiveness to adrenergic 
stimulation, and (4) electrophysiologic abnor-
malities. The severity of cardiac dysfunction is 
directly correlated with the severity of liver 
disease.

4.5.3  Renal Dysfunction

Renal dysfunction is an important factor in the 
prediction of mortality and prognosis in cirrho-
sis. Renal dysfunction in cirrhosis is mainly 
caused by inappropriate retention of sodium and 
free water, together with renal hypoperfusion, 
which leads to a decrease in glomerular filtration 
rate (GFR) [31–33]. The hepatorenal syndrome 
(HRS) is one of the extreme manifestations of the 
renal response to the circulatory abnormalities of 
advanced cirrhosis. HRS is a diagnosis of exclu-
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Cirrhosis

Portal hypertension

Local production of vasodilators, particularly nitric oxide

Splanchnic vasodilation

in effective circulating blood volume & in arterial blood pressure

Activation of sympathetic, renin–angiotensin– aldosterone and vasopressin systems

Severe reduction in renal perfusion and glomerular filtration

Flow Diagram 4.3 Pathophysiology of HRS

Table 4.2 Classification of HRS

Type-1 HRS Type-2 HRS
•  Rapidly progressive renal 

failure, typically 
represented by at least a 
doubling of serum 
creatinine over the course 
of 2 weeks

•  Renal impairment 
that is less severe 
than that observed 
with type 1 disease

•  More serious, median 
survival of 2–4 weeks 
without therapy

•  Median survival is 
about 6 months

•  Associated with failure of 
other organ system

•  Presents with 
ascites that is 
resistant to 
diuretics

sion and is associated with a poor prognosis [32, 
33]. The pathophysiology of HRS is shown in 
Flow Diagram 4.3.

Arterial vasodilatation in the splanchnic circu-
lation, triggered by excessive production of nitric 
oxide (vasodilator), plays a central role in the 
hemodynamic changes and decline in renal func-
tion and perfusion. Elevated levels of renal pros-
taglandins help in maintaining renal perfusion.

Although HRS is the most common differen-
tial diagnosis of acute renal dysfunction in cir-
rhotic, it only accounts for 23% of the cases of 
acute kidney injury in hospitalized cirrhotic 
patients. Thus, cirrhotic patients are also at high 
risk of other causes of renal dysfunction, such as 
parenchymal renal disease, sepsis, nephrotoxic-
ity, and hypovolemia. In addition possibilities of 
co-existence of other comorbidities (glomerulo-
nephritis, diabetic nephropathy, immuno- 
nephropathies associated with hepatitis C, 
amyloidosis, SLE, etc.) should be kept in mind. 
Individuals with cirrhosis are also at high risk for 
hypovolemia from other causes like gastrointesti-
nal bleeding, use of diuretic and diarrhea result-
ing from lactulose or rifaximin administration.

HRS is classified into two types (Type 1 and 
Type 2) as per its presentation; however the 

mechanism and pathophysiology remain the 
same in both the types (Table 4.2).

4.5.4  Pulmonary Complications

No risk factor other than presence of portal 
hypertension is associated with the presence of 
pulmonary complications in chronic liver disease 
and cirrhosis. The presence of vascular abnor-
malities in the setting of portal hypertension is 
the hallmark of pulmonary complications in cir-
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rhosis [34, 35]. Two distinct types of vascular 
abnormalities have been recognized which affect 
the morbidity and mortality. These are named as 
hepatopulmonary syndrome (HPS) and portopul-
monary hypertension (PPHTN). When these pul-
monary complications are present in a patient, 
they overshadow the symptoms of liver disease.

HPS is defined by a triad of liver dysfunction, 
unexplained hypoxemia, and intrapulmonary 
vascular dilatation (IPVD). The diagnostic crite-
ria are mentioned in Table 4.3.

The pathogenesis of HPS is not clearly 
defined. However various factors have been 
implicated as per different experimental studies 
[36–39]. The pathogenesis is shown in the Flow 
Diagram 4.4.

Pulmonary capillary dilation and less com-
monly direct arteriovenous connections are the 
pathogenic process of HPS, regardless of the 
mechanism. The resulting IPVDs are associated 
with HPS-related hypoxemia via ventilation- 
perfusion mismatch and oxygen diffusion limita-
tion and rarely via shunt [35, 37].

PPHTN is defined as pulmonary hypertension 
that exists in a patient who has portal hyperten-
sion with no other known cause. The diagnostic 
criteria for PPHTN are mentioned in Table 4.4.

PPHTN occurs only in 2% of individuals with 
portal hypertension [1]. PPHTN is not related to 
the severity of the underlying liver disease or por-

Table 4.3 Diagnostic criteria for HPS

1. Liver dysfunction: Presence of portal hypertension
2.  Hypoxemia: Room air partial pressure of oxygen 

(PO2) <80 mmHg or alveolar–arterial oxygen 
gradient (PAO2 − PaO2) ≥15 mmHg

3.  Pulmonary vascular dilatation: Positive contrast 
echocardiography

Cirrhosis & Portal Hypertension
Liver injury & dysfunction

Bacterial Translocatio
TNF α*

Production of ET-1*

Pulmonary Vascular
Endothelium 

Vasodilatation* Angiogenesis Vasodilatation

Accumulation of
Monocyte–Macrophages

NO & CO*NO* Endothelial cell
Proliferation

Hepato-pulmonary Syndrome

Flow Diagram 4.4 Pathogenesis of HPS. ET 1 endothelin 1, TNF α tissue necrosis factor, NO nitric oxide, CO carbon 
monoxide
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Table 4.4 Diagnostic criteria for PPHTN

1. Clinical evidence of portal hypertension
2.  Mean pulmonary artery pressure (PAP) >25 mmHg 

at rest or >30 mmHg during exercise
3.  Mean pulmonary artery occlusion pressure (PAOP) 

<15 mmHg
4.  Pulmonary vascular resistance (PVR) 

>240 dynes/s/cm5

tal hypertension. Female patients, autoimmune 
hepatitis, and chronic hepatitis C are the risk fac-
tors for the development of PPHTN.

Vascular proliferation as a reaction to the 
shear stress of chronically elevated cardiac out-
put has been described as the most common the-
ory regarding the pathophysiology of 
PPHTN.  However increased association with 
female gender and autoimmune hepatitis suggest 
humoral and immunogenic mechanisms. Also, 
increased level of endothelin has been associated 
with PPHTN.

4.5.5  Hepatic Encephalopathy

Hepatic encephalopathy (HE) is a spectrum of 
potentially reversible neuropsychiatric abnormal-
ities that can be associated with both acute and 
chronic liver failure. The manifestations varies 
from subclinical abnormalities to gross neuro-
logic and behavioral derangements. The exact 
mechanism of brain dysfunction is still not 
known. However, it is not a single clinical entity 
and may be manifested as a result of a reversible 
metabolic encephalopathy, brain atrophy, brain 
edema, or any combination of these conditions.

HE is often associated with features of 
advanced and end-stage liver disease like asci-
tes, hypoalbuminemia, hyperbilirubinemia, and 
coagulopathy. Failure of the diseased liver to 
adequately metabolize certain substances leads 
to accumulation of these neurotoxic substances 
responsible for neuropsychiatric abnormalities. 
Among the metabolic factors, ammonia is most 
commonly implicated; however there may be a 
role of inhibitory neurotransmission through 
gamma-aminobutyric acid (GABA) receptors in 

the central nervous system and changes in cen-
tral neurotransmitters and circulating amino 
acids [40].

4.5.5.1  Ammonia Hypothesis
The pathophysiology of how ammonia causes 
encephalopathy is illustrated in Flow Diagram 4.5.

Elevated levels of glutamate are responsible 
for the neuroexcitatory signs of HE whereas the 
neuroinhibitory state is due to the downregula-
tion of glutamate receptors and inactivation of 
astrocyte glutamate transporters [40–42].

Although historically hyperammonemia has 
been attributed as the main cause of HE, severity 
of HE does not correlate with ammonia levels. 
Thus several other hypotheses are used to explain 
the mechanism of HE.

4.5.5.2  Impaired Neurotransmission 
Hypothesis

Increased tone of the inhibitory gamma- 
aminobutyric acid (GABA)A-benzodiazepine 
neurotransmitter system has been implicated 
in the development of HE; however contribut-
ing evidence are lacking to prove this hypoth-
esis [43, 44]. Other endogenous GABA receptor 
agonists, oxidative stress, inflammatory media-
tors, and abnormal serotonin and histamine 
neurotransmission have been proposed to have 
a role in the pathogenesis of HE, but lack sig-
nificant evidence.

4.5.6  Ascites

Ascites (defined as the pathologic accumulation 
of fluid in the peritoneal cavity) is the most com-
mon complication of cirrhosis. Portal hyperten-
sion is essential for the development of ascites. A 
portal pressure of >12  mmHg has been impli-
cated in the pathogenesis of ascites. Various ana-
tomical, biochemical, and pathophysiological 
abnormalities are responsible for the develop-
ment of ascites in cirrhosis. Previously, underfill 
theory and overfill theory were popular for under-
standing the mechanism of ascites [45, 46]. 
However nowadays the arterial dilatation theory 
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Impaired ammonia metabolism by liver

Increased ammonia levels in blood

Increase uptake of ammonia by astrocytes

Converted to glutamine by glutamine synthetase
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Overstimulation of N-methyl-D-aspartate (NMDA) receptors

Cerebral edema Triggers nitric oxide synthetase

Vasodilatation by synthesis of Nitric oxide (NO)

Cerebral hyperemia

Blood Brain Barrier

Flow Diagram 4.5 Pathogenesis of HE

Table 4.5 Factors responsible for ascites

Circulatory factors Vascular factors
•  Reduced SVR •  Splanchnic 

vasodilatation
•  Reduced arterial 

pressure
•  Pulmonary 

vasodilatation
•  Increased heart rate
•  Increased plasma 

volume
•  Reduced renal blood 

flow
Functional factors Biochemical factors
•  Activation of systemic 

and renal vasodilator
•  Sodium retention

•  Activation of systemic 
vasoconstrictor

•  Water retention

•  Reduction in GFR •  Increased systemic 
nitric oxide

•  Increased systemic 
prostaglandin

•  Increased renal nitric 
oxide and 
prostaglandins

is most popular and accepted theory explaining 
the formation of ascites [47, 48]. The various fac-
tors responsible for ascites in cirrhosis are men-
tioned in Table 4.5.

4.5.7  Varices

Varices, particularly esophageal varices, are one 
of the end results of portal hypertension. In cir-
rhosis, increases in portal pressure result from 
distorted hepatic architecture left in the wake of 
inflammatory insults. Fibrosis and regenerative 
nodules cause impedance to splanchnic flow 
through the liver and lead to the formation of por-
tosystemic collaterals, particularly with the gas-
tric and esophageal venous systems [49–51]. 
Rupture of the high-pressure collaterals that are 
formed is a highly lethal and feared complication 
of portal hypertension.

Chronic liver disease may be caused by varied 
etiologies but persistent or recurrent insult lead-
ing to inflammation remains the core stone of 
pathophysiology. Cirrhosis represents the last 
stage of this inflammation, where progressive 

hepatic fibrosis causes distortion of the hepatic 
architecture and the formation of regenerative 
nodules. Initially these changes may be revers-
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ible; however it is irreversible in its advanced 
stages. Patients with cirrhosis are susceptible to a 
variety of complications due to the anatomical 
and physiological changes in the liver. The prog-
nosis of cirrhosis is highly variable since it is 
influenced by a number of factors, including 
 etiology, severity, presence of complications, and 
comorbid diseases.
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5Pharmacokinetics 
and Pharmacodynamics of Drugs 
in Liver Disease

Aparna Pande, Rashmi Ramachandran, 
and Vimi Rewari

5.1  Introduction

Any therapeutic substance that is administered to 
the body undergoes metabolism and elimination. 
Metabolism is the biotransformation of all the 
endogenous and exogenous compounds within 
our body which converts them into water soluble 
substances which may be readily eliminated.

Pharmacokinetics is a term used to denote the 
fate of the drug in the body. This refers to the 
absorption, distribution, metabolism, and elimi-
nation of a drug as it passes through the human 
body. All these factors influence the final avail-
able concentration of the drug at the site of action. 
To make it simpler, it is termed as “what the body 
does to the drug.” Pharmacodynamics refers to 
the effect of the drug on the body which is 
affected by the drugs affinity and action at its 
receptors. In general, it refers to “what the drug 
does to the body.” First-pass metabolism refers to 
the metabolism of the drug before its entry into 
the systemic circulation, thereby reducing its bio-
availability. The liver is an important site for first- 
pass metabolism.

Understanding clinical pharmacokinetics is 
important to enhance the efficacy and reduce the 
toxicity of the drug therapy while pharmacody-
namic principles would help in understanding the 

interplay between the concentration of the drug 
at its receptor site and its pharmacological effect.

5.2  The Normal Liver

The liver is an intraperitoneal organ located in the 
right upper quadrant of the abdomen. It consists 
of a right and a left lobe. The liver has a dual 
blood supply by the hepatic artery and the portal 
vein. The portal blood flow is the major regulator 
of the vascular tone of the hepatic artery—a phe-
nomenon termed as the “Hepatic arterial Buffer 
response” [1]. The hepatic arteries and portal 
veins divide to supply each lobe of the liver and 
converge at the sinusoids of the liver to supply 
blood to the hepatocytes. The hepatic sinusoids 
are low pressure vascular channels which consist 
of fenestrated endothelium which is essential for 
influx and efflux of various molecules into the 
perisinusoidal space of Disse. After draining the 
liver, the blood enters a central vein via the 
hepatic lobule, which eventually drains into the 
hepatic vein.

5.3  Role of Liver in Drug 
Metabolism

Disposition of most of the drugs relies on the 
functioning of the liver, which may be altered to 
varying extent in hepatic dysfunction. In order to 
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understand the effect of hepatic impairment on 
drug xenobiotics, it is prudent to understand the 
basic role of the liver in metabolism as well as the 
factors affecting liver metabolism. The liver is 
the most metabolically active tissue in the human 
body. At physiological pH, most of the therapeu-
tic agents are non-ionized or partially ionized. 
They undergo reactions in a phased manner 
which converts them into polar substances, which 
may then be excreted from the body. The endo-
plasmic reticulum of the hepatocytes is the major 
site of this biotransformation of drugs. It is abun-
dant in microsomes, which contains the enzymes 
necessary for this process. The cytochrome P450 
(CYP) system is one such membrane-bound oxi-
dative enzymatic system, which is essentially a 
heme-containing protein [2]. The iron in this 
heme protein is the active site for binding with 
the drugs, which then undergo a series of reac-
tions ultimately leading to the metabolism of the 
therapeutic substance. The human genome 
sequencing revealed the presence of 58 genes 
coding for the CYP proteins, and these genes are 
polymorphic in nature. These genetic polymor-
phisms are responsible for significant variations 
in drug metabolisms between individuals [3]. 
Many isoenzymes of the cytochrome P-450 exist, 
which have different activities, different tissue 
distribution, and variable drug affinities [4, 5]. 
Drugs undergo phase 1 and phase 2 reactions, 
either sequentially or only one and subsequently 
are excreted by transporters which are present on 
the membranes of canaliculi or hepatic sinusoids. 
This transport via canaliculi is often termed as 
the phase 3 reactions of xenobiotics [6].

Phase 1 reactions are essentially functional-
ization reactions. Lipophilic molecules undergo 
oxidation, reduction, or hydrolysis reactions via 
the mixed function oxygenases and are converted 
into hydrophilic moieties. Oxidation reaction 
involves insertion of a single molecule of oxygen 
within the parent compound. Examples of oxida-
tive reactions include deamination, hydroxyl-
ation, dealkylation, dehalogenation, and 
epoxidation. This phase is also responsible for 
the generation of electrophilic substances and 
toxic-free radicals which may lead to cellular 
injury.

In phase 2 reactions, a parent drug can undergo 
phase 2 reactions directly or after it has been pro-
cessed via the phase 1 pathway. These reactions 
are popularly termed as the “conjugation” reac-
tions. These are responsible for addition of a 
polar ligand such as glucuronide, sulfate, gluta-
thione, methyl group, acetate etc. Conjugation 
reactions occur within the cytosol of the hepato-
cytes and are mediated by transferases—enzymes 
which transfer the conjugating polar ligand to the 
compound undergoing the biotransformation [7].

Phase 3 reactions are responsible for the trans-
port of the end products of metabolism into the 
bile [7]. These transporters are termed as ATP- 
binding cassettes (ABCs) [8]. The drug transport 
is mediated by ATP-hydrolysis, hence the name. 
The clinically important ABCs include the 
P-glycoprotein, the Bile Salt Exporter protein 
(BSEP), and the Multidrug Resistant proteins 
(MRP). The genes encoding for these transporter 
proteins are also susceptible to genetic polymor-
phisms, and variations of these proteins may 
play a role in the development of adverse drugs 
reactions as well as drug-drug interactions [9]. 
Some drugs are excreted in the bile initially but 
are reabsorbed from the small intestine—a phe-
nomenon termed as “enterohepatic circulation” 
[10]. Enterohepatic circulation may lead to pro-
longed duration of actions of some drugs. 
Enterohepatic circulation may alter the bioavail-
ability, volume of distribution, and clearance of a 
given drug. Furthermore, the liver being one of 
the important sites of first-pass metabolism, the 
amount of drug available at the receptor site is 
ultimately dependent on the functioning of the 
liver in case of drugs which have a high first-pass 
metabolism [11].

Hepatic drug clearance is defined as the vol-
ume of blood from which a drug is removed 
entirely by the liver per unit time. This is 
depended on two factors—the hepatic blood flow 
and the hepatic extraction ratio (Clearance = Blood 
flow × Extraction ratio) [12, 13]. Hepatic extrac-
tion ratio is the fraction of the drug which is 
“extracted” or removed during one pass of blood 
through the liver [14]. This is governed by the 
amount of unbound drug available and the intrin-
sic clearance of the liver. The effect of the hepatic 
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blood flow on clearance of the drug depends on 
its hepatic extraction ratio. With increases in the 
blood flow to the liver, the extraction ratio 
declines for all drugs. Since the extraction ratio 
also depends on the amount of unbound drug 
available to the hepatocytes, the extraction ratio 
is also affected by the protein binding. Increasing 
hepatic blood flow causes a more rapid fall in the 
extraction ratios of drugs with low intrinsic clear-
ance. On the basis of the efficiency of the liver in 
removing substances from the circulation, the 
extraction ratio is classified as high when it is 
more than 0.7 and low when it is less than 0.3. An 
extraction ratio of 0.3–0.7 is termed as intermedi-
ate. The hepatic clearance of drugs with high 
extraction ratios is limited by the blood flow and 
is indifferent to alterations in enzymatic activity 
or drug binding.

5.4  Consequences of Liver 
Disease on Pharmacokinetics

Pharmacokinetics of a drug broadly consists of 
drug absorption, distribution, and metabolism. 
The ability of the liver to metabolize a drug is 
dependent on both—hepatic blood flow and the 
enzymatic activity of the liver enzyme [15]. 
Hepatic dysfunction would impact both ulti-
mately altering the drug disposition and its thera-
peutic effect. In hepatic dysfunction, both the 
hepatic blood flow and the activity of the cyto-
chrome P-450 enzymes may be altered, and the 
effect of the two together may be synergistic. 
Acute liver insults primarily effect the hepatic 
blood flow while chronic liver diseases usually 
involve the enzymatic systems of the liver.

5.5  Drug Absorption

Patients with liver impairment have co-existing 
gastrointestinal dysfunction. Cirrhotic patients 
are known to have altered intestinal permeabil-
ity which may have a bearing on the absorption 

of orally administered drugs [16]. Furthermore, 
patients with severe hepatic dysfunction also 
exhibit delayed gastric emptying and abnormal 
intestinal motility which may influence the 
absorption of drugs administered enterally [17, 
18]. The liver being the major determinant of 
the pre-systemic metabolism, drugs which are 
subjected to a high first-pass metabolism are 
invariably affected. However, this would not be 
applicable to drugs with low extraction ratio as 
the fraction of these drugs that is taken up by 
the liver from the blood during a single pass is 
already insignificant. Liver cirrhosis may lead 
to reduced activity of the enzymes involved in 
the first-pass metabolism. This in conjunction 
with portosystemic shunts would lead to 
reduced first- pass metabolism, thereby increas-
ing the bioavailability of the drugs. Furthermore, 
in cirrhosis, there would be a decline in the 
clearance of the “flow-limited” drugs, thereby 
increasing the concentration of these drugs sub-
stantially. Therefore, such drugs need to have 
their dose modified in patients with hepatic 
dysfunction [19]. A classic example of this 
would be reduced oral dosing of labetalol and 
carvedilol in patients with liver cirrhosis due to 
decreased first-pass metabolism and reduced 
clearance [20, 21]. Another example is mid-
azolam which has an oral bioavailability rang-
ing from 34% to 68% as it is dose-dependent 
[22]. It undergoes first-pass metabolism by 
CYP3A enzymes and is 95% plasma protein 
bound. In advanced liver disease, there is more 
unbound form of the drug available due to 
reduced protein binding, greater oral bioavail-
ability due to reduced pre-systemic metabo-
lism, and increased half-life due to reduced 
clearance [23]. Pre-systemic metabolism is the 
major determinant of the oral bioavailability of 
midazolam. Gorski et al. showed that interindi-
vidual variations in the first-pass extraction of 
drugs such as midazolam which have a very 
high affinity for the CYP3A enzyme are basi-
cally a function of the intestinal enzyme activ-
ity [24].
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5.6  Plasma Protein Binding 
and Drug Distribution

The distribution of a therapeutic substance 
within the body depends on the fraction of 
unbound form available. This in turn depends 
upon the binding of the drug in a reversible 
fashion with various macromolecules like blood 
cells and plasma proteins. The unbound fraction 
of drugs which have a high plasma protein bind-
ing to albumin or alpha-1 glycoprotein may 
change in advanced hepatic impairment. The 
reduced plasma protein binding may be multi-
factorial in origin—due to reduced protein syn-
thesis, due to synthesis of altered proteins in 
liver disease, and due to presence of endogenous 
inhibitors of plasma protein binding like ele-
vated bilirubin [25]. Increased unbound fraction 
due to reduced binding to plasma proteins may 
in turn affect the volume of distribution of these 
drugs. Increased unbound fraction is also the 
fraction which being pharmacologically active 
is cleared more rapidly through the liver or kid-
ney. Therefore, hypoproteinemic patients may 
have increased proportion of drug which distrib-
utes into the tissues and does not stay within the 
circulation, thereby decreasing its therapeutic 
levels.

Liver cirrhosis predisposes the patient to 
development of anasarca—particularly ascites. 
This would significantly increase the volume of 
distribution of hydrophilic agents. For these 
drugs, in case a rapid action is desired, it may be 
achieved by increasing the loading doses as is 
seen in the case of antimicrobials belonging to 
beta-lactam and aminoglycoside classes [26]. 
Simultaneously, the increased volume of distri-
bution translates into increased elimination half- 
life of the drug [27]. This increased half-life 
predisposes to the development of drug toxicity 
due to accumulation [14].

All these factors help in understanding the 
possible influence of hepatic dysfunction on drug 
pharmacokinetics but, owing to the variable 
extent of liver impairment and change in the 
pharmacodynamics of the drug as well along 
with extrahepatic mechanisms, contribute to an 

unpredictable drug effect and complicate the 
drug dose adjustments in patients with liver 
dysfunction.

5.7  Metabolism

The intrinsic hepatic clearance is primarily regu-
lated by two factors—the efficacy of the hepatic 
enzymatic systems and the activity of the trans-
porter proteins present in hepatic sinusoidal and 
canalicular membranes. Intrinsic hepatic clear-
ance could be defined as the capability of the 
liver to remove unbound fraction of a drug from 
the blood in the absence of any blood flow limita-
tions [7, 13]. However, with the onset of liver cir-
rhosis, even the blood flow to the liver gets 
impeded. This results in reduced presentation of 
the drugs to the liver, and drugs which predomi-
nantly dependent on hepatic clearance would be 
prone to accumulation.

Of the various pathways of drug metabolism, 
some are more affected than the others in liver 
disease. With the loss of functionally intact hepa-
tocytes in liver disease, the synthesis of enzymes 
is also reduced. The cytochrome (CYP) mixed 
function oxygenases are affected more than those 
involved in the phase 2 reactions of the metabo-
lism in an inconsistent and nonuniform way not 
in correlation with the hepatic blood flow [28].

Caffeine being completely metabolized by the 
hepatic CYP1A2 is used as a probe to evaluate the 
decline in the activity of this enzyme in hepatic 
derangements [29]. Furthermore, it has been dem-
onstrated that the extent of hepatic impairment 
correlates well with the degree of decline in the 
activity of this enzyme [30]. Similarly, coumarin 
is utilized as a metabolic probe for evaluating the 
activity of the CYP2A6 which hydroxylates the 
parent compound [31]. After oral administration 
of coumarin, decreased urinary concentration of 
the hydroxylated metabolite was observed in 
patients with liver cirrhosis, which inversely cor-
related with their Child-Pugh scores [32]. Four 
isoenzymes have been identified in the CYP2C 
class which include CYP2C8, CYP2C9, 
CYP2C10, and CYP2C19. Metabolic probes for 
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CYP2C9 and CYP2C10 include Irbesartan, tolbu-
tamide, and mephenytoin [33]. The study with 
these probes revealed that CYP2C9 is not affected 
significantly in patients with hepatic impairment. 
Mephenytoin is a racemic drug—with 
R-enantiomer being metabolized by the CYP2C9 
and the S-enantiomer being metabolized by the 
CYP2C19 [34]. After oral administration of 
mephenytoin to patients with liver cirrhosis, there 
was a simultaneous decrease in oral clearance of 
its S-enantiomer along with reduced urinary 
excretion of its hydroxylated metabolite [35]. 
Again, this decline was associated with the extent 
of liver disease with patients with moderate cir-
rhosis exhibiting greater reductions in their clear-
ance. The specific probe for evaluating CYP2D6 
is debrisoquine. When the same group of patients 
were administered debrisoquine per orally, the 
metabolism was not altered significantly in 
hepatic impairment [35]. This further corrobo-
rates the fact that various enzyme systems are 
altered to varying extent in hepatic impairment, 
and extrapolating this knowledge to clinical cir-
cumstances may be very intricate. CYP3A activ-
ity is also reduced to varying extents in patients 
with liver disease—reduction of up to 30–50% 
has been reported in patients with nonalcoholic 
fatty liver disease [36]. Many drugs have been 
used as probes for this particular enzyme—com-
monly used one being MEGX (monoethylgly-
cinexylidide) [37]. Huang YS injected intravenous 
lignocaine to patients with liver cirrhosis and 
chronic hepatitis and measured the concentration 
of its metabolite—MEGX.  They found that the 
serum MEGX concentrations were inversely pro-
portional to the Child-Pugh severity [38].

Subsequently a “sequential progressive model 
of hepatic dysfunction” was suggested [14, 29]. 
This model used the activity of various CYP 
enzymes to assess qualitative hepatic impair-
ment. This model suggests that in mild degrees of 
hepatic impairment, only the activity of CYP2C19 
will be impaired and the metabolites of CYP1A2, 
CYP2D6, and CYP2E1 would remain unaltered. 
But with progressive hepatic dysfunction as seen 
in decompensated cirrhotics, the clearance of 
drugs by all of these would be hampered. With 
intermediate level of liver dysfunction, the clear-

ances would be dependent upon the extent to 
which the enzyme systems are affected. It is also 
important to remember that most of the genes 
coding for these enzymes are polymorphic in 
nature, and interindividual variation would be 
present to varying extents in patients with liver 
disease as well as healthy individuals [3].

That the impact of liver disease is primarily on 
the mixed function oxygenases or the phase 1 
reactions and phase 2 reactions are not affected 
significantly is demonstrated by the clearance of 
various benzodiazepines. Midazolam and diaze-
pam undergo phase 1 metabolism and their clear-
ance is affected, whereas oxazepam, temazepam, 
and lorazepam undergo glucuronidation directly 
(phase 2 metabolism) and their clearance is not 
decreased in patients with liver cirrhosis [22, 39, 
40]. The selective sparing of glucuronidation in 
liver dysfunction may be partially explained by 
upregulation of this enzyme in patients with liver 
disease, or by increased extrahepatic glucuroni-
dation [41, 42]. However, of late this theory has 
also been questioned as patients with end-stage 
liver disease demonstrated impaired glucuronida-
tion of many drugs including morphine, oxaze-
pam, mycophenolate among others [43]. But the 
plausible explanation of this is that genetic poly-
morphism is seen in genes coding for UDP- 
glucuronyltransferases and various isoforms of 
this enzyme have also been identified [44]. 
Another possibility is that different isoforms of 
this enzyme may be affected to different extents 
in liver injury [45, 46].

Apart from enzyme inhibition, even enzyme 
induction may be altered in patients with liver 
disease. However, the number of human studies 
performed in this regard is limited, and animal 
studies conclude that the inducibility of enzymes 
would be affected both by the type of isoform 
under question and the nuclear receptor being 
evaluated [47].

The effect of transporter proteins on the dispo-
sition of drugs metabolized by the liver has been 
researched recently. The transported proteins are 
responsible for substances within the hepato-
cytes, as well as their efflux against a concentra-
tion gradient into the bile by ATP hydrolysis [8]. 
Due to fibrosis occurring within the space of 
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Disse in liver cirrhosis, the microvascular bed of 
the liver is occluded which impairs the uptake of 
macromolecules and drugs into the hepatocytes. 
This would be more applicable to drugs which 
are highly plasma protein bound as is seen in the 
case of propranolol [48]. Liver biopsy samples of 
patients with nonalcoholic steatohepatitis 
revealed altered expression and internalization of 
some of the transporter proteins which can pos-
sibly impair elimination of drugs predisposing 
the patient to adverse drug reactions [49].

5.8  Biliary Excretion

Cholestasis may be intra- or extrahepatic in 
nature. Intrahepatic cholestasis occurs due to 
functional impairment of the canalicular trans-
port mechanisms. This is seen in cases of drugs 
like erythromycin and phenothiazines [50, 51]. 
Due to reduced secretion of bile, the elimination 
of drugs by the hepatobiliary route will decline, 
which has been observed in patients undergoing 
surgery for common biliary duct obstruction 
[52]. These patients demonstrated decreased bili-
ary secretion of beta-lactams antibiotics, 
clindamycin, cephalosporins, and ciprofloxacin. 
Cholestasis may predispose to drug accumulation 
of such drugs. Additionally, the accumulation of 
these drugs may also indirectly lead to hepato-
cyte injury further aggravating the liver damage 
[53]. Simultaneously, cholestasis also has an 
inhibitory effect on some liver enzymes like the 
CYP2C and CYP2E1—thereby necessitating 
dose modification of drugs metabolized by these 
pathways in patients with cholestasis [54]. 
Pharmacokinetics of antineoplastic agents has 
been studied extensively in patients with cho-
lestasis and dose adjustment for vinca alkaloids 
and doxorubicin is suggested in accordance with 
the bilirubin levels [55].

5.9  Drugs Undergoing Renal 
Excretion

Hepatorenal syndrome is a type of functional 
renal failure complicating the course of disease 
of patients with end-stage liver disease. It occurs 

due to abnormal circulatory and neurohormonal 
mechanisms. Splanchnic vasodilation mediated 
by nitric oxide and other vasodilators leads to 
reduced effective blood volume. This reduced 
effective blood volume leads to activation of the 
renin-angiotensin-aldosterone system (RAAS), 
release of arginine vasopressin, and stimulation 
of sympathetic nervous system. These neurohor-
monal vasoconstrictors increase the renal vaso-
motor tone leading to a dramatic decline in the 
glomerular filtration rate which leads to the 
pathogenesis of the hepatorenal syndrome [56]. 
Reduced renal excretion of some drugs which 
are otherwise excreted in an unchanged form by 
the kidneys has been reported in patients with 
decompensated liver cirrhosis—examples 
include diuretics and levetiracetam [57, 58]. The 
creatinine clearance estimated by the Cockcroft- 
Gault equation is also inaccurate due to cachexia 
in patients with cirrhosis as well as due to 
impaired creatinine synthesis; and cystatin-c 
may be a better marker in this cohort of patients 
[59, 60]. Thus, it would be prudent to remember 
that even drugs undergoing renal elimination 
may require dose modifications while adminis-
tering them to a patient with severe hepatic 
insufficiency.

5.10  Consequences  
of Liver Disease 
on Pharmacodynamics

Pharmacokinetics and pharmacodynamics are 
not isolated processes and in clinical practice, 
both are inter-related and influence each other. 
Plasma protein binding has a significant effect on 
the pharmacodynamics of any drug as ultimately 
it is the unbound fraction which exerts pharmaco-
logical effects. Nonetheless, a significant number 
of alterations in drug effects are observed in 
patients with cirrhosis which cannot be explained 
by changes in pharmacokinetics alone. This devi-
ation in drug behavior may be explained by 
altered receptor interactions, altered receptor 
affinity, and transformed intrinsic activity in dis-
eased states. However, this is insufficient research 
on pharmacodynamic deviations in hepatic 
 insufficiency. Altered receptor sensitivity is com-
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monly observed in patients with liver disease. 
The two organ systems specifically prone to 
pharmacodynamic alteration include the brain 
and the kidney [15]. Patients with moderate to 
severe degrees of hepatic insufficiency are more 
sensitive to the psychoactive actions of opioids 
and benzodiazepines [61, 62]. Benzodiazepines 
and opioids are common precipitating factors of 
hepatic encephalopathy in patients with severe 
liver disease [63]. The concurrent administration 
of more than one class of sedative agents may 
therefore be hazardous to patients with signifi-
cant liver pathology. Increased number of GABA 
receptors, altered GABA-ergic tone, and 
increased permeability to the blood-brain barrier 
are the postulated mechanisms of increased sen-
sitivity to these agents. Accumulation of endoge-
nous GABA-mimetic agents in patients with 
hepatic decompensation may also play a role as 
patients with hepatic encephalopathy demon-
strate neurological improvement with the admin-
istration of flumazenil [64].

The response to diuretics in a cirrhotic patient 
is not so well elucidated. Diuretic resistance has 
been observed commonly in patients with cirrho-
sis—more so with furosemide [65]. When com-
pared to healthy population, cirrhotics require a 
greater diuretic concentration to excrete similar 
amount of sodium. This alteration in their natri-
uretic potency could be due to reduced number 
of nephrons as well as due to the extent of 
response of each nephron to diuretic [66, 67]. 
Diuretic use in patients of cirrhotic ascites has 
also been associated with the development of 
hepatorenal syndrome [56]. The nephrotoxicity 
of aminoglycoside group of antibiotics is also 
enhanced in patients with severe liver derange-
ments—the plausible explanation of this phe-
nomenon being altered pharmacodynamics [68]. 
Cirrhotics are more prone to the renal toxicity of 
nonsteroidal anti- inflammatory drugs than the 
usual population [69]. Not only can they precipi-
tate acute renal failure in these patients, but they 
can also cause gastrointestinal bleed, thereby pre-
disposing the patient to development of hepatic 
encephalopathy.

The therapeutic effect of beta blockers is 
attenuated in patients with ascites and cirrhosis. 

Cirrhotic patients exhibit downregulation of beta- 
adrenergic receptors which is also implicated in 
the development of cirrhotic cardiomyopathy 
[70]. It may be surmised that advanced liver dis-
ease results in reduced sensitivity of the beta- 
adrenergic receptors as is observed in the case of 
propranolol [71].

5.11  Assessment of Liver Function

The functional impairment of liver is difficult to 
assess. Various scores have been suggested to this 
effect [72]. The Child-Pugh scoring system is one 
such widely accepted tool which is used to assess 
the prognosis of chronic liver disease—specifi-
cally liver cirrhosis [73]. It incorporates five clini-
cal variables which are assigned into three risk 
levels—and the final score is amalgamated into 
three clinical classes. The Child-Pugh score has 
been validated for prediction of mortality in 
patients with liver cirrhosis undergoing surgery 
[74]. It has also been validated as a prediction tool 
for survival in nonsurgical cirrhotic patients [75].

5.12  Child-Pugh Scoring System

Clinical/
biochemical 
indicator Score 1 Score 2 Score 3
Serum bilirubin 
(mg/dL)

<2 2–3 >3

Serum albumin 
(g/dL)

>3.5 3.5–2.8 <2.8

Prothrombin 
time (s > control)

<4 4–6 >6

Encephalopathy 
grade

Absent 1 or 2 3 or 4

Ascites Absent Slight Moderate

Total score according to severity is classified as:

• Group A—Mild—Total score of 5–6
• Group B—Moderate—Total score of 7–9
• Group C—Severe—Total score of 10–15

The MELD (Model for End-stage Liver 
Disease) score has also been used to prognosti-
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cate patients with liver cirrhosis. It comprises 
bilirubin concentration, serum creatinine values, 
coagulation parameter in the form of INR 
(International Normalized Ratio), and the cause 
of cirrhosis. The original score was used to pre-
dict 3-month survival in cirrhotics [76]. 
Subsequently the etiology of liver disease was 
dropped from the score as it was spurious or mul-
tifactorial in many patients [77]. Due to its accu-
racy in predicting short-term survival in chronic 
liver disease, it was adopted for use in prioritiz-
ing patients awaiting orthotopic hepatic trans-
plantation. Subsequently the MELD-Na or the 
MELD-sodium score was developed to include 
serum sodium which is a marker of the severity 
of liver cirrhosis [78].

Dynamic tests to assess the liver function to 
predict the effect of various drugs in liver disease 
have also been suggested [79]. These tests involve 
administration of an exogenous substance which 
depends solely on the liver for its elimination. 
The concentration of the exogenous substrate in 
blood or of its metabolite in urine, serum, or 
exhaled breath is measured. The exogenous sub-
strates with high extraction ratios would be flow- 
limited and those with low extraction ratios 
would be capacity-limited. These test compounds 
with high extraction ratio include indocyanine 
green (ICG), sorbitol, and galactose [80–82]. 
Co-administration of indocyanine green and sor-
bitol helps in approximating the extent of hepatic 
sinusoidal shunting [83]. The metabolic elimina-
tion of caffeine, midazolam, and antipyrine is 
exclusively dependent on the CYP isoenzymes 
and is not affected by hepatic blood flow or por-
tosystemic shunting. These tests constitute 
“Dynamic Liver Function” tests and can be used 
to evaluate the metabolic hepatocellular dysfunc-
tion. Caffeine being primarily metabolized by the 
CYP1A2, the ratio of caffeine metabolite parax-
anthine to caffeine is reduced in patients with 
liver disease in linear correlation with Child- 
Pugh scores [28, 84].

Breath tests have been used to assess the 
hepatic mitochondrial function [85]. The test 
compound in these tests incorporates isotopes 
of carbon—a 14C atom or a 13C atom which 
undergoes metabolism and the amount of the 
isotope is measured in the exhaled breath [86]. 

The 14C-erythromycin breath test and 
13C-Methacetin breath tests are a few tests 
which have been used in research practice for 
this purpose [87–89]. More recently, nuclear 
imaging techniques have been suggested for the 
assessment of dynamic liver function [90]. 
99mTechnetium labeled iminodiacetic acid (IDA) 
is frequently employed for this technique. 
These scintigraphic techniques provide infor-
mation about global and regional hepatic blood 
flow and functioning. The liver is the sole site 
for 99mTc galactosyl human albumin (GSA), 
thereby making it a suitable agent to assess 
hepatic function [91]. Its uptake is not influence 
by elevated bilirubin concentration further pro-
moting its applicability in cholestatic liver 
pathologies also.

The results of dynamic tests for liver function 
exhibit a linear correlation with the severity of 
Child-Pugh classification. However, these tests 
are not widely used in clinical practice owing to 
cost implications and requirement of specialized 
assessment techniques which may not be avail-
able in out of research situation. Furthermore, no 
test has been designated as the “gold standard” of 
dynamic liver function which is analogous to cre-
atinine clearance in renal pathologies. The need 
of the hour is to develop such a dynamic test 
which measures the residual eliminating capacity 
of the diseased liver so that the drug dose modifi-
cation could be done accordingly. Hence, clinical 
methods rely on the more readily available scor-
ing systems like the Child-Pugh system to decide 
the dosage of drugs in hepatic disease. In such 
circumstances, due to lack of a model predicting 
dose modifications in hepatic insufficiency, ther-
apeutic drug monitoring may be suggested for 
drugs with narrow therapeutic index [92]. This 
would be beneficial particularly when sicker 
patients may be exposed to a number of drugs, 
thereby increasing the potential for drug-drug 
interactions as well which cannot be predicted by 
a simplified pharmacokinetic-pharmacodynamic 
interaction model in diseased state [93]. 
Furthermore, despite recommendation by the 
US-FDA (Food and Drugs Administration) and 
the EMA (European Medical Agency), informa-
tion about altered pharmacokinetics in liver dis-
ease is lacking [94]. Therefore, safe administration 
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and optimal usage of drugs in hepatic insuffi-
ciency may be guided by therapeutic drug 
monitoring.

5.13  Conclusion

• Liver cirrhosis is characterized by reduced 
hepatic blood flow, portosystemic shunting of 
blood, decreased number and activity of func-
tional hepatocytes, and hepatic sinusoidal 
capillarization.

• Liver disease reduces the pre-systemic metab-
olism, thereby warranting a dose reduction of 
drugs administered orally.

• Reduced uptake of drugs may occur into the 
liver due to reduced hepatic blood flow in 
patients with liver cirrhosis.

• Drugs with high extraction ratios are blood 
flow-limited and are insensitive to plasma pro-
tein binding or enzyme activity.

• Drugs with low extraction ratios are enzyme 
activity-limited and are dependent on protein 
binding along with intrinsic hepatic clearance.

• Drug metabolizing enzymes are not only 
polymorphic in nature accounting for the 
interindividual variations but are also affected 
differentially in liver disease.

• Volume of distribution of polar drugs may be 
altered in liver disease due to ascites and ana-
sarca. This should be accounted for, particu-
larly while administering loading doses of 
drugs like antimicrobials.

• Creatinine clearance is not a reliable marker 
for glomerular filtration in patients with 
hepatic pathologies as it overestimates the 
GFR.

• End-stage liver disease patients may be suffer-
ing from hepatorenal syndrome in which the 
excretion of the renally eliminated drugs will 
also be hampered, thereby necessitating 
appropriate dose adjustments for this 
phenomenon.

• The interplay between pharmacokinetic and 
pharmacodynamic interactions is complex, 
heterogenous, unpredictable, and drug spe-
cific; hence estimation of drug dose modifica-
tion becomes difficult.

• Extreme vigilance is warranted while pre-
scribing drugs with narrow therapeutic index 
to patients with severe degrees of hepatic 
insufficiency.

• Therapeutic drug monitoring could be utilized 
in patients with severe liver disease to ensure 
adequate drug exposure along with avoidance 
of drug toxicity.

Key Points
• Drug disposition depends on adequate 

functioning of the liver as it is the major 
site for metabolism of endogenous as 
well as exogenous substrates.

• Pharmacokinetics refers to the series of 
processes that a drug undergoes to reach 
its fate in the body. Pharmacodynamics 
is the effect of the drug on the body.

• Various steps of drug metabolism 
include uptake of drugs in the liver, 
phase 1 and 2 reactions, and transport 
into the bile followed by elimination.

• The impairment of drug metabolism 
usually correlates well with the extent of 
hepatocellular damage.

• Liver disease may lead to reduced 
hepatic blood flow, flow diversion in the 
form of portosystemic anastomosis, 
reduced first-pass metabolism, reduced 
metabolism and clearance, altered secre-
tion, and prolonged half-life of drugs.

• Liver diseases are associated with varied 
and nonuniform reductions in activities 
of drug-metabolizing enzymes. Some 
enzymes are more affected than others.

• Pharmacodynamic alterations in liver 
disease are commonly manifested in the 
central nervous system and the kidney.

• Patients with end-stage liver disease 
may have concomitant renal dysfunc-
tion, necessitating dose adjustments for 
renally eliminated drugs as well.

• The complexities of the pharmacokinetic 
and pharmacodynamic interactions make 
it difficult to predict the therapeutic effect 
of drugs in diseased states.
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6Viral Markers and Their Relevance 
in Liver Disease 
and Transplantation

Manav Wadhawan and Saurabh Argal

6.1  Introduction

Hepatitis is an inflammation of the liver, mainly 
caused by a viral infection. There are five princi-
pal hepatitis viruses, namely types A, B, C, D, 
and E. These viruses are quite divergent in their 
structure, epidemiology, route of transmission, 
incubation period, clinical presentations, natural 
history, diagnosis, and preventive and treatment 
options (Table 6.1). HAV and HEV are important 
because of the burden of illness they cause and 
the potential for outbreaks and epidemic spread. 
Hepatitis B and C are especially prevalent and 
lead to chronic hepatitis—the most important 
cause of liver cirrhosis and cancer [1]. Currently 
240 million people are chronically infected with 
hepatitis B and 184 million people have antibod-
ies against hepatitis C [1, 2].

The epidemiology, impact, and duration of the 
infection vary according to the type of virus as well as 
the route of transmission. Most people are asymp-
tomatic and are unaware of having an infection that 
can result in liver cirrhosis and liver cancer.

The most common clinical consequence of 
infection with HAV or HEV is acute hepatitis and 
rarely acute liver failure (ALF). Patients with 

ALF have a high case-fatality rate, in the absence 
of liver transplantation.

Infections with HBV, HCV, or HDV viruses 
have the potential to cause chronic persistent 
infection, which may progress to liver cirrhosis 
or liver cancer and can become life-threatening. 
The risk of chronic infection with HBV is deter-
mined primarily by the age of acquisition of 
infection, being much higher when the infection 
occurs in infancy or early childhood and below 
5% when it occurs in adults.

Liver transplantation (LT) is now a widely 
accepted lifesaving therapy for the complications 
of cirrhosis and acute liver failure. Before the 
availability of LT, medical management provided 
a temporizing measure but not a definitive cure 
for the complications of end-stage liver disease 
(ESLD). Cirrhosis resulting from chronic hepati-
tis C virus (HCV) infection remains one of the 
leading indications for LT. Without curative treat-
ment before transplant, graft failure resulting 
from recurrent hepatitis B or C represents a major 
source of morbidity and mortality [3]. In this 
chapter we focus on hepatitis viruses and their 
implications on causation of liver disease as well 
as considerations for and after liver transplant.
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Table 6.1 Nomenclature and features of hepatitis viruses

Hepatitis 
type

Size  
(nm) Morphology Genome Classification Antigen

HAV 27 Icosahedral, nonenveloped ss linear RNA Picornavirus HAV Ag
HBV 42 Double shelled virion Partially ds 

circular DNA
Hepadnavirus HBsAgHBcA 

gHBeAg
27 Nucleocapsid core HBcAgHBeAg
22 Virus coat material 

(spherical/filamentous)
HBsAg

HCV 40–60 Enveloped ss linear RNA Flavivirus HCV C100-3 C33c 
C22-3 NS5

HDV 35–37 Enveloped hybrid (HBsAg 
coat + HDV core)

ss circular RNA Defective virus 
(Delta agent)

HBsAg HDV Ag

HEV 32–34 Icosahedral, non-enveloped Linear RNA Hepevirus HEV Ag

6.2  Hepatitis A Virus (HAV)

Hepatitis A virus is a 27 nm single-stranded RNA 
virus that belongs to the Picorna family of viruses 
and is the exclusive member of the genus 
Hepatovirus [4]. The viral particle is a non-lipid 
envelope structure that is resistant to ether, chlo-
roform, and alcohol. HAV remains infectious 
after refrigeration and freezing and is resistant to 
heating at 60 °C for 30 min. However, it is inacti-
vated by phenol, ionizing radiation, and formal-
dehyde. There is only one serotype of HAV and a 
single infection confers lifelong immunity. 
Genetic heterogeneity has resulted in seven dif-
ferent HAV genotypes (I to VII), where types I, 
II, III, and VII have been associated with human 
disease.

Symptomatology The majority of acute HAV 
infections are subclinical [5]. When symptoms 
do appear, they tend to be mild and nonspecific in 
nature. Most commonly they include fever, gen-
eral malaise, fatigue, abdominal discomfort, and 
change in bowel habits. When severe, dark urine, 
pale stool, and jaundice may appear. The severity 
of acute HAV infections is proportional to the age 
of the patient, with younger patients tending to 
have milder disease than the elderly [6]. The 
overall mortality rates are only 0.1% in the gen-
eral population as opposed to 1–2% in the elderly 
[7]. Hepatitis A infections do not progress to 
chronic hepatitis (defined as hepatitis persisting 
beyond 6 months) or cirrhosis [8].

Transmission HAV is an enterically transmitted 
disease, usually through the fecal-oral route, either 
through person-to-person contact or contaminated 
water or food (e.g., salad, fruits, shellfish). Person-
to-person contact is the main route of spread of the 
virus, especially in children, adolescents, and young 
adults [9]. Foodborne outbreaks have been associ-
ated with uncooked food (usually related to shell-
fish ingestion) and contaminated water. Although 
the virus is present in blood, the limited amount of 
circulating virus and short duration of viremia ren-
der parenteral transmission of this virus extremely 
uncommon. Feces of infected individuals tend to 
contain the virus for a 2-week period prior to the 
onset of illness and for at least 2 weeks and perhaps 
as long as 3 months thereafter [10]. There are sev-
eral reports of patients in pediatric hospitals and 
neonatal nurseries in particular who have transmit-
ted HAV to health care workers [11–14].

Serology The serologic diagnosis of an acute 
hepatitis A infection is relatively straightforward. 
A positive IgM antibody to hepatitis A virus (IgM 
anti-HAV) indicates that infection with this virus 
has taken place within the past 3–6 months [15]. 
Shortly after the appearance of the IgM anti- 
HAV, IgG anti-HAV appears in the circulation. 
Unlike IgM anti-HAV, the IgG antibody persists 
for decades and indicates long-standing immu-
nity against future HAV infections. Thus, indi-
viduals with acute HAV infections are IgM 
anti-HAV positive. There is very effective vac-
cine available against HAV. Those who are IgG 
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Fig. 6.1 Course of 
acute hepatitis A

anti-HAV negative are susceptible to HAV and 
therefore candidates for vaccination.

Treatment of acute HAV infections is support-
ive, as the majority of cases resolve spontaneously 
without residual damage or sequelae. In those rare 
cases that progress to fulminant hepatic failure, liver 
transplantation should be considered (Fig. 6.1).

6.3  Hepatitis E Virus (HEV)

The hepatitis E virus is a single-stranded RNA 
virus belonging to the Calici virus family [16]. A 
positive anti-HEV test is used to establish the 
diagnosis [17]. Like HAV, HEV does not cause 
chronic liver disease and is spread by fecal/oral 
transmission [18–20]. Unlike HAV and other 
hepatotropic viruses, the mortality of acute HEV 
infections in pregnant women is high (15–20%) 
[21]. Phylogenetic analysis of human HEV iso-
lates reveals 4 geographically distinct genotypes 
(genotypes 1 to 4) [22]. Genotype 1 includes iso-
lates from Asia and Africa, and genotype 2 
includes 1 strain from Mexico and some isolates 
from western Africa; both of these genotypes are 
restricted to humans and have been associated 
with waterborne disease outbreaks. On the other 
hand, genotype 3 and 4 cases account for less 
than 1% of cases of acute viral hepatitis.

Epidemiology and Transmission Two distinct 
epidemiologic patterns of infection and human 
disease caused by HEV are observed: (1) geno-
type 1 or 2 HEV disease in areas of high endemic-
ity and (2) genotype 3 or 4 disease in areas of 
lower endemicity. Genotypes 1 and 2 are frequent 
in developing countries of Asia (Indian subconti-
nent, southeast and central Asia), the Middle East, 
Africa, parts of South America and Mexico [23, 
24]. In these areas, human HEV infection occurs 
in the form of disease outbreak [24–26] and fre-
quent cases of sporadic disease. Characteristically, 
with genotype 1 and 2 infection, the rates of dis-
ease and mortality are high in pregnant women. 
Hepatitis E virus (usually genotype 1 and 2) is 
transmitted mainly via fecal- oral route, with 
fecally contaminated water providing the most 
common route of transmission.

The cases in low-endemicity areas have mostly 
been related to HEV genotype 3. The source and 
route of infection in hepatitis E in areas of low 
endemicity remain unclear. The available evidence 
suggests that most such cases are related to zoo-
notic transmission from pigs (or other animals) by 
the oral route. Such  transmission could occur 
through consumption of undercooked animal meat, 
close contact with infected animals, or contamina-
tion of water supplies from animal feces.
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Symptomatology The most common recogniz-
able form of HEV genotype 1 and 2 infection is 
acute icteric hepatitis, with clinical features 
resembling acute hepatitis A or B. Acute hepatitis 
E is usually self-limited. A few patients have a 
prolonged course with marked cholestasis (cho-
lestatic hepatitis), including persistent jaundice 
lasting 2 to 6  months, prominent itching, and 
marked elevation of the serum alkaline phospha-
tase level, ultimately with spontaneous resolu-
tion. In a small proportion of patients, the disease 
is severe and associated with subacute or fulmi-
nant hepatic failure. Pregnant women, particu-
larly those in the second or third trimester, are 
affected more frequently during hepatitis E out-
breaks than are others in the population and have 
a worse outcome, with mortality rates of 5% to 
25%. In an epidemic in Kashmir, India, clinical 
hepatitis E developed in 17.3% of pregnant 
women (8.8%, 19.4%, and 18.6% of those in tri-
mesters 1, 2, and 3, respectively), compared with 
2.1% of nonpregnant women and 2.8% of men of 
similar age [27]. Fulminant hepatic failure devel-
oped in approximately 22% of the affected preg-

nant women, with an increased frequency of 
abortions, stillbirths, and neonatal deaths. 
Chronic Hepatitis E infection, with persistent 
viremia and fecal excretion lasting for several 
months to years, can occur in areas of low ende-
micity and have been associated with HEV geno-
type 3 infection [28]. Such persistent infection is 
seen commonly (but not exclusively) in immuno-
suppressed patients, including organ transplant 
recipients, those receiving cancer chemotherapy, 
and HIV-infected persons.

Serology The diagnosis of human HEV infection 
is based either on detection of HEV RNA in stool 
and serum specimens using a reverse transcription- 
PCR assay [29]. IgM anti-HEV is a surrogate 
marker of acute infection and is more commonly 
used to diagnose acute HEV hepatitis (Fig. 6.2). 
The presence in serum of IgM anti- HEV strongly 
suggests acute infection, whereas detection of IgG 
anti-HEV indicates the convalescent phase or past 
infection. IgM anti-HEV appears in the early 
phase of clinical illness, lasts 4 to 5 months, and 
can be detected in 80% to 100% of cases during 

Serum ALT

Acute phase Recovery phase

IgG anti-HEV

IgM anti-HEV

0 1 2 3 4 5

→ Months post exposure

Fig. 6.2 Course of 
acute hepatitis E
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outbreaks. IgG anti-HEV appears a few days after 
IgM anti-HEV and remains detectable for at least 
one to several years. In contrast to HAV, IgM HEV 
does not provide immunity against subsequent 
infections. Also currently, there is no vaccine 
available for hepatitis E.

Treatment of acute HAV infections is support-
ive, as the majority of cases resolve spontaneously 
without residual damage or sequelae. In those rare 
cases that progress to fulminant hepatic failure, 
liver transplantation should be considered.

6.4  Hepatitis B Virus (HBV)

The hepatitis B virus is a 42 nm, double-stranded 
DNA virus that belongs to the Hepadnaviridae 
(Hepatitis DNA) family of viruses [30]. HBV is a 
small (3.2-kilobase [kb]) virus with a DNA 
genome that has a relaxed, circular, partially 
double- stranded configuration. It has an incuba-
tion period of 40–160  days (75  days on 
average).

6.4.1 Epidemiology

The prevalence of infection varies geographically 
and can be divided into areas of low (less than 
2%), intermediate (2–8%), and high (more than 
8%) endemicity (Fig. 6.3).

6.4.2 Transmission

Perinatal transmission and horizontal spread 
among children are the major means of transmis-
sion in high-risk areas while sexual transmission 
and injection drug abuse are common means of 
transmission in low-risk areas.

The epidemiology, impact, and duration of the 
infection vary according to the type of virus as 
well as the route of transmission. The main 
routes are blood transfusion, injection with con-
taminated material, iv drug abuse, transmission 
from mother to child at birth, and sexual activity. 
Most people are asymptomatic and are unaware 
of having an infection that can result in liver cir-
rhosis and liver cancer.

HBV infection (Table 6.2; Fig. 6.4) in adults 
can present as acute hepatitis, chronic hepatitis, 
and an “inactive disease” state. By definition, the 
acute hepatitis phase represents the first 6 months 
of the infection. During this phase, patients are 
often asymptomatic or have nonspecific com-
plaints similar to those described with mild HAV 
infections [31, 32]. HBsAg, IgM anti-HBc, and 
HBeAg testing are frequently positive during this 
phase of the illness. If the infection is contracted 
in adulthood, in 90–95% cases acute hepatitis 
resolves spontaneously and patients develop nat-
ural immunity (seroconvert from HBsAg to anti- 
HBs positive). The more severe the acute 
hepatitis, the more likely this is to occur [31]. 
Unfortunately, if infection is contracted in 

Prevalence of hepatitis B ≥ 8%

Prevalence of hepatitis B < 2%

Prevalence of hepatitis B 2−7%

Fig. 6.3 Prevalence of 
HBV infection 
worldwide
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Table 6.2 Natural history of viral hepatitis

Features HAV HBV HCV HDV HEV
IP (mean) 30 days 60–90 days 50 days 60–90 days 40 days
Onset Acute Insidious Acute Insidious Acute
Age Child and young Young adults Any age Any age Young adults
Severity Mild Occ severe Moderate Occ severe Mild
Fulminant 0.1% 0.1–1% 0.1% 5–20% 1–2%
Chronicity None 1–10% 85% Common None
Cancer None + + ± None
Prognosis Excellent Worse with age Moderate Acute-good chronic-poor Good

CHRONIC INFECTION

HBeAg Positive

HBsAg

Liver Disease

ALT

HBV DNA

HBeAg

High

None/Minimal

Normal

>107 IU/ml

Positive

Low

None

Normal

<2000 IU/ml >2000 IU/ml

Negative

Intermediate

Moderate/Severe

Elevated

Negative

High/ Intermediate

Moderate/Severe

Elevated

104-107 IU/ml

Positive

HBeAg Negative HBeAg Positive HBeAg Negative

CHRONIC HEPATITIS

Fig. 6.4 Natural course of patients with chronic HBV infection based upon HBV and liver disease markers

infancy or childhood, only 5–10% of patients 
resolve their infection (>90% continuing to 
develop chronic infection). Adolescents have an 
intermediate likelihood of spontaneously resolv-
ing their infection. If the HBsAg remains positive 
for 6 months after the onset of the illness or is 
documented to be positive on two occasions 
6  months apart, the individual almost certainly 
has a chronic HBV infection.

Chronic HBV infection, once established, is 
a dynamic process reflecting the interaction 
between HBV replication and the host immune 
response. Chronic HBV infection is not syn-
onymous with chronic hepatitis B (CHB), as 
will be clear from the following discussion. 
The natural history of chronic HBV infection 
has been divided into five phases, taking into 
account the presence of HBeAg, HBV DNA 
levels, alanine aminotransferase (ALT) values, 
and eventually the presence or absence of liver 
inflammation (Fig.  6.1). The new nomencla-

ture is based on the description of the two main 
characteristics of chronicity: infection vs. 
hepatitis.

The first phase is Immune Tolerant phase 
also known as Replicative phase, characterized by 
HBsAg and HBeAg positivity, normal or near- 
normal enzymes with high HBV DNA levels. 
This is followed by Immune Clearance/reactive 
phase, also known as Immunoactive phase, char-
acterized by HBsAg and HBeAg positivity, ele-
vated enzymes with elevated HBV DNA levels. 
Eventually, symptoms resolve, liver enzymes 
return to normal or near-normal values, and the 
patient seroconverts from HBeAg to anti-HBe 
positive, indicating entry into the third phase of 
the infection, the “inactive disease” state. The 
inactive disease state tends to last from years to 
decades. During this phase, patients are largely 
asymptomatic, have normal or near-normal liver 
enzyme levels, are HBeAg negative, have low or 
undetectable levels of HBV DNA in the blood, 
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and, if biopsied, have little evidence of active 
inflammation. The major complications of the 
hepatitis B carrier state—cirrhosis and hepatocel-
lular carcinoma—tend to occur in approximately 
30% and 15% of cases respectively [33, 34]. The 
inactive carrier state may either result in clearance 
of HBsAg or more commonly may progress to 
reactivation of HBV replication leading to chronic 
hepatitis and further liver damage. When cirrhosis 
does develop, it is often present during the chronic 
hepatitis phase, whereas hepatocellular carcinoma 
tends to be diagnosed during the late chronic hep-
atitis or inactive disease phase of the infection. In 
a small proportion of patients with inactive dis-
ease (around 5%), HBsAg disappears and anti-
HBs appears marking resolution of the infection.

Maternal–infant transmission is the most com-
mon route of HBV infections in the world at the 
present time, in industrialized nations, parenteral 
drug abuse and needle stick exposures represent 
significant high- risk activities [35]. Needle stick 
exposures involving blood from an individual 
with high levels of viral replication (HBeAg posi-
tive or high HBV DNA levels) tend to result in 
HBV infections occurring in approximately 60% 
of cases. When the infection in the source is not 
actively replicating (HBeAg negative or low HBV 
DNA levels), the figure falls to approximately 
30% [36]. In addition to the size of the inoculum, 
features of the needle itself, hollow or solid, 
appear to be important factors influencing the risk 
of viral transmission [37, 38]. The prevalence of 
HBV infection among health care workers is 
threefold to fivefold higher than the general popu-
lation, with surgeons (particularly orthopedic sur-
geons and gynecologists) and dentists having the 
highest reported rates [39, 40].

6.4.3 Serology/Serological Markers

HBV diagnosis is accomplished by testing for a 
series of serological markers of HBV and by 
additional testing to exclude alternative etiologi-
cal agents such as hepatitis A and C viruses. 
Serological tests are used to distinguish acute, 
self-limited infections from chronic HBV infec-
tions and to monitor vaccine- induced immunity. 

The various serological markers for diagnosis of 
hepatitis B are:

 1. HBsAg (Hepatitis B surface antigen)
HBsAg is the first serological marker after 

infection (HBV DNA is the first marker). The 
antigen is detectable before the liver enzymes 
elevation and onset of clinical illness. In the 
typical case of acute hepatitis, it disappears 
within 2 months of start of clinical illness. If it 
lasts for more than 6 months, the infection is 
defined as chronic infection.

 2. Anti-HBs (Antibody to HBV surface 
antigen)

This antibody appears when HBsAg is no 
longer detectable. It is a protective antibody 
and indicates immunity to HBV either 
through past infection or through vaccination. 
The protective level of anti-HBs antibodies is 
defined as ≥10 mIU/ml.

 3. Anti-HBc (Antibody to HBV core antigen)
The anti-HBc IgM appears in the serum a 

week or two after the appearance of HBsAg and 
is therefore the earliest antibody marker to be 
seen in blood. The anti-HBcIgG antibody pos-
sibly persists for life and is therefore a useful 
indicator of prior infection with HBV. IgM anti-
HBc is seen in acute infections but is replaced 
by IgG HBc in 6 months after HBV infection. 
IgG anti-HBc is the most reliable marker for 
previous HBV infection; it persists when anti-
HBs titers decline to undetectable levels many 
years following recovery from HBV infection.

 4. HBeAg
It appears in the blood concurrently with 

HBsAg, or soon afterwards and generally dis-
appears within several weeks in acute, resolv-
ing cases. It is an indicator of active 
intrahepatic viral replication; therefore its 
presence in blood means that the person is 
highly infectious. Its disappearance is fol-
lowed by appearance of anti-HBe. Testing for 
HBeAg is not necessary in most cases of acute 
hepatitis B; however, testing of HBeAg is of 
value in chronic hepatitis B (where HBeAg is 
an important marker of viral replication). 
However, the absence of HBeAg does not 
preclude active viral replication.
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 5. Anti-HBe
Its presence in blood denotes low infectiv-

ity. It has prognostic implication as appear-
ance of anti-HBe in acute hepatitis B implies 
a high likelihood that HBV infection will 
resolve spontaneously.

6.4.4  Occult Hepatitis B Infection 
(OBI)

This refers to presence of HBV DNA in circulat-
ing blood without detectable HBsAg. Anti-HBe 
may disappear and the only detectable marker 
would be anti-HB core in addition to HBV 
DNA. The clinical implication of this fact is that 
anyone who is positive for anti-HBc antibody 
without any other serological markers for HBV 
should be tested with HBV DNA in transplant 
scenario (donor or recipient).

6.4.5  Transplantation 
for Hepatitis B

Hepatitis B virus (HBV) associated chronic or 
fulminant liver disease is a common indication 
for LT across the world [41, 42].

Historically, the risk of HBV reactivation after 
liver transplant for HBV-related liver disease was 
>80% (in the absence of prophylaxis with antivi-
rals) [43, 44]. Over the last 2 decades there have 
been major advances in the management of HBV 
transplant candidates. With the combination pro-
phylaxis of hepatitis B immune globulin (HBIg) 
and nucleos(t)ide analogs, administered before 
and after transplantation, post-transplant survival 
in patients with hepatitis B has risen to more than 
80% at 5  years and recurrence rates below 5% 
[45, 46]. However, HBIG is very expensive and 
inconvenient (intravenous or intramuscular use) 
for patients. This has led to the development of 
alternative strategies aiming to reduce the dose 
and duration of HBIG or recently to abolish 
HBIG use with monotherapy of nucleos(t)ide 
analogs having high barrier to resistance 
(Entecavir (ETV), Tenofovir (TDF), or Tenofovir 
Alafenamide).

6.4.5.1  Risk Factors for HBV Recurrence 
after Liver Transplant

The main risk factors for HBV recurrence are as 
follows:

• High pretransplant HBV viral load (i.e., HBV 
DNA > 103 IU/mL) [8, 19–23].

• Infection with LAM-resistant HBV virions 
(YMDD variants) increases the risk for recur-
rence regardless of viral load [47, 48].

• HCC at LT.
• Chemotherapy used for HCC is independently 

associated with an increased risk for HBV 
recurrence [48–51].

Factors associated with low rates of recur-
rence are surrogate markers for low levels of 
viral replication and include:

• Negative hepatitis B e antigen (HBeAg) status 
at listing.

• Low HBV DNA ≤103

• Fulminant HBV
• HDV coinfection

6.4.5.2  Prophylaxis for Prevention 
of Hepatitis B Virus (HBV) Graft 
Recurrence Following Liver 
Transplantation

 Antiviral Monotherapy
Entecavir (ETV) and Tenofovir (TDF), antivirals 
with high barrier to resistance, have been evalu-
ated as a prophylactic therapy. The drug should 
be started before transplantation to achieve an 
undetectable HBV DNA before transplant and 
continued after transplantation without HBIg 
with excellent 1, 3, and 5 years outcome in terms 
of recurrence rate as well as survival [53]. 
Nucleos(t)ide monotherapy is the standard of 
care for prophylaxis of patients at low risk of 
HBV recurrence after liver transplant.

Fung et  al. [60] investigated the efficacy of 
ETV as monoprophylaxis in 80 patients with 
chronic hepatitis B who received a liver trans-
plant. A total of 18 patients (22.5%) had persis-
tent HBsAg positivity after transplant without 
seroclearance (n = 8) or reappearance of HBsAg 
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after initial seroclearance (n  =  10). Seventeen 
patients had undetectable levels of HBV DNA at 
the time of last follow-up. The remaining patient 
had a very low HBV DNA level of 217 copies/
mL at 36 months after LT.

6.4.5.3  Prophylaxis for Prevention 
of Hepatitis B Virus (HBV) Graft 
Recurrence Following Liver 
Transplantation (LT)

 Combination Prophylaxis
The use of antivirals with high resistance barrier 
before transplantation followed by a combina-
tion of antivirals and HBIG after LT minimizes 
risk for reinfection (Fig. 6.5). With this combina-
tion approach the HBV recurrence rate at 
1–2 years after transplantation has been reduced 
to <10%. Combination prophylaxis is currently 
recommended for patients at high risk of recur-
rence after liver transplant. Originally, HBIG 
used to be given intraoperatively during the 

anhepatic phase, followed postoperatively as 
intravenous injections to be continued lifelong. 
A combination of high potency oral antivirals 
with HBIG has been recommended based on 
various meta- analysis [52–54]. However, all 
these meta- analyses have mostly included stud-
ies where lamivudine and/or adefovir have been 
used. With the currently available evidence, it is 
safe to recommend usage of low-dose HBIG 
(800  IU intraoperatively, followed by 400–
800  IU daily for 7  days and then monthly) in 
patients who are DNA positive at the time of 
transplant [55, 56].

There is enough evidence now to discontinue 
HBIG shortly after liver transplant. HBIG with-
drawal has been shown to be safe and does not 
increase recurrence of HBV infection [57–60]. 
HBIG withdrawal has been done as early as on 
first postoperative day after transplant. However, 
most centers would withdraw HBIG after 1 year 
provided the patients are HBsAg as well HBV 
DNA negative.

Antivirals with high
barrier to resistance

with or without
HBIG

Anhepatic
phase and first
postoperative

week

Post-LT

Time of LT

High-risk patients
-Detectable HBV DNA levels
-HBeAg positive
-Presence of drug-resistant HBV
-HIV coinfection
-High risk of HCC recurrence
-Poor compliance to antiviral
  therapy

Low-risk patients
-Undetectable HBV DNA
  levels
-HBeAg negative
-Fulminant hepatitis B
-HDV coinfection*

High risk group
Combination prophylaxis with
finite duration of low-dose IM

HBIg and indefinite oral
antiviral(s)

Low risk group
Monotherapy group with
indefinite antiviral(s) with

high resistance
barrier (TDF/ETV/TAF)

Fig. 6.5 Prophylaxis for prevention of HBV graft recurrence following liver transplantation
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6.4.6  Antiviral Monotherapy

With the use of high potency antivirals like tenofo-
vir and entecavir, the need for HBIg in the imme-
diate post-transplant period has been questioned. 
There are many studies that have not used HBIg at 
all in the immediate post-transplant period [61–
63]. All these studies have reported HBV recur-
rence rates of <10% which are comparable to 
HBIG regimens. With the available evidence, we 
would recommend that HBIG could be omitted in 
patients who are at low risk of recurrence (low or 
negative HBV DNA at the time of transplant).

With the excellent outcomes and cost effec-
tiveness of antiviral monotherapy (Entecavir 
(ETV) and/or Tenofovir), it has become standard 
treatment in many transplant centers across the 
world.

6.5  Hepatitis D Virus (HDV)

Delta hepatitis agent or HDV, the only member 
of the genus Deltavirus, is a defective RNA virus 
that co-infects with and requires the helper func-
tion of HBV (or other hepadnaviruses) for its rep-
lication and expression. Slightly smaller than 
HBV, delta is 35- to 37-nm virus with a hybrid 
structure. Its nucleocapsid expresses delta anti-
gen. The delta core is “encapsidated” by an outer 
envelope of HBsAg. Chronicity: There are 100% 
chances of chronicity in patients with HDV 
superinfection over HBV (HBV-HDV coinfec-
tion have 1–10% chances), while perinatal HBV 
and HCV have 90% and 85% chances of chronic-
ity, respectively. The highest chances of viral 
hepatitis to culminate into FHF (fulminant 
hepatic failure) are with HDV superinfection 
over preexisting HBV infection while HBV-HDV 
coinfection has 5% chances for FHF.

6.5.1  Laboratory Diagnosis

The diagnosis of HDV infection is done by anti-
body to HDV antigen (anti-HDV), detected by 
EIA or RIA. The presence of IgM anti-HDV does 

not distinguish acute from chronic HDV infec-
tion, as IgM anti-HDV also persists in chronic 
infection and high titers are often found in patients 
with severe liver inflammation. HBV- HDV coin-
fection is diagnosed on the detection of anti-
HDV in serum in association with HBsAg or 
IgM anti-HBc (as IgM anti-HBc may sometimes 
be the only marker of HBV infection in this set-
ting as HDV suppresses HBV replication).

HDV superinfection in chronic hepatitis B is 
diagnosed by presence of anti-HDV in a patient 
who harbors HBsAg and IgG anti-HBc. HDV 
antigen in the liver (by IEM) and HDV RNA in 
serum and liver can be detected during HDV rep-
lication but are not routinely used for diagnosis.

6.5.2  Liver Transplantation 
in Patients with Hepatitis D 
Virus Liver Cirrhosis

Around 5% of the chronic carriers of HBV 
worldwide have serological evidence of expo-
sure to HDV.  HDV coinfection is associated 
with more severe disease and a higher incidence 
of cirrhosis than HBV monoinfection [64, 65]. 
Some European studies have demonstrated a 
threefold and twofold risk increase, respec-
tively, for developing HCC and for death in 
HDV patients compared with HBV monoin-
fected patients [66]. Patients chronically 
infected with HBV and HDV are less at risk for 
HBsAg reappearance after transplantation than 
patients infected with HBV alone and have bet-
ter post-transplant survival (with or without 
HBV prophylaxis) [67]. The lower risk for 
recurrence among the patients with HDV cirrho-
sis could be explained by the fact that 70% to 
90% of patients with HDV coinfection are 
HBeAg negative, and most have low serum 
HBV DNA levels because of the inhibitory 
effect of HDV on HBV replication.

Prevention of Recurrence After LT The strate-
gies for prevention of HBV  +  HDV recurrence 
are same as those for HBV recurrence (discussed 
in the previous section). In view of low risk of 
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recurrence after LT, potent nucleos(t)ide mono-
therapy is preferred over HBIG combination.

6.6  Hepatitis C Virus (HCV)

HCV belongs to the Flaviviridae family of viruses 
and is an enveloped RNA virus 50 nm in diame-
ter. There are currently six described genotypes 
(types 1–6).

6.6.1  Epidemiology

According to WHO estimates the global preva-
lence of HCV is 3%, with 170 million people 
infected worldwide. African countries (especially 
Egypt) have the highest prevalence of HCV 
(approximately 13% of the population), while it 
ranges between 2% and 5% in Asia and 1% and 
2% in Europe and USA.
Transmission Exposure to blood products, 
especially from contaminated syringes or needles 
is the most common mode of transmission of 
HCV.  Sexual contact and vertical transmission 
are other less clearly defined modes.

6.6.2  Clinical Features

The incubation period for hepatitis C is between 
2 weeks and 6 months. HCV has a high (>approx. 
80%) propensity to progress to chronicity [68, 
69]. Since most of infections are subclinical 
(>75% of people are asymptomatic), the only 
way to detect HCV infection early is by screen-
ing the high-risk population. Symptomatic indi-
viduals can have a wide range of clinical 
presentations including fever, jaundice, dark 
urine, fatigue, nausea, vomiting, loss of appetite, 
and abdominal pain.

6.6.3  Diagnosis

By convention, acute hepatitis C virus (HCV) 
infection refers to the presence of clinical signs or 

symptoms of hepatitis within 6  months of pre-
sumed HCV exposure. Patients infected with hep-
atitis C virus may spontaneously clear the virus or 
develop chronic infection. Approximately 10–40% 
spontaneously clear the virus within 3 months (no 
later than 20  weeks after the onset of signs or 
symptoms). Symptomatic acute HCV infection is 
associated with a higher rate of spontaneous clear-
ance than asymptomatic infection. The diagnosis 
of chronic hepatitis C is based on the detection of 
both HCV antibodies and HCV RNA in the pres-
ence of signs of chronic hepatitis, either by ele-
vated aminotransferases or by histopathology. 
Spontaneous viral clearance is very rare beyond 
6  months of infection; the diagnosis of chronic 
hepatitis C can be made after that time period.

6.6.4  Screening Test: (Anti-HCV 
Antibody)

Anti-HCV antibody detection by ELISA, a third- 
generation immunoassay, is a standard method of 
diagnosis. This test has a sensitivity of 97% 
although the positive predictive value may be 
low. It detects antibodies within 6–8  weeks of 
infection, i.e., during the initial phase of elevated 
aminotransferases. This is only a screening test; 
results have to be confirmed by a HCV RNA 
PCR test. Infants should not be tested for anti- 
HCV antibodies before 12 months of age as anti- 
HCV from the mother may last until this age. The 
diagnosis of HCV in infants depends on the pres-
ence of HCV RNA in baby blood after the second 
month of life.

Chronic HCV infection rarely clears sponta-
neously. Chronic hepatitis C causes continuous 
liver damage, resulting in liver cirrhosis and HCC 
(Fig. 6.6). The rate of progression of fibrosis to 
cirrhosis and HCC is highly variable. Host fac-
tors (alcohol, obesity, metabolic syndrome, etc.) 
have a significant role to play in its progression. 
In studies published till lately, cirrhosis devel-
oped in around 16% of patients within 20 years 
after the onset of HCV infection [70]. Longer 
duration of infection may result in higher inci-
dence of cirrhosis and HCC.
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Fig. 6.6 Natural history of hepatitis C infection

6.6.5  Treatment Strategies and End- 
Stage Liver Disease

The most challenging HCV treatment candidates 
are individuals with cirrhosis. With the advent of 
newer Directly Acting Antivirals (DAAs) like 
pangenotypic Velpatasvir with Sofosbuvir com-
bination a SVR of >90% is achievable in com-
pensated cirrhotics in 12 weeks regimen and with 
addition of Ribavirin in Decompensated cirrhot-
ics a SVR of >70% is achievable. Though the 
definitive management is Liver Transplantation 
in Decompensated cirrhotics, an undetectable 
RNA level with DAA before transplantation 
almost negates chances of post-transplant recur-
rence, which historically was a major issue 
post-transplantation.

6.6.6  Liver Transplantation for HCV-
Related Liver Disease

If patient is HCV RNA positive at the time of 
transplant, recurrence of HCV infection in the 
allograft post-transplant is universal. Recurrent 
hepatitis C is significantly more aggressive in 
liver transplant recipients than in patients whose 
immunity is intact, with progression to cirrhosis 
reported in about one third of patients by the end 
of fifth year after transplant. Antiviral therapy 
with DAAs before transplant to achieve SVR (if 
possible) is a good way to improve outcomes and 
to prevent HCV reinfection.

6.6.6.1  Hepatitis C Virus Infection After 
Liver Transplantation

With the advances in medical management (i.e., 
DAAs) and increase in number of living donor 
liver transplants (with advantage of using antivi-
ral therapy pretransplantation, shorter cold isch-
emic time, and a younger donor age), chances of 
post-transplant recurrent HCV infection have 
reduced significantly. However, in today’s era the 
HCV treatment after transplant has also become 
very straightforward. Unlike in interferon era, the 
treatment with DAAs after transplant is done as 
early as 3 months after transplant.

6.6.6.2  Treatment Strategies for HCV
Antiviral therapy with clearance of HCV 
improves prognosis after transplant. Sustained 
viral eradication is associated with a decreased 
risk for fibrosis progression, hepatic decompen-
sation, and graft loss, ultimately resulting in 
enhanced survival [71, 72]. Three approaches to 
antiviral therapy can be used in HCV-positive 
recipients:

 1. Treatment before transplantation, with the 
goal of suppressing viral replication so that 
viral reinfection is prevented—This most pre-
ferred approach as lesser duration (12 weeks) 
of therapy with newer DAAs achieves >90% 
SVR.

 2. Preemptive early post-transplant antiviral 
therapy—In some cases, treatment of HCV 
before transplant is not possible (e.g., DDLT, 
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ALF/ACLF setting, high MELD before trans-
plant). This strategy attempts to treat HCV 
early after transplant before histological dam-
age has occurred. Usually treatment is started 
3–6 months after transplant. However, it can 
be earlier also if graft injury occurs.

 3. Treatment of established disease—This used 
to be the predominant approach when only 
treatment option was interferon with ribavi-
rin. Currently this is not widely practiced.

6.7  Donors with Viral Hepatitis

6.7.1  Hepatitis B Virus

Hepatitis B virus is widely prevalent with approxi-
mately one third of the world population having 
current or previous infection [73]. Thus the pro-
portion of donors with HBcAb positivity is sub-
stantial; up to 57% in southeast Asia, 8% in India, 
and 2–5% in the United States. Management of 
HBV transmission risks is critical for safely 
expanding the donor pool. Patients with prior 
exposure to HBV (positive HbcAb) have lifelong 
hepatocyte infection due to covalently closed cir-
cular DNA (cccDNA) in the hepatocyte nucleus 
that cannot be cleared by the host immune response 
[72]. Even HbcAb-positive donors with negative 
serum HBV DNA can transmit HBV to the recipi-
ent [73]. All organ donors (whether LDLT or 
DDLT) should be tested for surface antigen 
(HbsAg) and HbcAb. Potential living kidney or 
liver donors are also tested for surface antibody 
(hepatitis B surface antibody [HbsAb]) [75, 76].

6.7.2  Approach to the Isolated 
HbcAb-Positive Donor

In donors who are HbsAg negative and HbcAb 
positive, transmission of HBV is expected, and 
preventative approaches with antiviral treatment 
for the recipient can minimize the risk of disease 
transmission [75–80]. Without prophylaxis, non-

immune liver recipients (HbsAb negative) have 
the highest rates (77%) of HBV infection from 
HbcAb-positive donors [81]. In successfully vac-
cinated recipients (HbcAb negative, HbsAb posi-
tive), HBV transmission can rarely occur. For 
recipients who had isolated HbcAb positivity, 
transmission occurred in 13%. No HBV transmis-
sion occurred in naturally immune (HbcAb posi-
tive, HBSAg negative, HbsAb positive) recipients. 
Current guidelines recommend recipients of 
organs from isolated HbcAb+ donors receive pro-
phylaxis with oral antivirals. In the era of effective 
antivirals, hepatitis B immune globulin is no lon-
ger needed for recipients getting HBcAb-positive 
grafts [74, 80]. Vaccinated liver transplant recipi-
ents should receive antiviral prophylaxis for at 
least 1 year, and if the levels of HbsAb are greater 
than 10  IU/mL at 1 year, withdrawal of prophy-
laxis can be considered [74]. In patients (receiving 
HBcAb- positive grafts) who are HbsAb negative 
and HbcAb negative, prophylaxis is recommended 
indefinitely. For liver recipients who are naturally 
immune (HbcAb positive and HbsAb positive), 
prophylaxis is not generally required. In all liver 
recipients, HBV DNA and/or HBSAg should be 
monitored every 3  months for the first year and 
every 3–6 months indefinitely. Prophylaxis is sug-
gested if rituximab is given to recipients  getting 
HBcAb-positive grafts (irrespective of immunity 
status of the recipient) [82, 83].

6.7.3  Approach to Use of HbsAg or 
HBVNAT-Positive Donors

In DDLT setting, donors who are HbsAg or HBV 
NAT positive are infrequently used out of safety 
concerns. Active HBV infection leads to unac-
ceptably high rates of HBV transmission to the 
recipient. When used, these grafts are typically 
donated to recipients with active HBV infection 
themselves or after meticulous informed consent 
for urgent situations [75]. Any liver graft from a 
donor who is HbsAg positive should be evaluated 
for histological evidence of liver disease before 
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transplantation. On the other hand, HBsAg- 
positive donors are not used in LDLT scenario 
(for the fear of reactivation of HBV in the donor 
after hepatectomy).

In liver transplant recipients, without prophy-
laxis, HBV infection occurs in nearly 100% of all 
recipients of HBSAg-positive donors [84]. 
Current guidelines recommend any cadaveric 
organ recipients from HbsAg-positive donors 
receive indefinite prophylaxis with entecavir or 
tenofovir [75]. Also HBsAg-positive living 
donors should be rejected for donation.

Hepatitis C Virus The newer direct-acting anti-
viral agents (DAAs) have revolutionized the treat-
ment of HCV.  The high efficacy (cure rates, 
>95%) and minimal side effect profile of DAAs 
make treatment of HCV simpler than interferon- 
based regimens. In addition, recipients with pre-
existing HCV can be successfully treated with 
DAAs before or after transplantation. Testing of 
donors for HCV traditionally was limited to serol-
ogy (anti-HCV antibody), the presence or absence 
of which labeled a donor HCV positive or nega-
tive [85]. However, in 2014, OPTN policy man-
dated that in addition to HCV antibody all donors 
must also undergo HCV NAT [85]. Use of NAT 
not only reduces the likelihood of missing a win-
dow period infection but also helps to discrimi-
nate between a viremic donor and ones who have 
either spontaneously cleared the virus or achieved 
cure after treatment. Donors with active infec-
tion (NAT positive and anti-HCV positive) clearly 
represent a risk of potential donor-to-recipient 
transmission. In contrast, patients who are NAT 
negative and anti-HCV positive have prior HCV 
exposure but no current infection (either treat-
ment cure or spontaneous clearance), or possibly 
have a false-positive anti- HCV.  Those who are 
NAT positive and anti-HCV negative may have 
acute infections in the window period, or possibly 
false-positive NAT.  The term “HCV viremic 
donor” has been proposed rather than “HCV-
positive donor” to more accurately identify the 
donors with documented active infection [85].

Traditionally, HCV “positive” organs (previ-
ously defined only by positive anti-HCV) were 
only transplanted into HCV-positive recipients 

[85]. Current data supports the safety of this 
practice in liver recipients, with no differences in 
graft or patient survival if the donor liver has no 
greater than stage 2 fibrosis [86–94]. Donors who 
are NAT negative and anti-HCV positive repre-
sent an exceptionally low risk of donor-derived 
HCV transmission (hence acceptable as grafts). 
Transplantation of hepatic allografts from anti- 
HCV- positive donors to recipients with HCV- 
related liver disease has not resulted in differences 
in graft and patient survival, compared with HCV 
recipients of grafts from HCV-negative donors.

However, it should be noted that this practice 
of using NAT-positive donors is only limited to 
DDLT setting. In LDLT scenario, all NAT- 
positive donors should be rejected. If there is a 
prior history of treatment for HCV, LDLT donor 
can be accepted if SVR has been achieved and 
there is no evidence of fibrosis in the donor liver.

6.8  Hepatitis A and E Virus

Hepatitis A and E virus is most commonly 
encountered in underdeveloped countries where 
transmission is largely fecal-oral [95] and is tra-
ditionally characterized as causing acute hepati-
tis. Because of the acute self-limited course of 
infection, HEV and HAV are not routinely tested 
for in organ donors. HEV/HAV RNA usually 
becomes undetectable in the serum approxi-
mately 3 weeks after the onset of symptoms, but 
can persist in stool for 2 additional weeks in 
immunocompetent patients [96] and for pro-
longed periods in the immunocompromised 
patients [97, 98].

There are no data or guidelines for use of 
donor livers with past HAV or HEV infection. 
Donors with ongoing acute hepatitis will obvi-
ously be rejected for donation. It is important to 
remember that liver inflammation may persist in 
patients with acute hepatitis A or E for many 
months after acute infection. Hence donation in 
such case should be postponed for at least 
3–6 months. Moreover, if it is decided to take the 
person as a donor, we recommend liver biopsy to 
document normal liver in such cases (specially if 
the acute hepatitis was within 1 year of proposed 
donation).
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6.9  Conclusion

Viral hepatitis, caused by hepatitis viruses A 
through E, is a major public health problem. 
Whereas HAV and HEV are known to cause 
acute hepatitis with spontaneous recovery and 
rarely acute liver failure (ALF), infection with 
HBV, HCV, or HDV is responsible for chronic 
hepatitis, leads to End-Stage Liver Disease, and 
is the main cause of Liver Transplantation.

Serological tests/biomarkers are used to dis-
tinguish acute, self-limited infections from 
chronic infections, to monitor vaccine-induced 
immunity, response to treatment, and determine 
the prognosis. Many serological tests are avail-
able, most common being Enzyme 
Immunoassays.

Liver transplantation (LT) is now a widely 
accepted lifesaving therapy for the complications 
of cirrhosis and acute liver failure due to infec-
tious hepatitis (Hepatitis A through E). HBV and 
HCV are likely to recur after transplant if ade-
quate treatment is not instituted. Graft failure 
resulting from recurrent hepatitis represents a 
major source of morbidity and mortality. 
Fortunately, effective treatment options for HBV 
as well as HCV are available (for treatment before 
as well as after transplant). With judicious use of 
currently available antiviral therapy, graft reinfec-
tion and failure can be successfully prevented.

Donors with HBV or HCV (past or current) 
need proper evaluation and strict adherence to 
guidelines before accepting them as donors. The 
criteria are different for LDLT and DDLT and 
should be carefully followed.
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7Indication and Contraindications 
for Liver Transplantation

Naimish N. Mehta and Srinivas Bojanapu

Patients undergoing liver transplantation should 
benefit from the extension of life expectancy 
beyond the natual course of survival or should 
have an improved quality of life.

Liver transplantation is the treatment of choice 
for patients with decompensated liver disease, 
cirrhosis with liver cancer, liver-based metabolic 
conditions causing systemic disease.

Since the time, liver transplantation was first 
attempted, continuous refinements in surgical 
techniques and an in-depth understanding of the 
immunological role in the rejection and discov-
ery of newer effective immunosuppressants have 
changed the perception of liver transplantation to 
a comparatively safer and standard procedure for 
patients with end-stage liver failure.

Acceptance of liver transplantation as a treat-
ment of choice has broadened the indications for 
liver transplantation and an increase in referrals 
[1].

Graft liver can be obtained from either a living 
donor (LD) or deceased donor (DD). Rationing 
of the scarce resource is vital as also the require-
ment of a replacement in the affected patient.

7.1  Indications

Indications can be classified into end-stage liver 
disease, fulminant liver failure, benign and 
malignant liver tumour [2] (Table 7.1).

7.1.1 Acute Liver Failure

Acute liver failure (ALF) is a potentially revers-
ible, often sudden, persistent and progressive 
liver dysfunction characterized by the occurrence 
of encephalopathy within 4 weeks of symptoms 
in the absence of pre- existing liver disease [3]. 
ALF is relatively rare, but carries a short-term 
(3 week) mortality above 40%. However, if the 
patient survives, typically the liver recovers fully, 
both structurally and functionally (except in 
autoimmune hepatitis and Wilson’s cases) [4].

Assessment is required to segregate patients 
who can survive with supportive measures 
alone or require liver transplantation (LT). 
Several models have been proposed to prog-
nosticate patients with ALF.  These include 
King’s College Hospital (KCH) criteria, Clichy 
criteria, serum Group-specific component pro-
tein levels, liver volume on CT scanning, blood 
lactate levels, hyperphosphataemia, Acute 
Physiology and Chronic Health Evaluation II 
score, etcetera. Dynamic models like ALF 
early dynamic model (ALFED) [5] can also be 
used to stratify patients needing LT and to pre-
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Table 7.1 Indications for liver transplantation

Acute liver failure
Hepatitis A/B
Drug induced (eg. Paracetamol, Anti- Tuberculosis 
therapy, etc)
Wilson’s disease
Budd–Chiari syndrome
Chronic liver failure
Noncholestatic cirrhosis
Hepatitis B/C
Autoimmune hepatitis
Alcohol-induced cirrhosis

Cholestatic cirrhosis
Primary biliary cirrhosis (PBC)
Primary sclerosing cholangitis (PSC)
Secondary biliary cirrhosis

Metabolic
Wilson’s disease
Hemochromatosis
α-1 Antitrypsin deficiency
Amyloidosis
Cystic fibrosis

Vascular
Budd–Chiari syndrome

Other indications
Primary oxalosis
Glycogen storage diseases
Hyperlipidaemia
Polycystic liver disease

Malignant disease
Hepatocellular carcinoma (HCC)
Fibrolamellar carcinoma (FLC)
Hepatoblastoma
Epithelioid haemangioendothelioma
Cholangiocellular adenocarcinoma
Neuroendocrine liver metastases

Liver transplantation in paediatric patients
Biliary atresia
Byler’s disease
Alagille’s syndrome
Neonatal hepatitis/neonatal viral hepatitis
Autoimmune hepatitis
Hepatoblastoma

Chronic liver failure
Tyrosinemia
Benign liver tumours
Adenomatosis

Table 7.2 King’s College Hospital (KCH) criteria [6]

Paracetamol-induced ALF Non-Paracetamol-induced ALF
Arterial blood pH < 7.30 (irrespective of the grade of 
encephalopathy)
OR
All of the following
• Prothrombin time >100 s (INR >6.5)
• Serum creatinine >3.4 mg/dl
• Grade III or IV hepatic encephalopathy

Prothrombin time >100 s (INR > 6.5) (irrespective of the 
grade of encephalopathy)
OR
Any 3 of the following (irrespective of the grade of 
encephalopathy)
• Age <10 or >40 years
• Aetiology: non-A/non-B hepatitis, drug-induced
• Duration of jaundice to encephalopathy >7 days
• Prothrombin time >50 (INR > 3.5)
• Serum bilirubin >18 mg/dl

dict mortality. Among the above, the King’s 
College hospital criteria are the most validated 
and widely practiced guidelines across the 
world (Table 7.2).

The King’s college criteria have a high posi-
tive predictive value (around 80% in paracetamol- 
induced ALF, 70–90% in non-paracetamol 

cases). Their negative predictive value is, how-
ever, lower (70–90% in paracetamol-induced 
ALF, 25–50%, only, in non-paracetamol induced 
cases) [4]. Nevertheless, the criteria will select 
around 20% of patients for OLT, who might have 
survived without LT. More importantly, perhaps, 
not meeting the criteria does not guarantee sur-
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vival without a transplant, particularly in non- 
paracetamol cases [4].

Aetiologically, variations occur featuring a 
high incidence with paracetamol (acetamino-
phen) induced ALF in the West as compared to 
hepatitis viruses, specifically hepatitis E and B 
in Southeast Asia including India [5, 7]. 
Establishing an aetiologic diagnosis accurately 
is vital in the management of ALF as the diag-
nosis impacts scoring as well as therapeutic 
strategy and prognostication. Any patient meet-
ing the above criteria should be offered LT as a 
treatment option.

7.1.2  Chronic Liver Disease

How to assess and determine the candidature for 
liver transplantation in patients with chronic liver 
disease.

Tools:

MELD (Model for End-stage Liver Disease)
CTP (Child Turcotte Pugh) score
UKELD (United Kingdom model for End stage 

Liver disease)
Disease-specific indices for primary biliary cir-

rhosis and sclerosing cholangitis
UNOS System

Referral for transplantation to be done for 
patients with cirrhosis when they develop evi-
dence of hepatic dysfunction (CTP  ≥  7 and 
MELD ≥ 10) or when they experience their first 
major complication (ascites, variceal bleed or 
hepatic encephalopathy). Expedited referral for 
LT if a patient is diagnosed with type I hepatore-
nal syndrome [8] (Tables 7.3 and 7.4).

Table 7.3 The Child-Pugh score

Parameter
Score
1 2 3

Ascites None Controlled Refractory
Encephalopathy 
(grade)

None 1–2 (minimal) 3–4 
(coma)

Bilirubin 
(micromol/L)

<34 35–50 >51

Albumin (g/L) >35 28–35 <28
INR <1.7 1.8–2.3 >2.3

Table 7.4 Old UNOS system—classification of candidates [9]

Status Characteristics
Status 1 Fulminant liver failure with life expectancy <7 days:

 1. Fulminant hepatic failure as traditionally defined
 2. Primary graft nonfunction <7 days of transplantation
 3. Hepatic artery thrombosis <7 days of transplantation
 4. Acute decompensated Wilson’s disease

Status 2a Hospitalized in ICU for chronic liver failure with life expectancy <7 days, with a Child-Pugh score of 
≥10 and one of the following:
 1. Unresponsive active variceal haemorrhage
 2. Hepatorenal syndrome
 3. Refractory ascites/hepatic hydrothorax
 4. Stage 3 or 4 hepatic encephalopathy

Status 2B Requiring continuous medical care, with a Child-Pugh score of ≥10, or a Child-Pugh score ≥7 and one 
of the following:
 1. Unresponsive active variceal haemorrhage
 2. Hepatorenal syndrome
 3. Spontaneous bacterial peritonitis
 4. Refractory ascites/hepatic hydrothorax, or presence of hepatocellular carcinoma

Status 3 Requiring continuous medical care, with a child-Pugh score of ≥7, but not meeting criteria for Status 
2B

Status 7 Temporary inactive
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7.1.2.1  Viral Hepatitis
Chronic liver disease secondary to infection 
with hepatitis C virus (HCV) and hepatitis B 
virus (HBV) is the most common indication for 
liver transplantation in the West. Listing in 
HBV infections for Liver Transplantation is 
done for patients with hepatocellular carcinoma 
(HCC) and well compensated Liver function 
and decompensated liver function with or with-
out HCC [11]. Survival rates once decompensa-
tion (ascites, bleeding, hepatic encephalopathy, 
spontaneous bacterial peritonitis, hepatorenal 
syndrome) occurs falls to 50% at 5 years [12]. 
Chronic alcohol abuse accelerates the process. 
HCC develops at a rate of 3.4% per year in 
patients with HCV infection [13].

HBV infection acquired during birth or early 
life is a risk factor for developing cirrhosis and 
HCC.

7.1.2.2  Alcoholic Liver Disease
There is a reluctance for LT in alcoholic liver 
disease since patients themselves are responsible 
for their illness and are likely to resume alcohol 
after LT.

Severe alcoholic hepatitis which is nonrespon-
sive to medication (Lille score ≥0.45) has a sur-
vival rate of 30% at 6  months. Hence LT is 

indicated after careful assessment of patient’s 
addiction profile, though studies show recidivism 
up to 35% [14].

Alcoholic liver cirrhosis is one of the leading 
causes for end-stage liver disease and the most 
common indication for liver transplantation 
around the world. Broad consensus but though not 
a rule is for abstinence from alcohol for a duration 
of 6 months preceding LT, though there is a relapse 
in alcohol abuse even after 2 years of abstinence 
with geographical differences existing [15].

LT benefits most when a patient with alco-
holic cirrhosis with Child’s C status undergoes 
LT with a 5-year survival of 58% compared to 
35% in patients without LT [16]. It is much more 
liberal when an alcoholic recipient is receiving a 
graft from a related living donor and not from the 
pool of deceased donors.

7.1.2.3  Cholestatic Liver Disease
These are a heterogeneous disorder group which 
can progress to biliary cirrhosis and LT is the 
only definitive therapy for patients in whom con-
dition has progressed to end-stage liver disease.

Primary Sclerosing Cholangitis (PSC)
Primary Sclerosing Cholangitis is a rare disease 
with an estimated 10-year survival approximating 
65%. There is geographical variation in the num-
ber of LTs being done for PSC with highest done 
in Scandinavian and Nordic regions. The American 
Association for Study of Liver Disease recom-
mends against using disease- specific models for 
predicting outcomes in individual patients [17]. 
Two unique indications for LT in PSC apart from 
indications of chronic liver disease are cholangio-
carcinoma (CCA) and recurrent bacterial cholan-

MELD score equation = 9.57 × 
loge(creatinine) + 3.78 × Loge(total bilirubin) + 
11.2 × Loge(INR) + 6.43 [10].

The Child-Pugh score should be reassessed 
periodically since the patient’s clinical condition 
may improve or deteriorate with time (Table 7.5).

Table 7.5 Percentage of survival in cirrhotic liver 
disease

Child-
Pugh 
grade

Child-
Pugh 
score

1-Year 
survival 
(%)

5-Year 
survival 
(%)

10-Year 
survival 
(%)

A 5–6 84 44 27
B 7–9 62 20 10
C 10–15 42 21 0

 
UKELD = [5.395  INR] + [1.485  Creatinine(micromol/L)] +× ×   [3.13  Bilirubin(micromol/L)] 

 [81.565  Sodium (mmol/

×
− × LL)] + 435  
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gitis. About 25–50% of PSC patients waitlisted for 
LT may not have radiographic and/or histologic 
evidence of cirrhosis or complications of portal 
hypertension [18]. Patients with PSC may also 
develop longstanding cholestasis including weight 
loss, metabolic bone disease and refractory pruritis 
which resultantly lead to significant morbidity, 
which uniquely affects this group of patients [18].

 Inclusion Criteria for Liver Transplantation in PSC
• Intraluminal brush or biopsy showing evi-

dence of positive tumour cells or cells strongly 
suspicious for CCA, or

• Radiographically malignant appearing stric-
ture, and one of the following criteria:

 – Ca 19–9  >  100  U/mL in the absence of 
acute bacterial cholangitis

 – Polysomy on fluorescence in situ hybrid-
ization (FISH)

 – Well-defined mass on cross-sectional imaging

 Exclusion criteria for Liver Transplantation in PSC
• Evidence of extrahepatic disease or regional 

lymph node involvement
• Previous malignancy (excluding skin or cervi-

cal cancer) within the 5 years before a diagno-
sis of CCA

• Previous abdominal radiotherapy
• Uncontrolled infection before treatment
• A prior attempt at the surgical resection of the 

tumour leading to violation of the tumour plane
• Any medical condition precluding 

transplantation
• Any transperitoneal biopsy, including percutane-

ous and/or endoscopic ultrasound-guided FNA

 Primary Biliary Cirrhosis (PBC)
PBC is a disorder of unknown aetiology and believed 
to have a genetic susceptibility, with a female predom-
inance. PBC is characterized by fatigue and pruritis, 
which are common initial symptoms. Pathologically 
ductopenia is a characteristic feature of PBC. PBC is 
considered one of the best indicators for LT. EASL 
guideline suggests referral of patients to LT when 
serum bilirubin reaches 6 mg/dl, a Mayo risk score 
≥7.8 and/or MELD score of 12 or higher is calcu-
lated. Exceptions to these are when a patient concomi-

tantly has associated HCC, which develops in patients 
with cirrhosis (PBC 4–12% at 10 years) [19].

7.1.2.4  Malignancy
Hepatocellular Cancer (HCC)
Evolution of multidisciplinary approaches has 
resulted in a new era of Transplant Oncology, 
with the amalgamation of surgical oncology and 
transplant surgery. Substantial risk exists in 
patients with cirrhosis for development of hepato-
cellular malignancy which reaches up to 3% inci-
dence per year and carries a dismal prognosis. 
Mazzaferro et al. in 1996 laid down Milan criteria 
in their original study and found that patients 
meeting the criteria (patients with a single tumour 
≤5 cm in diameter, or no more than three tumours 
≤3  cm,) had 4-year overall and recurrence-free 
survival of 85 and 92 per cent respectively. The 
Milan criteria are presently well-accepted and 
recommended guidelines for LT in HCC [20].

A considerable subset of patients who were 
excluded from strict Milan criteria would have had 
a better prognosis with LT; hence several extended 
criteria have been reported with acceptable out-
comes. In acceptable outcomes such as Pittsburg 
criteria, University of California at San Francisco 
(UCSF) criteria and Up to 7 criteria (Table 7.6).

Downstaging of advanced HCC to reduce and 
comply within Milan or UCSF criteria with 
Transarterial Chemoembolization, Transarterial 
Radioembolization, and Radiofrequency ablation 
can achieve similar outcomes as those primarily 
fulfilling Milan/UCSF criteria.

Due to social and cultural practices existing in 
the East, there is a shortage of deceased donation 
and hence approximately 70% of LDLT recipi-
ents are from Asian countries, indirectly bearing 
advantages by reducing pre-transplantation wait-
ing time for patients with HCC, alleviating isch-
aemic reperfusion injury and providing an 
optimal donor graft for those with end-stage liver 
disease [21].

Cholangiocarcinoma
 Intrahepatic Cholangiocarcinoma
Intrahepatic cholangio carcinoma is currently not 
an accepted standard indication, but as part of clin-
ical trials with neoadjuvant chemotherapy and LT.

7 Indication and Contraindications for Liver Transplantation



100

Table 7.7 New Wilson Index for predicting mortality [26]

Score Bilirubin (μmol/L) INR AST (IU/L)
White cell count 
(109/L) Albumin (g/L)

0 0–100 0–1.29 0–100 0–6.7 >45
1 101–150 1.3–1.6 101–150 6.8–8.3 34–44
2 151–200 1.7–1.9 151–300 8.4–10.3 25–33
3 201–300 2.0–2.4 301–400 10.4–15.3 21–24
4 >301 >2.5 >401 >15.4 <20

Table 7.6 Extended criteria for transplant in patients with HCC [21]

UCSF Tumour ≤6.5 cm, or ≤3 nodules with the largest ≤4.5 cm and a total tumour ≤8 cm
Up-to-7 The sum of the tumour number and the size of the largest tumour no larger than 7 cm
Tokyo Tumours no larger than 5 cm and no more than 5 nodules
Kyoto Tumour ≤10 nodules, all ≤5 cm, and a serum DCP level ≤400 mAU/mL
Shanghai Tumour ≤9 cm, or ≤3 lesions with the largest ≤5 cm, tumour ≤9 cm without macrovascular and lymph 

node invasion and extrahepatic metastasis
ASAN Tumour ≤5 cm in diameter, ≤6 in nodule number, and free of gross vascular invasion

 Hilar Cholangiocarcinoma (H-CCA)
Surgical resection is the standard care with the pri-
mary goal of R0 resection, in the absence of meta-
static or locally advanced disease or PSC. Negative 
margins are obtained only in 60–80% of patients 
with long-term survival ranging from 20% to 40% 
at 5 years. Investigators from Mayo Clinic reported 
a 5-year survival of 82% after transplantation in 
selected patients including unresectable, solitary 
tumours, less than 3 cm in radial diameter, without 
evidence of lymph node metastases, and resectable 
disease in the setting of PSC [22].

 Metastatic Neuroendocrine Tumours
Though there are multeity of choices for managing 
patients with metastatic neuroendocrine tumours 
including somatostatin or radioactive metaiodo-
benzyl-guanidine therapy, surgical excision, radio-
frequency ablation among others, LT is primarily 
indicated in scenarios where (1) nonaccessible 
tumour for curative surgery or major tumour 
reduction, (2) tumours not responding to medical 
or interventional treatment and (3) tumours caus-
ing life-threatening hormonal symptoms [23].

7.1.2.5  LT in Metabolic Liver Disease
Wilson’s disease (WD) is due to mutations which 
encode copper-transporting ATPase, resulting in 
accumulation of copper in affected tissues. 
Presentation varies widely with key features being 
liver disease and cirrhosis, neuropsychiatric dis-

turbances and Kayser–Fleischer rings. The 
affected liver may present as acute or in chronic 
forms. Acute liver failure predominantly affects 
young females. Many patients may present with 
signs of chronic liver disease with decompensa-
tion. Neurological and psychiatric symptoms usu-
ally follow. Wilson’s disease is universally fatal if 
untreated. Since biochemical defect lies in the 
liver itself, orthotopic liver transplantation corrects 
the underlying problem. Patients with revised WD 
prognostic index (RWPI)/revised King’s College 
score for WD of >11 should be referred for LT in 
an acute setting. In chronic cases, LT is indicated 
as per MELD scores [24, 25] (Table 7.7).

7.1.2.6  Vascular Causes
Budd–Chiari syndrome (BCS) consists of a 
group of disorders characterized by hepatic 
venous outflow obstruction at the level of hepatic 
venules, large hepatic veins, inferior vena cava or 
right atrium. Characteristic features include 
abdominal pain, hepatomegaly and ascites. LT is 
indicated in likely situations of fulminant BCS, 
BCS with cirrhosis and failure of a portosystemic 
shunt. The five-year survival rate among patients 
with LT for BCS is as high as 95%. Complications 
after LT in BCS involve arterial and venous 
thrombosis and bleeding due to anticoagulation. 
However, multiple aetiologic factors may be 
present and therefore the recommendation is for 
long-term anticoagulation after LT [27].
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7.2  Liver Transplantation 
in Paediatric Patients

Most common indications for LT in the paediatric 
age group include (1) Extrahepatic biliary atresia, 
(2) Intrahepatic cholestasis: sclerosing cholangitis; 
Alagille’s syndrome; progressive familial intrahe-
patic cholestasis, (3) Metabolic diseases: Wilson’s 
disease; α1 antitrypsin deficiency; Crigler–Najjar 
syndrome, (4) Acute liver failure, (5) Others; pri-
mary liver tumour and cystic fibrosis.

Biliary Atresia Single most common cause of liver 
failure in infancy and childhood. Kasai procedure is 
successful in one-half of all patients if jaundice is 
fully relieved. Primary LT is routinely not indicated 
unless the patient has signs of severe liver damage 
like coagulopathy, hypoalbuminemia and ascites.

Progressive Familial Intrahepatic Cholestasis 
(PFIC) This is a chronic cholestasis syndrome 
which begins in infancy and usually progresses to 
cirrhosis within the first decade of life.

Liver Tumours in Children Hepatoblastoma is 
the most common liver tumour in children and 
when non-resectable, transplantation is the treat-
ment of choice [28, 29].

7.3 Contraindication

Contraindication, can be divided into relative and 
absolute [30] (Table 7.8).

Obesity Obesity Patients with BMI ≥ 40 (severe 
obesity) tend to have adverse outcomes post LT; 
hence it is a relative contraindication [31].

Age In the absence of significant comorbidities, 
the older recipient (>70 years) is not a contraindi-
cation for LT.

Portopulmonary hypertension (POPH) Mild 
and moderate POPH if controlled with medica-
tion are not contraindication for LT but severe 
POPH with pulmonary systolic arterial pressure 
≥60 mm of Hg is considered a contraindication 
for LT in most centres.

 Extrahepatic Malignancy Having an extrahepatic 
malignancy is a contraindication for liver transplan-
tation. Having a tumour-free period of 2–5 years is 
accepted in general as a requirement before 
LT. Benten et al. [32] in their series of 37 patients 
with a history of various solid tumours and myelo-
proliferative disease and who underwent OLT, the 
overall recurrence rate was 2.8%. Such series have 

Table 7.8 Contraindications for Liver Transplant

Absolute contraindications Relative contraindications
• Brain death
• Extrahepatic malignancy
• Active uncontrolled infection
• Active alcoholism and substance abuse
• AIDS
• Severe cardiopulmonary disease
• Uncontrolled sepsis
• Inability to comply with medical regimen
• Lack of psychosocial support
• Anatomic abnormalities precluding liver transplantation
• Compensated cirrhosis without complications (Child-
Turcotte-Pugh score, 5–6)

Advanced age
Cholangiocarcinoma
HIV infection
Portal vein thrombosis
Psychologic instability

7 Indication and Contraindications for Liver Transplantation



102

been published more often now questioning the past 
wisdom of absolute contraindication in patients with 
extrahepatic malignancy. In the coming times, extra-
hepatic malignancy may not be an absolute contrain-
dication when an appropriate selection of such 
patients is done and subjected to OLT.

 Active Uncontrolled Infection Any sort of 
ongoing active infection in the body is an abso-
lute contraindication for LT.  LT may proceed 
after adequate control of infection.

 HIV Infection HIV infection per se is not a con-
traindication for LT, in the era of highly active 
antiretroviral treatment (HAART). Though it 
requires well- coordinated team management by 
the transplant and HIV teams [8].

 Anatomical Causes LT requires a viable mes-
enteric venous circulation; portal vein thrombo-
sis is no more a contraindication. Portal vein 
thrombosis may be addressed with either throm-
bectomy or jump grafts.

Active Alcohol and Substance Abuse Ongoing 
alcohol or substance abuse is an absolute con-
traindication for LT. Existing shortage of organs 
and potentially harmful effects of alcohol 
relapse posttransplant necessitate providing LT 
only for deserving candidates. One of the risk 
factors for relapse is the shorter duration of pre-
transplant abstinence, hence the recommenda-
tion of 6  months minimum abstinence before 
LT.

Inability to Comply with Medical Regimen 
and Lack of Psychosocial Support Post LT 
complying with regular follow-up and investiga-
tions are mandatory for long-term survival of the 
graft and patient. Patients need psychosocial 
support for this lifelong compliance within the 
recommended lifestyle changes and adherence 
to the same [33].

7.4  Contraindications for Live 
Liver Donors as per OPTN 
(Organ Procurement 
and Transplantation Policy) 
[34]

Age less than 18  years with a lack of mental 
capacity for informed decision-making

HIV infection, unless the requirements for a 
variance are met

Active malignancy
High suspicion of donor coercion
High suspicion of illegal financial exchange 

between the donor and recipient
Evidence of acute symptomatic infection
Active mental illness requiring treatment 

before donation, including any evidence of 
suicidality

HCV RNA positivity
HBsAg positivity
Donors with ZZ, Z-null, null-null, and S-null 

alpha-1-antitrypsin phenotypes
Expected donor remnant volume less than 30 

per cent of native liver volume
Prior living liver donation
In India, only a related donor will be consid-

ered for donation.

7.5  Summary

Organ availability is scarce and rationing the 
resource to suitable and eligible candidates is of 
prime importance. Patients should meet the rec-
ommended minimum criteria for LT and not have 
any of the absolute contraindications. The recom-
mendations and guidelines are dynamic and with 
gradually increasing indications and declining 
contraindications. The King’s College Hospital 
criteria are used globally for assessing the need 
for LT in acute Fulminant Liver failure. MELD 
and CTP score are used for non-malignant aetiol-
ogy of cirrhosis for LT.  The Milan criteria are 
presently used for eligibility in HCC patients.
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8Disease Severity Scoring System 
in Chronic Liver Disease

Neeraj Saraf and Swapnil Dhampalwar

8.1  Introduction

Cirrhosis is the result of the progression of a 
chronic necro-inflammatory liver disease leading 
to fibrosis and vascular remodelling leading to 
development of portal hypertension. When estab-
lished, cirrhosis remains compensated for a vari-
ably long time.

The earliest consequence of cirrhosis is a pro-
gressive increase in portal pressure up to the 
Clinically Significant Portal Hypertension 
(CSPH) threshold of ≥10 mmHg. Bleeding, asci-
tes, encephalopathy and jaundice indicate decom-
pensated cirrhosis. Renal function impairment, 
refractory ascites, infections and circulatory dys-
function indicate more advanced decompensa-
tion and are associated with very poor survival.

Acute-on-chronic liver failure (ACLF) may 
occur either in decompensated or in compensated 

cirrhosis and is associated with a high short-term 
(28-day) mortality. Systemic inflammatory 
response to several critical events is the most 
important mechanism activating ACLF.

8.2  Clinical States in Cirrhosis

A patient with cirrhosis may have different clini-
cal morbidities with significantly different out-
comes in the course of disease. A comprehensive 
multistate model for the clinical course of cir-
rhosis as proposed by D’Amico et  al. [1] has 
been shown in Fig.  8.1. These clinical states 
enable the classification of patients according to 
increasing mortality risk. However, there is no 
predictable sequence of such clinical states and 
that they may not be considered as progressive 
disease stages.
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Compensated

DEATH

State 0: No varices, Mild PH
LSM >15 and <20

or HVPG >5 and <10 mmHg

State 3:
Bleeding

Decompensated

State 2:
Varices (= CSPH)

State 5:
Second decompensating event

State 1: No varices, CSPH
LSM ≥20 or HVPG ≥10 mmHg

State 4:
First non-bleeding
decompensation

End state

State 6: Late decompensation:
refractory ascites, persistent HE,

infections, organ dysfunctions

ACLF

Fig. 8.1 Comprehen-
sive multistate model of 
natural history of 
cirrhosis adapted from 
D’Amico et al. [1]

8.3  Different Scoring Systems 
in Cirrhosis

8.3.1  CTP Score

The Child-Pugh scoring system [also known as 
the Child-Turcotte-Pugh (CTP) score] was 
designed to predict mortality in patients with cir-
rhosis. It was originally conceptualised by Child 
and Turcotte [2] in 1964 to guide the selection of 
patients who would benefit from elective surgery 
for portal decompression. Their original scoring 
system used 5 clinical and laboratory criteria to 
categorise patients: serum bilirubin, serum albu-
min, ascites, neurological disorder and clinical 
nutrition status.

The scoring system was modified later by 
Pugh et al. [3] substituting prothrombin time for 
clinical nutrition status (Table 8.1). CTP score is 
obtained by adding the score for each parameter. 
CTP class A  =  5–6 points, B  =  7–9 points, 
C = 10–15 points.

However, there are limitations to the use of 
CTP score. It has subjective assessment of ascites 
and encephalopathy; it does not account for renal 

function (creatinine and sodium) and has only ten 
different scores (based on points) available.

8.3.2  Modified CTP Score

In 2006, Huo et al. [4] proposed modified CTP 
(mCTP) score. It was obtained by assigning an 
additional point in patients whose serum biliru-
bin was >8 mg/dL, prothrombin time prolonga-
tion >11 s or albumin <2.3 g/dL; accordingly, a 
mCTP score of 16–18 was defined as mCTP class 
D, which identified severely decompensated 
cirrhosis.

8.3.3  MELD Score and Its 
Modifications

The Model for End-Stage Liver Disease (MELD) 
score was first described in 2000 to predict 
3-month survival rates in patients with chronic 
liver disease undergoing transjugular intrahepatic 
portosystemic shunt [5]. At present, MELD is 
widely used for organ allocation.
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Table 8.1 Child-Turcotte-Pugh score

Points
1 2 3

Encephalopathy None Grade 1–2
(or precipitant-induced)

Grade 3–4
(or chronic)

Ascites None Mild/moderate
(diuretic-responsive)

Severe (diuretic-refractory)

Bilirubin (mg/dL) <2 2–3 >3
Albumin (g/dL) >3.5 2.8–3.5 <2.8
PT (sec prolonged) or INR <4

<1.7
4–6
1.7–2.3

>6
>2.3

Table 8.2 MELD score and its modifications

MELD (3.78 × loge (bilirubin)) + (11.2 × loge 
(INR)) + (9.57 × loge (creatinine)) + 
6.43

iMELD MELD + (age × 0.3) − (0.7 × Na) + 100
MELD Na MELD + 

1.32 × (137- 
Na) − [0.033 × MELD × (137-Na)]

MELD 
sarcopenia

MELD + 10.35 × sarcopenia

MELD 
L3-SMI

MELD − 0.3065 × L3 SMI

Table 8.3 MELD score and probability of mortality

MELD score Mortality probability
40 71.3% mortality
30–39 52.6% mortality
20–29 19.6% mortality
10–19 6.0% mortality
9 or less 1.9% mortality

MELD score (Table  8.2) is calculated using 
the patient’s bilirubin level, creatinine level and 
INR.  Lower limit of Serum Sodium (Na) is 
capped at 125, and upper limit is capped at 137. 
Upper limit of serum creatinine is capped at 4; in 
addition, if the patient had dialysis at least twice 
in the past week, the value for serum creatinine 
will be automatically adjusted to 4. The maxi-
mum MELD score is 40. Three-month survival 
rates as per MELD score have been shown in 
Table 8.3.

MELD also has some limitations. MELD ben-
efits patients with cholestasis or renal failure and 
is not directly influenced by other complications 
of cirrhosis associated with poor survival (such 
as persistent ascites and hyponatremia). For this 
reason, many recent studies have evaluated the 
effect of incorporating other variables into the 
model, such as serum sodium and age (Table 8.2) 
to give other variables such as integrated MELD 
[6] and MELD sodium [7].

Loss of skeletal muscle mass, i.e. sarcopenia, 
is associated with higher mortality independent 
of MELD score in cirrhotic patients on waiting 
list. There are two modifications of MELD con-
sidering muscle mass with two different vari-
ables. Addition of sarcopenia (a dichotomous 
variable) to MELD; MELD-sarcopenia model [8] 
has shown to improve predictive value at 1 year 
in patients with MELD score < 15, who are tradi-
tionally deemed to have a low risk of death. The 
addition of L3 Skeletal Muscle Index (as a con-
tinuous variable) to MELD; MELD-L3 SMI [9] 
yielded inferior performance compared with 
MELD-sarcopenia. This is probably because sar-
copenia as a dichotomous variable is corrected to 
gender and height and has more statistical 
strength.

8.3.4  Alcoholic Liver Disease

Alcoholic hepatitis (AH) is caused by acute 
inflammation of the liver in patients that consume 
excessive amounts of alcohol, usually in a back-
ground of cirrhosis. AH can range from mild to 
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severe, life-threatening disease with a high short- 
term mortality. Different prognostic models have 
been used to stratify severity and estimate mor-
tality in order to identify those that may benefit 
from corticosteroids (Table 8.4).

Maddrey et  al. [10] in 1978 first yielded the 
Discriminant Function, later modified DF [11], 
based on prothrombin time (PT) and serum bili-
rubin that identified patients with a significant 
risk for early mortality. Those patients with mDF 
>32 were considered to have severe AH. Patients 
with an elevated mDF and/or with encephalopa-
thy that received corticosteroid therapy showed a 
28-day mortality of 6% in the treatment group 
compared to 35% in the placebo group.

Dunn et al. [12] showed that MELD score of 
21 was the only independent predictor of mortal-
ity in patients with AH. Forrest et al. [13] used 5 
variables including age, blood urea, peripheral 
blood leukocyte count, serum bilirubin and INR 
PT, expressed as a ratio of the control value to 
develop a new prognostic scoring system, 
Glasgow alcoholic hepatitis score (GAHS), for 
AH. Values obtained ranged from 5 to 12, sepa-
rated into those with value <9 or ≥9 points. 
Corticosteroids therapy was associated with bet-
ter survival in those with GAHS ≥9 compared to 
no treatment.

Dominguez et  al. [14] advised a predictive 
score from multivariate analysis of variables 

Table 8.4 Severity scores in alcoholic hepatitis

Scoring 
system Formula

Severe 
disease

mDF 4.6 (patient’s PT in seconds − control PT in seconds) + total bilirubin (mg/dL) ≥32
MELD See Table 8.2 ≥21
GAHS Points 1 2 3 ≥9

Age <50 ≥50 –

WBC (109/l) <15 ≥15 –

Urea (mg/dl) <14 ≥14 –

INR <1.5 1.5–
2.0

>2.0

Bilirubin (mg/dl) <7.3 7.3–
14.6

>14.6

Lille 
score

3.19–0.101 × (age in years) + 0.147 × (albumin day 0 in g/L) + 0.0165 × (evolution in 
bilirubin level in μM) − (0.206 × renal insufficiency) − 0.0065 × (bilirubin day 0 in 
μM) − 0.0096 × (INR or prothrombin time in seconds)

≥0.45

ABIC 
score

(age × 0.1) + (serum bilirubin × 0.08) + (serum creatinine × 0.3) + (INR × 0.8) >9.0

AHHS Histopathology Points
Stage of fibrosis Mild (0–3)

Moderate 
(4–5)
Severe 
(6–9)

No fibrosis or portal fibrosis 0
Expansive fibrosis 0
Bridging fibrosis or cirrhosis 3
Bilirubinostasis
No 0
Hepatocellular only 0
Canalicular or ductular 1
Canalicular or ductular plus hepatocellular 2
PMN infiltration
No/Mild 2
Severe 0
Megamitochondria
No megamitochondria 2
Megamitochondria 0
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identified during admission, the ABIC score. 
Using a cut-off value of 6.71 and 9, the score 
identified patients with AH that have a low (100% 
survival), intermediate (70% survival), and high 
risk (25% survival) of death at 90 days.

Louvet et  al. [15] generated a prognostic 
model, the Lille model, to identify “non- 
responders” to corticosteroid therapy in patients 
with severe AH. The model combined six objec-
tive variables (age, renal insufficiency, albumin, 
PT, bilirubin and evolution of bilirubin at day 7) 
which were highly predictive of death at 6 months 
in patients treated with corticosteroids 
(p < 0.000001). A cut-off value of 0.45 was deter-
mined to be the best identifier of patients at high 
risk of death. Patients receiving corticosteroids 
after 7 days with a score ≥ 0.45 may be futile and 
alternative treatments should be considered.

Altamirano et al. [16] developed a histologic 
scoring system based on liver biopsy findings to 
predict short-term (90-day) mortality in AH 
patients. AHHS cut-off score categorised patients 
as low 0–3 (97% survival), intermediate 4–5 
(81% survival), and high risk 6–9 (49% survival) 

of death. When combing the AHHS with analyti-
cal scoring systems, the AHHS was able to refine 
the prognostic stratification of those with a 
MELD score <21 (low risk group) with different 
90-day survival using a cut-off of 5 points (94% 
vs. 72%; p = 0.001).

Louvet et  al. [17] evaluated the prognostic 
value of combining static models for AH, such as 
mDF, MELD score and ABIC score with dynamic 
models, such as the Lille score. This joint effect 
model was able to predict survival after 2 and 
6 months significantly better than either the static 
or dynamic models alone (p < 0.01). The MELD + 
Lille combination model predicted survival better 
than the mDF + Lille or ABIC + Lille models.

8.3.5  Primary Biliary Cirrhosis

The Mayo risk score (MRS) was first described 
by Dickson et al. [18] and includes five variables 
which predict survival in PBC without transplan-
tation. The prognostic index is calculated using 
the following equation:

 
0.871 bilirubin in mg dL 2.53 albumin in g dL 0.0e e× − × ( ) +log ( / log / 339 age years

2.38 prothrombin time in seconds 0.85e

× ( )
+ × ( ) +log 99edema∗

 

*0 = no oedema, no diuretic therapy; 0.5 = oedema, 
no diuretic therapy or no oedema, diuretic ther-
apy; 1 = oedema and diuretic therapy.

A MRS of 7.8 was identified as optimal for 
liver transplantation.

8.3.6  Primary Sclerosing 
Cholangitis

Mayo PSC Risk Score was described by Kim 
et  al. [19] based on Natural history survival 
model. The prognostic index R is calculated 
using the following equitation:

 
0.03 agein years 0.54 total bilirubin in mg dL 0.84e×( ) + × ( ) −log / ××( )
+ × ( ) + ×

serum albumin in g dL

0.54 ASTin IU L 1.24 points e

/

log / ffor variceal bleeding( )  
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If Mayo Risk Score (R) is greater than 2, 
patient is in the “high” risk group.

8.4  Acute on Chronic Liver 
Failure

Acute on Chronic Liver Failure (ACLF) is a syn-
drome characterised by acute hepatic insult in 
patients with underlying chronic liver disease lead-
ing to organ failures and high short-term mortality. 
The syndrome is varyingly defined by different 
working groups given its inherent heterogeneity 
and dynamicity. Two important definitions of 
ACLF which differ between Eastern (Asian Pacific 
Association for the Study of the Liver [APASL]–
ACLF Research Consortium, AARC [20]) and 
Western countries (European Association for the 
Study of the Liver [EASL]–Chronic Liver Failure 
Consortium, CLIF-C [21]) are discussed here.

8.4.1  APASL AARC Definition

As per APASL [20], ACLF is defined as an acute 
hepatic insult manifesting as jaundice (serum 
bilirubin level of ≥5  mg/dL) and coagulopathy 
(INR of ≥1.5 or prothrombin activity of <40%), 
complicated within 4  weeks by ascites and/or 

encephalopathy in patients with previously diag-
nosed or undiagnosed chronic liver disease 
(including cirrhosis) and is associated with high 
28-day mortality.

Definitions of organ failures as per these two 
consortia are summarised in Table  8.5 [22]. 
APASL analyses severity of disease by liver 
failure- based variables, namely serum bilirubin, 
INR, serum lactate, serum creatinine and grade 
of encephalopathy. The AARC ACLF score is 
calculated based on these variables (range 5 to 
15) and liver failure is graded into 3 grades 
(Table  8.6). These grades show a potentially 
recoverable group (Grade I), a group that needs 
special monitoring (Grade II) and a group that 
demands immediate interventions for improved 
outcome (Grade III) [23].

The AARC score can be calculated at bedside. 
It is dynamic in nature. It can predict 28-day sur-
vival at presentation (score of ≤9) and at day 7 
(score of ≤9). For a score of ≥10, with each unit 
increase, mortality increases sharply compared 
with those <10 at initial presentation (20 vs. 4%). 
A shift from Grade I to Grade III liver failure at 
day 4 and 7 increases mortality. Persistence of 
Grade I or II until 7 days predicted improved sur-
vival, whereas persistence in Grade III failure 
carries grave prognosis and warrants early con-
sideration for transplantation.

Table 8.5 Definitions of organ failures (OFs) as per different consortia

Failing organ APASL definition EASL-CLIF definition
Liver Total bilirubin ≥5 mg/dL and INR 

≥1.5
Bilirubin level of >12 mg/dL

Kidney Acute Kidney Injury Network criteria Creatinine level of ≥2.0 mg/dL or 
renal replacement

Brain Hepatic encephalopathy grade III-IV 
(West Haven)

Hepatic encephalopathy grade III-IV 
(West Haven)

Coagulation INR ≥1.5 INR ≥2.5
OR
Platelet <20,000

Circulation – Use of vasopressor (terlipressin and/or 
catecholamines)

Respiration – PaO2/FiO2 of ≤200
OR
SpO2/FiO2 of ≤214
OR
Need for mechanical ventilation

N. Saraf and S. Dhampalwar
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Table 8.6 AARC score and ACLF grade

AARC score ACLF grade

Points
Total bilirubin (mg/
dL)

HE 
grade

PT-INR Lactate 
(mmol/L)

Creatinine (mg/
dL)

Grade Score 28-day 
mortality

1 <15 0 <1.8 <1.5 <0.7 I 5–7 12.7%
2 15–25 I–II 1.8–

2.5
1.5–2.5 0.7–1.5 II 8–10 44.5%

3 >25 III–IV >2.5 >2.5 >1.5 III 11–
15

85.9%

8.4.2  EASL CLIF-C Definition

As per EASL-CLIF Consortium [21], ACLF is 
defined as acute decompensation (AD) of cir-
rhosis associated with Organ Failure (OF) and 
high short-term mortality (28-day mortality 
≥15%).

Definitions of organ failures are based on 
CLIF-Sequential Organ Failure Assessment 
(CLIF-SOFA) score [24] (modified SOFA score 
used in critically ill patients) which was later 
simplified to CLIF Consortium Organ Failure 
score (CLIF-C OFs) as shown in Table 8.7.

Since presence of mild renal or brain dysfunc-
tion in the presence of another organ failure is 
associated with a significant short-term mortality, 

these two organs received special attention. 
Classification and grades of ACLF as per EASL 
CLIF Consortium are summarised in Table 8.8. 
Data from the CANONIC study showed overall 
28-day mortality of 33% of all cases of ACLF, 
and specific 28-day mortality rates in patients 
with ACLF grade 1, 2 and 3 were 22%, 32% and 
73%, respectively [21].

Whenever a patient with cirrhosis with acute 
decompensation is admitted, CLIF-C OF score 
should be calculated. This score will divide patients 
according to the presence or absence of ACLF.  If 
patient has ACLF, CLIF-C AD score [25] is calcu-
lated. If ACLF is absent, CLIF-C ACLF score [26] is 
calculated. These scores predict mortality in patients 
with ACLF and without ACLF, respectively.
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Table 8.7 CLIF Consortium Organ Failure score: simplified version

Organ/system Variable Score = 1 Score = 2 Score = 3
Liver Bilirubin (mg/dL) <6 6 to ≤12 >12

Kidney Creatinine (mg/dL) <2 2 to <3.5 ≥3.5 or RRT
Brain Encephalopathy grade

(West-Haven)
0 I–II III–IV

Coagulation INR <2 2 to <2.5 ≥2.5
Circulation MAP (mm Hg) ≥70 <70 Vasopressors

Respiratory PaO2/FiO2 or SpO2/FiO2 >300
>357

≤300 and >200
>214 and ≤357

≤200
≤214

Table 8.8 Classification and grades of ACLF

Grades 
of ACLF Clinical characteristics

28-day 
mortality

90-day 
mortality

No 
ACLF

No organ failure, OR
Single non-kidney 
organ failure, 
creatinine <1.5 mg/
dL, no HE, OR
Single cerebral 
failure, creatinine 
<1.5

4.7% 14%

ACLF 
Ia

Single renal failure 22.1% 40.7%

ACLF 
Ib

Single non-kidney 
organ failure, 
creatinine 1.5–1.9 mg/
dL and/or HE grade 
1–2, OR
Single cerebral 
failure, creatinine 
1.5–1.9

ACLF 
II

Two organ failures 32% 52.3%

ACLF 
III

Three or more organ 
failures

76.7% 79.1%

8.4.3  CLIF-C AD Score

 10
0.03 Age 0.66 Creatinine 1.71

INR 0.88

e

e e

×
× + × ( ) +

× ( ) + ×

log

log log WWBC 0.05 Sodium 8( ) × +











 

Although ACLF grade at diagnosis correlates 
with prognosis, clinical course of the syndrome 
during hospitalisation is the most important 
determinant of short-term mortality. Majority of 
patients achieve their final grade of ACLF within 
the first week; therefore, the assessment of ACLF 
grade at days 3–7 after diagnosis predicted 
28-day and 90-day mortality more accurately 
than ACLF grade at diagnosis.

8.4.4  CLIF-C ACLF Score

 
10

0.033 CLIFOFs 0.04

Age 0.63 WBC 2e

×
× +

× + × ( )








log  

The final score ranges from 0 to100. CLIF-C 
ACLF score showed a significantly higher accu-
racy for predicting mortality than MELD, 
MELD-Na and Child-Pugh-Turcotte score at all 
main time points after ACLF diagnosis (28, 90, 
180 and 365 days) with 7–11% improvement in 
the discrimination ability. Presence of ≥4 organ 
failures and CLIF-C ACLF >64 at day 7 have 
been shown to predict poor survival and futility 
of liver transplantation.

8.5  Conclusion

The clinical spectrum of cirrhosis encompasses 
several clinical states. The progression across 
such states does not occur through a predictable 
sequence, because of the variable interplay 
between pathophysiological mechanisms. 
Therefore, a multistate, multi-model approach 
provides a more realistic description of the dis-
ease course. These models should be considered 
for when planning clinical research either of 
prognosis or of treatment efficacy in cirrhosis.

References

1. D’Amico G, Morabito A, D’Amico M, Pasta L, 
Malizia G, Rebora P, et al. Clinical states of cirrhosis 
and competing risks. J Hepatol. 2018;68(3):563–76.

2. Child CG, Turcotte JG. Surgery and portal hyperten-
sion. Major Probl Clin Surg. 1964;1:1–85.

N. Saraf and S. Dhampalwar



113

3. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, 
Williams R. Transection of the oesophagus for bleed-
ing oesophageal varices. Br J Surg. 1973;60(8):646–9.

4. Huo TI, Lin HC, Wu JC, Lee FY, Hou MC, Lee PC, 
et  al. Proposal of a modified Child-Turcotte-Pugh 
scoring system and comparison with the model for 
end-stage liver disease for outcome prediction in 
patients with cirrhosis. Liver Transpl. 2006;12:65–71.

5. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, 
Rank J, ter Borg PC. A model to predict poor survival 
in patients undergoing transjugular intrahepatic por-
tosystemic shunts. Hepatology. 2000;31(4):864–71.

6. Luca A, Angermayr B, Bertolini G, Koenig F, Vizzini 
G, Ploner M, et  al. An integrated MELD model 
including serum sodium and age improves the predic-
tion of early mortality in patients with cirrhosis. Liver 
Transpl. 2007;13:1174–80.

7. Kim WR, Biggins SW, Kremers W, Wiesner R, 
Kamath PS, Benson JT, et al. Hyponatremia and mor-
tality among patients on the liver-transplant waiting 
list. N Engl J Med. 2008;359:1018–26.

8. van Vugt J, Laurens A, et al. A model including sarco-
penia surpasses the MELD score in predicting waiting 
list mortality in cirrhotic liver transplant candidates: 
a competing risk analysis in a national cohort. J 
Hepatol. 2018;68(4):707–14.

9. Montano-Loza AJ, Duarte-Rojo A, Meza-Junco J, 
Baracos VE, Sawyer MB, Pang JX, et  al. Inclusion 
of sarcopenia within MELD (MELD-sarcopenia) and 
the prediction of mortality in patients with cirrhosis. 
Clin Transl Gastroenterol. 2015;16(6):e102.

10. Maddrey WC, Boitnott JK, Bedine MS, Weber FL, 
Mezey E, White RI.  Corticosteroid therapy of alco-
holic hepatitis. Gastroenterology. 1978;75(2):193–9.

11. Carithers RL, Herlong HF, Diehl AM, Shaw EW, 
Combes B, Fallon HJ, et  al. Methylprednisolone 
therapy in patients with severe alcoholic hepatitis. 
A randomized multicenter trial. Ann Intern Med. 
1989;110(9):685–90.

12. Dunn W, Jamil LH, Brown LS, Wiesner RH, Kim WR, 
Menon KV, et al. MELD accurately predicts mortal-
ity in patients with alcoholic hepatitis. Hepatology. 
2005;41(2):353–8.

13. Forrest EH, Evans CD, Stewart S, Phillips M, Oo YH, 
McAvoy NC, et al. Analysis of factors predictive of 
mortality in alcoholic hepatitis and derivation and val-
idation of the Glasgow alcoholic hepatitis score. Gut. 
2005;54(8):1174–9.

14. Dominguez M, Rincón D, Abraldes JG, Miquel R, 
Colmenero J, Bellot P, et  al. A new scoring system 
for prognostic stratification of patients with alcoholic 
hepatitis. Am J Gastroenterol. 2008;103(11):2747–56.

15. Louvet A, Naveau S, Abdelnour M, Ramond MJ, 
Diaz E, Fartoux L, et al. The Lille model: a new tool 
for therapeutic strategy in patients with severe alco-
holic hepatitis treated with steroids. Hepatology. 
2007;45(6):1348–54.

16. Altamirano J, Miquel R, Katoonizadeh A, Abraldes 
JG, Duarte-Rojo A, Louvet A, et al. A histologic scor-
ing system for prognosis of patients with alcoholic 
hepatitis. Gastroenterology. 2014;146(5):1231–9.

17. Louvet A, Labreuche J, Artru F, Boursier J, Kim 
DJ, O'Grady J, et al. Combining data from liver dis-
ease scoring systems better predicts outcomes of 
patients with alcoholic hepatitis. Gastroenterology. 
2015;149(2):398–406.

18. Dickson ER, Grambsch PM, Fleming TR, Fisher LD, 
Langworthy A. Prognosis in primary biliary cirrhosis: 
model for decision making. Hepatology. 1989;10:1–7.

19. Kim WR, Therneau TM, Wiesner RH, Poterucha JJ, 
Benson JT, Malinchoc M, et al. A revised natural his-
tory model for primary sclerosing cholangitis. Mayo 
Clin Proc. 2000;75:688–94.

20. Sarin SK, Kedarisetty CK, Abbas Z, et al. Acute-on- 
chronic liver failure: consensus recommendations 
of the Asian Pacific Association for the Study of the 
Liver (APASL) 2014. Hepatol Int. 2014;8:453–71.

21. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic 
liver failure is a distinct syndrome that develops in 
patients with acute decompensation of cirrhosis. 
Gastroenterology. 2013;144:1426–37.

22. Hernaez R, Solà E, Moreau R, Ginès P.  Acute-on- 
chronic liver failure: an update. Gut. 2017;66:541–53.

23. Choudhury A, Jindal A, Maiwall R, Sharma MK, 
Sharma BC, Pamecha V, et  al. Liver failure deter-
mines the outcome in patients of acute-on chronic 
liver failure (ACLF): comparison of APASL ACLF 
research consortium (AARC) and CLIF-SOFA mod-
els. Hepatol Int. 2017;11(5):461–71.

24. Jalan R, Saliba F, Pavesi M, et al. Development and 
validation of a prognostic score to predict mortality in 
patients with acute-on-chronic liver failure. J Hepatol. 
2014;61:1038–47.

25. Jalan R, Pavesi M, Saliba F, Amoros A, Fernandez J, 
Holland-Fischer P, et al. The CLIF consortium acute 
decompensation score (CLIF-C ADs) for prognosis 
of hospitalised cirrhotic patients without acute-on- 
chronic liver failure. J Hepatol. 2015;62:831–40.

26. Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, 
Gines P, et al. Development and validation of a prog-
nostic score to predict mortality in patients with acute- 
on- chronic liver failure. J Hepatol. 2014;61:1038–47.

8 Disease Severity Scoring System in Chronic Liver Disease



115

9Preoperative Assessment 
and Optimization of Liver 
Transplant Patient: Ascites 
and Hydrothorax

Archna Koul and Jayashree Sood

9.1  Introduction

The word “ascites” is derived from the Greek 
Word “askos” meaning a “leather bag for carrying 
wine, water or oil” [1] and in the context of liver 
disease it refers to abnormal accumulation of fluid 
in the peritoneal cavity. It is the most common 
complication of cirrhosis followed by hepatic 
encephalopathy and variceal bleeding [2].

The onset of ascites is associated with a poor 
prognosis as it heralds the progression of the nat-
ural history of cirrhosis from an asymptomatic to 
a decompensated stage.

About 50% of patients with compensated dis-
ease develop ascites during an observation period 
of 10 years [2, 3].
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Decompensated phase
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• Acute kidney injury (AKI)
• Hepatorenal syndrome (HRS)
• Hepatopulmonary syndrome (HPS)
• Portopulmonary syndrome (POPH)
• Cirrhotic cardiomyopathy (CCM)
• Spontaneous bacterial peritonitis (SBP)
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Liver transplantation is the ultimate treatment 
option in these patients, but it should be contemplated 
before the occurrence of renal dysfunction [2].

9.2  Pathophysiology of Ascites 
in Cirrhosis [4, 5]

Cirrhosis Liver Injury 

Portal hypertension Hepatic encephalopathy 

↑ hydrostatic pressure in
hepatic sinusoids and ↑
splanchnic capillary pressure

Bacterial translocation
leading to release of PAMPs

Damaged cells
release of DAMP molecules

Transudation into
peritoneal cavity 

Ascites

Act as vasodilators or
proinflammatory molecules

Splanchnic arteriolar vasodilatation
and CVS dysfunction 

Effective hypovolemia,
Decreased arterial BP

Stimulation of RAS, SNS and ADH 

Salt and Water
Retention 

Renal vasoconstriction 

HRS
 

PAMP Pathogen-Associated Molecular Pattern 
(proinflammatory cytokines and 
chemokines).

DAMP Damage-Associated Molecular Patterns.

RAS Renin Angiotensin System.
SNS Sympathetic Nervous System.
ADH Antidiuretic hormone.
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9.3  Standard Diagnostic Steps

These are followed in all patients who present 
with ascites

• History.
• Physical examination.
• Blood tests.
• Abdominal ultrasound.
• Paracentesis (diagnostic).
• Ascitic fluid analysis.

9.3.1  History

Although present in 85% [6] of all liver disease 
patients cirrhosis is the commonest cause of asci-
tes, and other nonhepatic causes of ascites should 
also be ruled out by taking history from the 
patients. History of alcohol consumption, blood 
transfusion, hepatitis in the past, drug abuse, 
dietary indiscretion, or fever should be taken to 
ascertain the cause of cirrhosis.

9.3.2  Physical Examination

On visual inspection, bulging flanks can be 
detected. Flank dullness is the most sensitive 
physical sign present in 90% of the patients with 
ascites [7]. Shifting dullness becomes evident 
when there is at least 1500 mL of ascitic fluid col-
lection; it is a more specific, but less sensitive, 
physical sign. Other signs of cirrhosis like palmar 
erythema, spider naevi, and jaundice can also be 
looked for.

9.3.3  Laboratory Assessment

In the meantime, laboratory assessment should 
be carried out by sending blood samples for liver 
function tests, complete blood count, renal func-
tion tests, coagulation profile, electrolytes, and 
viral serology.

9.3.4  Abdominal Ultrasound

The findings of history and physical examination 
should be confirmed by an abdominal ultrasound. 
The imaging confirms the presence as well as the 
quantity of ascitic fluid. Even small amount of 
ascitic fluid (as little as 100 mL) can be detected.

9.3.5  Diagnostic Paracentesis

Diagnostic paracentesis should be carried out in all 
patients presenting with ascites for the first time and 
also whenever there is clinical deterioration in a cir-
rhotic patient with known ascites. Paracentesis is a 
safe procedure with a very low risk of serious com-
plications. There is no need for patient to be empty 
stomach before the procedure. Blood or blood prod-
ucts are not required for paracentesis [8]. It should 
however be avoided when DIC or hyperfibrinolysis 
is documented. Inferior epigastric artery and any 
visible collateral in the abdominal wall should be 
avoided during puncture of peritoneum. Care should 
be taken not to puncture an enlarged liver or spleen. 
The preferred sites for paracentesis are either mid-
line caudal to umbilicus or either of lower quad-
rants. The left lower quadrant is the preferred site, as 
the abdominal wall is thin here and it is easy to 
locate the ascitic fluid in this quadrant.

9.3.6  Analysis of Ascitic Fluid 
in a Cirrhotic Patient

Ascitic fluid is sent for analysis of

 1. Neutrophil count
WBC count of more than 500 cell/mm3 and 

neutrophil count of more than 250  cell/mm3 
indicate SBP.

 2. Total protein concentration
The cirrhotic ascitic fluid is a transudate, 

so has a total protein concentration of less 
than 1.5  g/dL.  Low protein indicates a high 
risk of SBP.
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Total protein of more than 2.5 g/dL is more 
in favor of cardiac causes, malignancy, or 
tuberculosis.

 3. Albumin concentration and serum ascites 
albumin gradient (SAAG):

SAAG of >1.1  g/L indicates portal 
hypotension.

SAAG of >1.1  g/L with portal hyperten-
sion has an accuracy of 97% for detection of 
cirrhosis [9].

A SAAG of less than 1.1 is indicative of 
tuberculous or malignant ascites.

 4. Cytology to differentiate malignant and non 
malignant causes of ascites.

Other optional tests are

• Gram stain and culture.
• AFB smear and culture.
• Glucose estimation.
• Amylase levels.
• LDH levels.

SAAG >1.1g/dl

Ascites 

SAAG < 1.1g/dl

Ascitic protein
< 2.5g/dl

Malignancy 

TB 

Nephrotic Syndrome

Pancreatitis 

Ascitic protein
> 2.5g/dl 

Cardiac cause
Early Budd Chiari syndrome
Sinusoidal obstruction

Late Budd Chiari syndrome Cirrhosis Liver metastasis 

Uncomplicated
PMN cells < 250/ mm3

Complicated
PMN cells > 250 /mm3
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9.4  Management: Depends 
on the Grade of Ascites

On the basis of amount of fluid, ascites is graded 
as [10]:

Grade I—mild ascites detected only by ultra-
sound examination, does not require 
treatment.

Grade II—moderate ascites, causing moderate 
symmetrical abdominal distension.

Grade III—large or gross ascites leading to 
marked abdominal distension.

9.5  Management of Patient 
with Grade II Ascites [5, 6]

Management of Patient with Grade II ascites [5,6]

Step 1: Treatment of underlying cause (alcoholic hepatitis, viral or autoimmune hepatitis)   
↓

Step II: Moderate dietary salt restriction 80-120 mmol/day (4.6 to 6.9g/day) 
No role of fluid restriction or bed rest  

↓
Step III: Diuretics 

↓
Oral Spironolactone 100mg/day

RESPONSE TO TREATMENT 

Max wt loss of 0.5g/kg in patient
without oedema and 1 kg/day in patient
with oedema  

↓

Continue treatment with dose
adjustment 

NO RESPONSE 

Body wt loss of < 2kg/week or occurence of
hyperkalemia  

↓

Stepwise increase of spironolctone every 72 hrs
(100 mg step) to a max of 400 mg/day 

↓

Add furosemide 40mg/day, increasing in 40mg
steps to max of 160mg/day [combination therapy]

If ascites resolves, decrease the dose
to the lowest effective range
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9.5.1  Diuretics

In patients with ascites diagnosed for the first 
time, antimineralocorticoids (spironolactone) 
alone should be started.

The disadvantage in starting spironolactone 
alone is delay in the onset of action and probabil-
ity of occurrence of hyperkalemia [11]. Patients 
with long-standing and recurrent ascites should 
be started on combination therapy with aldoste-
rone antagonists and loop diuretics.

Patients on combination therapy require fre-
quent clinical and biochemical assessment like 
S.Cr, Na, K, body weight, 24  h urine Na, and 
assessment of orthostatic symptoms.

Loop diuretics should not be used as sole 
agents as their antinatriuretic effect can be 
negated by unopposed hyperaldosteronism.

Diuretics should be stopped if serum 
Na < 125 mmol/L or there is evidence of acute 
kidney injury, worsening of hepatic encephalopa-
thy (HE), painful muscle cramps, painful gyne-
comastia, and hyperkalemia.

Drugs that are contraindicated in patients with 
ascites are.

NSAIDs—due to risk of reduced urinary sodium 
excretion and renal failure.

ACE inhibitors and Angiotensin II antagonists 
due to risk of hypotension.

α1 Adrenergic receptor blockers.
Aminoglycosides and contrast media.

9.6  Management of Grade III 
Ascites/Tense Ascites

Large volume paracentesis (LVP) (removal of 
large volume of ascitic fluid) which is the treat-
ment of choice is effective and a safe procedure 
[12]. However it can lead to depletion of effective 
central blood volume and subsequent stimulation 
for compensatory vasoconstrictor mechanism 
leading to a condition called post-paracentesis 
circulatory dysfunction (PPCD). PPCD, if uncor-
rected, can precipitate HRS in up to 20% patients 
[13]. LVP of more than 5  Lshould be supple-
mented with intravenous albumin (8 g/L of ascitic 
fluid removed) to prevent PPCD, given usually at 
the end of the procedure, while LVP of less than 
5 L, though a low risk for PPCD, is still supple-
mented with alb 8 g/L of ascitic fluid removed.

To prevent reaccumulation of ascites, dietary 
Na restriction should be followed and diuretics 
should be started.

A meta-analysis of randomized trials has 
shown that albumin is preferable to all other 
plasma expanders as it is effective and prevents 
PPCD and complications like hypernatremia 
[14, 15].

Removal of fluid →↓ Intra-abdominal pressure+ ↓ Inferior Vena Caval pressure  

↓

↑ Right atrial pressure 

↓

↑ Venous return 

↓

↑ Cardiac output 

↓
Splanchnic hyperemia and vasodilatation 

↓

Vasoconstriction ← ↑ compensatory mechanisms ← ↓ Mean arterial pressure 

↓
Post-paracentesis circulatory dysfunction  
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9.6.1  Refractory Ascites (RA)

RA occurs in 5–10% of patients with ascites 
every year [15]. Presence of refractory ascites is 
associated with poor survival and poor quality of 
life. Refractory ascites is of two types:

• Diuretic resistant—No response of the patient 
to maximal diuretic therapy with spironolac-
tone 400 mg/day and furosemide 160 mg/day 
for at least 1 week with salt-restricted diet and 
early recurrence within 4  weeks of initial 
mobilization [EASL + AASLD guideline].

• Diuretic intractable—Complications prevent 
the use effective dosage of diuretics. These 
complications could be hepatic encephalopa-
thy (HE), renal impairment, hyponatremia, 
hypo or hyperkalemia.

9.6.1.1  Management of Patient 
Refractory Ascites

• Definitive—liver transplant.
• Palliative—to improve the quality of life.

 – Serial therapeutic paracentesis.
 – Transjugular intrahepatic portosystemic 

shunt (TIPS).
 – Peritoneovenous shunt (PVS).

• Newer interventions.
 – Indwelling peritoneal catheter.
 – Peritoneal urinary drainage.
 – Cell free and concentrated ascites reinfu-

sion therapy [CART].
• New experimental medical management.

 – Vasoconstrictors.
 – Vasopressin V2 receptor antagonists.
 – Gut microbiome-based therapies.

9.6.1.2  Large Volume Paracentesis 
(LVP)

In refractory ascites, LVP along with intravenous 
albumin administration is the first-line treatment. 
Diuretics should be stopped if the patient does not 
excrete sodium of more than 30 mmol/day [16]. 
In patients with refractory ascites with SBP, high 
doses of nonselective beta blockers (NSBB) 
should be avoided till the circulatory dysfunction 
recovers [17].

9.6.1.3  Transjugular Intrahepatic 
Portosystemic Shunt (TIPS)

TIPS insertion is recommended in patients with 
recurrent and refractory ascites. This is a side-to- 
side shunt between high-pressure portovenous 
system and low-pressure hepatic venous system. 
Stent placed in the tract between [18] portal and 
hepatic veins decompresses the portal system. 
The stent should not extend beyond portal bifur-
cation [19].

It is indicated for RA and variceal bleeding 
and is useful when portal hypertension is not 
associated with advanced liver failure. After 
insertion of the stent, there is increase in right 
atrial and pulmonary artery pressure, decrease in 
portal pressure, and secondary decrease in acti-
vation of RAAS leading to increased RBF, 
increased GFR, and increased renal Na excre-
tion. In about 30–50% patients, TIPS insertion is 
followed by HE [20] while other late complica-
tions are shunt thrombosis and stenosis [21]. 
Polytetrafluoroethylene (PTFE)-covered stents 
are associated with low incidence of shunt dys-
function as compared to bare stents [22] Larger 
the diameter of stent more the incidence of HE; 
so small diameter stents are recommended. TIPS 
leads to significant reduction in hepatic venous 
pressure gradient (HVPG) [23] and actually acts 
like a bridge, allowing time for preparation of 
the patient for liver transplant. In patients with 
serum bilirubin >3  mg/dL, platelet count 
<75,000 cell/mm3, HE grade ≥ 2, and progres-
sive renal failure, TIPS insertion is not justified.

Presence of CHF, severe TR, severe portal HT, 
and advanced liver failure are contraindications 
for the insertion of TIPS.

Meta-analysis of several RCTs conducted for 
evaluating the function of TIPS revealed that:

 1. TIPS is more effective than LVP for control of 
ascites.

 2. TIPS is associated with a higher incidence of 
HE.

 3. Effects on survival as compared to LVP are 
not clear; while some studies showed no dif-
ference, others reported a better survival with 
LVP as compared to TIPS [24–30].
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9.6.1.4  Peritoneovenous Shunt
It was used frequently in the 1970s for the treat-
ment of refractory ascites and diuretic-resistant 
ascitic patients who were not fit for transplant, 
TIPS, or serial paracentesis. One end of the shunt 
is placed in the peritoneal cavity while the other 
end at the junction of SVC and right atrium with 
a valve at the venous end which prevents back-
flow of blood. The driving force is the peritoneal 
venous pressure gradient. It basically reinfuses 
the ascitic fluid into the systemic circulation—
increasing plasma volume and inhibiting RAAS 
and ADH systems thus leading to increase GFR, 
diuresis, natriuresis, and free water clearance.

Complications—the shunt is prone to obstruc-
tion, and thus maintenance of long-term patency 
is a problem.

It does not decrease the hospital stay and does 
not increase survival, so paracentesis with albu-
min is a better alternative in a patient with refrac-
tory ascites [31].

Although it leads to rapid control of ascites as 
compared to TIPS, but TIPS has more long-term 
benefits [32].

Other complications—include sepsis, perito-
nitis, DIC, and variceal bleeding.

Other treatment modalities are the result of 
search for alternative treatment for those patients 
who do not respond to any treatment.

9.6.1.5  Pharmacological Therapies
These basically aim at preventing splanchnic 
vasodilatation and maintaining effective circula-
tory volume and renal perfusion and may be used 
with diuretic drugs. α1 Adrenergic agonists like 
midodrine [33], vasopressin analog—terlipressin 
[33], and α2 adrenergic agonist clonidine [34] 
have been investigated in patient with recurrent 
or refractory ascites. Though promising results 
were obtained, further investigations are required.

In cirrhotic patients, dilutional hyponatremia 
can occur due to arginine vasopressin which acts 
on V2 receptor in distal convoluted tubule (DCT) 
and induces water resorption. Vaptans are a group 
of drugs which block the V2 receptors and can be 
given for the management of dilutional hypona-

tremia [35]. Several V2 receptor antagonists have 
been tried: satavaptan [36] and Tolvaptan [37] 
have been studied; however large randomized tri-
als are required before their use can be 
validated.

9.6.1.6  Indwelling Peritoneal Catheters
Tunneled indwelling catheters that drain 2 L per 
week to 1 L/day have been tried in patients who 
require repeated paracentesis and have complica-
tions due to multiple punctures, PICD, and renal 
failure [38].

However there is a high incidence of infection 
following a long-term drainage.

9.6.2  CART—Cell Free Concentrated 
Ascites Reinfusion Therapy

Ascitic fluid is reinfused into the patients after 
filtration and concentration, so that serum albu-
min levels are maintained; however high cost of 
instrument and frequent allergic reactions offset 
the benefits [39].

9.6.2.1  Peritoneal Urinary Drainage 
(Alfa Pump System)

It is a low flow pump that is implanted subcutane-
ously in the patient, is battery driven, and pumps 
ascitic fluid from the peritoneal cavity into the 
urinary bladder [40].

It reduces the frequency of paracentesis, 
improves quality of life, and provides nutritional 
benefits to the patient. However it can be associ-
ated with activation of endogenous vasoconstric-
tor systems leading to impairment of effective 
circulatory volume and renal impairment, apart 
from device- and procedure-related adverse 
effects [41].

Experimental strategies like diuretics with salt 
ingestion have been tried in cirrhotic patients 
with profound hyponatremia [42]. Antibiotics 
like rifaximin that reduce the bacterial endotox-
ins, induce splanchnic vasodilatation, and reduce 
SBP are also under investigation in patients with 
refractory ascites [43].
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Treatment of cause + serial therapeutic paracentesis + albumin infusion 

Diuretic resistant or diuretic
intractable ascites

Peritoneal
catheter 

Vasoconstrictors 

PV Shunt 

Alfapump

TIPS 

Liver Transplant 

CART 

Ineffective  

 

9.7  Hepatic Hydrothorax

Transudative pleural effusion in patients with cir-
rhosis and ascites is known as hepatic hydrotho-
rax. Appearance of hepatic hydrothorax indicates 
poor prognosis with median survival ranging 
from 8 to 12 months [44, 45].

It occurs in 5–12% of patients with cirrhosis 
and portal hypertension and is usually >500 mL 
[46]. It is secondary to a diaphragmatic defect, 
usually right sided in 85% cases and left sided in 
approximately 13% and bilateral in 2% cases, 
and occurs in the absence of cardiac, pulmonary, 
or pleural disease. Negative intrathoracic pres-
sure during inspiration facilitates the movement 
of ascitic fluid into pleural space, as the intra- 
abdominal pressure is high. The protein concen-
tration of the pleural fluid is higher than ascitic 
fluid (serum to pleural fluid albumin gradient is 
>1.1 g/dL). The fluid can get infected leading to 
spontaneous bacterial empyema even in absence 
of SBP. Large pleural effusion can result in dys-
pnea, cough, respiratory compromise, and even 
cardiac tamponade.

During thoracocentesis, no more than 2  L 
should be removed at a time to prevent re- 
expansion pulmonary edema. Placement of chest 
drain is avoided due to volume and electrolyte dis-
turbance and associated morbidity and mortality. 
Consider thoracoscopic mesh repair of diaphragm 
in very selected patients with nonadvanced cirrho-
sis and preserved renal function.

9.7.1  Uncomplicated Hepatic 
Hydrothorax [45]

Diagnostic criteria on analysis of pleural fluid

• WBC count: <250 cells/mm3

• Total protein: <25 g/L
• Pleural effusion: <0.5
• Total protein/serum
• Total protein ratio
• Pleural effusion: >1.1
• Albumin/serum albumin ratio
• Effusion pleural glucose level is equal to 

serum glucose level.
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9.7.2  Management

Refractory hepatic
hydrothorax not
amenable to TIPS or
liver transplant 

Diagnostic
paracentesis to
rule out other

causes  

Pleurodesis?

Thoracoscopic mesh
repair?

Indwelling tunelled
pleural catheter?

Octreolide, midodrine
or terlipressin?

If patient is
dyspneic 

Recurrent
symptomatic 

Dietary salt
restriction and

diuretics 

Therapeutic
paracentesis 

Evaluate for liver
transplant  

TIPS 

Improvement

Hepatic Hydrothorax

 

Key Points
• Paracentesis is mandatory in all patients 

at initial presentation.
• Serum ascites albumin gradient, ascitic 

protein content, neutrophil count, and 
culture of ascitic fluid should be done in 
all patients.

• Dietary sodium restriction should be up 
to 80–120 mmol/day.

• Spironolactone should be the first line of 
treatment increasing from 100 to 
400 mg/day.

• Frusemide (40–160  mg/day) can be 
added in a stepwise manner.

• Careful biochemical and clinical moni-
toring is required for all ascitic patients 
on diuretics.

• LVP is the first-line treatment in patients 
with large or refractory ascites.

• LVP of more than 5  L of ascitic fluid 
drained should be supplemented with 
albumin 8 g/L of ascitic fluid drained.

• TIPS is preferred in patients with refrac-
tory ascites requiring frequent paracen-
tesis or in whom paracentesis is 
ineffective.

• Liver transplant is definitive treatment 
in all patients with cirrhotic ascites or 
hepatic hydrothorax.

• Bed rest and very low sodium contain-
ing diets (<40  mmol/day) are not 
recommended.
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10Preoperative Assessment 
and Optimization of Liver 
Transplant Patients: Cardiac Issues 
in Liver Disease

Annu Sarin Jolly , Seema Bhalotra, 
and Munish Kumar

The heart and the liver are closely related organs 
in health and disease. Hemodynamic swings in 
liver transplantation (LT) surgery impose extreme 
stress on the cardiovascular system. It is hardly 
surprising that cardiovascular complications fol-
lowing liver transplant are the third leading cause 
of mortality, the first two being infection and 
multiorgan failure [1]. In fact, cardiac dysfunc-
tion in cirrhosis may contribute to 50% mortality 
[2]. Coronary artery disease (CAD) progresses 
with age, and as the median age of transplant can-
didates is progressively increasing with improve-
ment in antiviral and overall medical therapy, the 
percentage of chronic liver disease (CLD) 
patients with significant cardiovascular disease 
too is rising. There is a 16.2% incidence of severe 
CAD (>70% stenosis) in patients with cirrhosis, 
and 13.3% of them are asymptomatic, despite 
angiographically evident severe CAD [3].

Though cardiovascular disease rises with age, 
liver disease itself may contribute to higher car-

diovascular risk. Further the spectrum of cardiac 
disease in cirrhosis may range from diseases that 
affect both the heart and the liver to cardiac dis-
eases unique to cirrhosis (Table 10.1).

Earlier liver disease was considered to confer 
protection from CAD, but this has been chal-
lenged by recent research [4], and liver disease 
patients are now considered to be at an equivalent 
or increased risk of cardiovascular disease. Many 
of the common symptoms of CAD like exertional 
dyspnea may be missed because of the restricted 
mobility of liver disease patients. Similarly ele-
vated BP is infrequent in advanced liver diseases 
because of decreased systemic vascular resis-
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Table 10.1 Spectrum of heart diseases in patients with 
cirrhosis

Systemic disease that affects both the heart and the 
liver
Chronic alcoholism
Hemochromatosis
Nonalcoholic fatty liver disease
Amyloidosis
Specific cardiac disease of cirrhosis
Cirrhotic cardiomyopathy
Porto-pulmonary hypertension
Pericardial effusion
Common cardiac disease
Coronary artery disease
Heart failure
Cardiomyopathy (LVOTO)
Arrhythmias
Patent foramen ovale
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tance (SVR). Furthermore, reduced cholesterol 
synthesis in diseased liver states [5] coupled with 
cardio-protective protection of estrogens seen in 
ESLD was considered to reduce the cardiovascu-
lar diseases burden. Thus, many patients with 
advanced cardiovascular disease are likely to be 
missed on routine examination unless actively 
screened for the same.

Even after the diagnosis of cardiac disease is 
established the preoperative optimization of 
patients with stenotic lesions presents a challenge 
to the transplant team. Revascularization strate-
gies with stenting necessitate antiplatelet therapy 
which enhance bleeding risk. On the other hand, 
surgical revascularization involving coronary 
artery bypass grafting (CABG) in advanced liver 
disease may carry unacceptable risk. 
Intraoperative management too would be a 
 challenge and includes advanced cardiac moni-
toring to maintain stable hemodynamic parame-
ters. Reperfusion injury may be graver in patients 
with compromised cardiovascular systems. Many 
patients decompensate in the postoperative 
period as the SVR increases to normal levels, and 
cardiovascular mortality is of significant concern 
in the postoperative period. A clear understand-
ing of the pathophysiology, a protocol for screen-
ing, and perioperative optimization of these 
patients may improve the outcome in this fragile 
group of patients.

10.1  Hemodynamic Changes 
in Patients with Cirrhosis

The cardiovascular system is hyperdynamic in 
patients with portal hypertension secondary to 
cirrhosis [6]. The mean arterial pressure (MAP) 
and SVR are lower, whereas the cardiac output 
(CO) and heart rate are increased. However, there 
is blunted ventricular inotropic and chronotropic 
response to stressful stimuli like surgery, bleed-
ing, or vasoactive drug administration [7], mak-
ing these patients extremely frail candidates for 
liver transplantation. Decreased clearance of gut- 
derived or locally produced humoral factors like 
endogenous cannabinoids and nitric oxide (NO) 
has been implicated as the possible mechanism 

behind peripheral vasodilatation leading to 
reduced vascular resistance [8].

The incompetence of the cardiovascular sys-
tem in coping with the physiological stresses has 
been termed as “cirrhotic cardiomyopathy [9].” It 
is a distinct entity and the clinical features com-
prise blunted systolic and diastolic contractile 
response to stress, accompanied with signs of 
ventricular hypertrophy/chamber dilatation and 
electrophysiological abnormalities. Altered 
membrane fluidity, impaired beta-adrenergic 
receptor signaling pathway, and over-activity of 
NO, carbon monoxide, and endocannabinoid 
pathways have been implicated in the pathogen-
esis of cirrhotic cardiomyopathy [10].

CO decreases, and BP and SVR start rising 
after liver transplantation as liver functions nor-
malize. This may be partly attributable to 
immune-suppressants like cyclosporin [1]. Many 
cardiac patients may not be able to cope with the 
rapidly changing milieu leading to decompensa-
tion and heart failure.

10.2  Preoperative Cardiac 
Evaluation of Liver 
Transplant Candidates

The preoperative assessment starts with clinical 
history and physical examination and includes 
some basic diagnostic screening tests. More spe-
cific tests are indicated on the basis of the clinical 
profile and preliminary cardiac screening.

History and physical examination—The 
patient is asked about any specific symptoms of 
breathlessness on exertion, angina, past history of 
hypertension or CAD, relevant family history, 
and effort tolerance which should be objectively 
documented as METs to allow for detection of 
any deterioration in clinical status in subsequent 
visits. Exercise capacity may be severely com-
promised because of severe ascites, poor nutri-
tion, or lack of motivation necessitating other 
diagnostic modalities to assess the functional sta-
tus of the heart. In addition, the presence of some 
risk factors warrants further investigations 
(Table 10.2). Diabetes is a significant  independent 
risk factor for CAD in these patients [3, 11, 12].
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Table 10.2 Coronary risk factors

Traditional risk 
factors Nontraditional risk factors
1.  Age > 60 years 1.  Nonalcoholic steatohepatitis
2.  Male gender 2.  Concomitant renal failure
3.  History of CAD 3.  Elevated CRP and 

intracoronary calcium
4.  Dyslipidemia
5.  Smoking
6.  Diabetes 

mellitus

Lipid profile should be done for all patients 
apart from routine laboratory and biochemical 
profile.

Other important routine diagnostic screening 
tests include:

 1. Electrocardiogram could help to detect any 
ischemic changes due to long-standing CAD, 
arrhythmias due to electrolyte disturbances, 
or signs of right heart dysfunction like right 
axis deviation or right ventricular strain pat-
tern. Left ventricular hypertrophy, left axis 
deviation, or left bundle branch block may 
also be detected on routine 12-lead ECG. It is 
important to note any QT-interval prolonga-
tion, and a prolonged QTc >440 msec is asso-
ciated with a significantly reduced survival 
[13].

 2. Echocardiography is invaluable in the diag-
nostic screening of liver transplant recipients 
[14] as it can detect structural and functional 
abnormalities, which cannot be detected on 
ECG. It can indicate LV dysfunction, valvular 
defects, left ventricular outflow defects 
(LVOTO), right ventricle (RV) dysfunction, 
elevated pulmonary artery pressure (PAP), 
and pericardial fluid or intracardiac shunt. In 
fact Garg et al. [15] have suggested that even 
a mildly reduced left ventricular function 
should raise the suspicion of a cardiomyopa-
thy. An additional advantage is that Bubble 
ECHO can be simultaneously performed, and 
delayed passage of bubbles to the left side 
may indicate hepatopulmonary syndrome. 
However, a transthoracic echocardiogram 
(TTE) does not detect the presence or severity 

of CAD for which further screening is 
recommended.

 3. Stress tests—Stress echocardiogram is a fam-
ily of examinations in which 2-D echocardio-
graphic monitoring is undertaken before, 
during, and after cardiovascular stress. 
Bedsides TTE provides the functional status 
of the heart at rest, but liver transplant is a 
major procedure, and these tests help to assess 
the functioning of the heart under stress pro-
vided in the form of exercise or pharmaco-
logical agents. Though exercise stress testing 
has the advantage of evaluating exercise 
capacity too, most patients with advanced cir-
rhosis have markedly reduced motivation and 
mobility and are unlikely to achieve target 
heart rate. This makes pharmacological test-
ing with dobutamine necessary—Dobuta-
mine Stress Echocardiogram (DSE). Stress 
increases myocardial oxygen demand leading 
to imbalance in the supply-demand ratio. This 
leads to myocardial thickening and/or 
impaired motility which can be detected on 
the echocardiogram. Further testing may be 
warranted on the basis of stress echocardio-
gram reports necessitating medical therapy or 
intervention procedures for optimizing the 
heart before undertaking transplant surgery.

Varying reports on the predictive ability of 
DSE have been quoted in literature. While 
some authors have reported a high sensitivity 
[16] and a high negative predictive value (86–
100%) [17, 18], a recent review by Hogan 
et al. [14] has suggested that overall DSE has 
a poor sensitivity for ruling out CAD, but is 
reliable at predicting post-LT CV events. They 
attributed this discordance to the fact that 
19–50% of patients did not achieve the target 
heart rate, which is 85% of the maximal pre-
dicted. Many patients of cirrhosis are on 
β-blocker therapy or suffer from chronotropic 
incompetence and consequently may not 
reach their target heart rate [19]. Thus, the test 
may be inconclusive in 26–56% patients. 
Recent protocols suggest that β-blockers may 
be safely withdrawn without rebound 
 hypertension or variceal bleeding [20]. 
However, DSE may require early termination 
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in 28% of patients due to chest pain, arrhyth-
mias, or marked changes in blood pressure 
[14].

 4. Nuclear myocardial perfusion imaging is 
done with the administration of vasodilator 
drugs (such as adenosine or dipyridamole), 
but is not reliable in cirrhosis as they are 
already maximally vasodilated due to low 
SVR and further vasodilatation may not be a 
possibility.

 5. Functional testing—Perioperative risk is 
increased in patients who are unable to per-
form at least 4 METs of work. Current UK 
guidelines consider NAFLD patients at low 
risk if they are able to climb 2 flights of stairs 
which is the equivalent of 4 METs [14].

Cardiopulmonary exercise testing 
(CPET)—Maximum aerobic capacity mea-
sure as VO2 max correlates with maximal fit-
ness and is usually not possible in severe 
disease. Only 32% of ESLD patients achieve 
it, but ventilatory threshold or anaerobic 
threshold (AT) can be achieved in 90% of 
these patients. It is the physiological point at 
which oxygen supply is inadequate and mus-
cles switch over to anaerobic glycolysis, and 
indicates cardiopulmonary reserve. The 
remainder patients can be motivated or func-
tional reserves built up to achieve AT. Patients 
with cirrhosis have a reduced aerobic capacity 
and researchers from the UK reported that 
preoperative CPET is a specific predictor of 
90-day survival following liver transplanta-
tion. In a study involving 182 patients fol-
lowed over a 3-year period, the mean 
anaerobic threshold (AT) was significantly 
higher in survivors compared to nonsurvivors 
and AT <9.0  mL/minute/kg was associated 
with reduced 90-day survival [21].

Though this is not routinely followed in 
transplant centers over the world Dr. James 
Findlay from the Mayo Clinic in Rochester, 
Minnesota, commented that CPET could be a 

promising modality in assessing risk-benefit 
ratio and merits further evaluation. He further 
advocated simpler tests like the 6-minute walk 
test (6MWT). Carey et  al. [22] reported that 
each 100-m increase in the 6MWT was signifi-
cantly associated with increased survival, with 
6MWT  <  250  m being associated with an 
increased risk of death on the waiting list. They 
observed that the 6MWT is significantly 
reduced in patients awaiting LT and is inversely 
correlated with the native MELD score.

 6. Cardiac MRI provides detailed structural 
and functional evaluation of heart as well as 
its tissue characterization. It is useful in early 
recognition of cirrhotic cardiomyopathy and 
aids in evaluating cardiac iron overload in 
hemochromatosis. Gadolinium-enhanced car-
diac MRI is used to detect cardiac involve-
ment in amyloidosis. MRI is also used to 
evaluate the presence of myocardial scars and 
viable myocardium.

 7. Right cardiac catheterization should be per-
formed to characterize the pressure-resistance 
relationship in the pulmonary artery whenever 
there is clinical suspicion of pulmonary HTN 
or porto-pulmonary hypertension as indicated 
by elevated Right Ventricular Systolic 
Pressure >50  mmHg on routine 
echocardiography.

 8. Cardiac computed tomography angiogra-
phy may be done in patients with unclear or 
inconclusive stress test results. It is noninva-
sive, hence carries lower bleeding risks in 
coagulopathic ESLD patients. However, its 
utility is limited to patients with low to inter-
mediate risk of CAD, and it cannot replace 
conventional coronary angiography in symp-
tomatic patients with high probability of 
CAD.  It is more sensitive but less specific 
than conventional angiography. However, 
contrast-induced nephropathy is a problem in 
patients with ESLD who have renal dysfunc-
tion. Candidates suitable for CT angiography 
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Table 10.3 Coronary artery calcium score and risk stratification

CCS (Agaston) Risk Description
0 Nonidentified Negative test. Findings are consistent with a low risk of having a 

cardiovascular event in the next 5 years
1–10 Minimal Minimum atherosclerosis is present. Findings are consistent with a low risk 

of having a cardiovascular event in the next 5 years
11–100 Mild Mild coronary atherosclerosis is present. There is likely mild or minimal 

coronary stenosis. A mild risk of having CAD exists
101–400 Moderate Moderate calcium is detected in the coronary arteries and confirms the 

presence of atherosclerotic plaques. A moderate risk of having a 
cardiovascular event exists

>400 High A high calcium score may be consistent with significant risk of having a 
cardiovascular event within the next 5 years

should have normal renal function, nontachy-
cardiac regular cardiac rhythm, normal body 
habitus, and the ability to lie still and perform 
breath holding maneuvers. The last may be 
problematic in patients with severe ascites.

 9. Coronary artery calcium score (CACS) 
may be a useful noninvasive test in patients 
with liver disease as it measures the calcium 
deposits within coronary vasculature by CT 
[23, 24].

It is gaining popularity as an adjunct sur-
veillance tool for screening CAD, but the 
study samples have been small, and are not 
considered conclusive.

Higher CACS suggests a greater degree of 
coronary artery stenosis but the score has lim-
ited predictive value as a single screening 
study for CAD. Patients with CACS >100 are 
five times more likely to have ischemic events 
than with CACS<100 (Table 10.3).

 10. Conventional cardiac angiography contin-
ues being the gold standard for diagnosing 
CAD. It is an invasive technique but has the 
advantage that both diagnosis and treatment 
can be accomplished in a single session, thus 
avoiding the need for repeated contrast expo-
sure in liver patients with vulnerable or dam-
aged kidneys. Bleeding remains a significant 
risk, and procoagulant cover may be indi-
cated during the procedure. Trans-radial 
approach may minimize bleeding complica-

tions in ESLD patients and may be indicated 
in suitable patients.

Although active screening for cardiac dis-
eases is desirable a brief summary of com-
mon cardiac diseases associated with 
cirrhosis would further aid in the understand-
ing and management of these patients.

10.3  Systemic Disease That Affect 
Both Heart and Liver

Alcoholic cirrhosis is seen in chronic alcoholics. 
It is characterized by nonischemic dilated cardio-
myopathy. There is myocardial fibrosis, disrup-
tion of myofibrillary structure, and an increased 
risk for CAD. Ejection fraction is decreased and 
there is increased propensity for supraventricular 
arrhythmias.

Hemochromatosis is characterized by dilated 
or restrictive cardiomyopathy, cardiac arrhyth-
mias, and heart failure. Cardiac MRI is especially 
useful in diagnosis.

Nonalcoholic fatty liver disease (NAFLD) is 
often associated with metabolic syndrome and 
atherosclerotic plaques, and fatty liver is a strong 
predictor for CAD [25].

Amyloidosis—Restrictive cardiomyopathy 
and arrhythmias are seen along with small vessel 
CAD.

Cirrhotic cardiomyopathy has a 40–50% 
incidence in cirrhotic patients [14] and is charac-
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terized by an abnormal cardiac response during 
transplant. There is a 3.3–7% incidence of severe 
left heart failure after transplant which carries a 
45% mortality. Cirrhotic cardiomyopathy is 
defined as cardiac dysfunction in patients suffer-
ing from cirrhosis characterized by impaired con-
tractile responsiveness to physical and 
pharmacological stress and/or altered diastolic 
relaxation with associated electrophysiological 
abnormalities in absence of other known cardiac 
disease. The pathogenesis of cirrhotic cardiomy-
opathy involves autonomic dysfunction, cardio- 
depressant substances, and abnormal plasma 
membrane fluidity.

There is reduced systolic as well as diastolic 
function. Systolic dysfunction may be revealed 
as reduced cardiovascular response to stress test-
ing even though the resting cardiac output is 
high. Diastolic dysfunction is indicated by fibro-
sis, myocardial hypertrophy, and subendothelial 
edema leading to reduced compliance and relax-
ation [26]. Diagnosis involves diastolic dysfunc-
tion (E/A ratio  <  1) on 2D-ECHO and systolic 
dysfunction (chronotropic incompetence) on 
Stress ECHO.

Electrophysiological abnormalities include 
prolonged QT interval, and the QT interval cor-
rected for heart rate (QTc) is more than 440 ms. 
In cirrhosis, gender difference in QT interval 
length is abolished. There is a higher chance of 
torsades de pointes and other rhythm distur-
bances. Electromechanical dissociation may be 
seen and there could be failure to recruit the 
whole myocardium during contraction.

Pericardial effusion—Fluid retention during 
ESLD may cause pericardial effusion which may 
further lead to cardiac tamponade. It can be diag-
nosed by complete bedside examination but pre-
operative screening with transthoracic ECHO 
(TTE) is invaluable, though the sensitivity may 
be reduced in the setting of porto-pulmonary 
hypertension. Treatment with pericardiocentesis 
or a pericardial window may be indicated.

Heart failure—Preoperative assessment of 
cardiac function with TTE could rule out heart 
failure. This pretransplant heart failure may 
resolve or worsen postoperatively in this cohort of 
patients. Perioperative medical therapy for heart 
failure may help to optimize cardiac function.

Left ventricular outflow tract obstruction 
(LVOTO)—Left ventricular hypertrophy (LVH) 
with hyperdynamic systolic function in ESLD 
may result in LVOTO.  These patients exhibit 
poor tolerance to hemodynamic stresses encoun-
tered in transplantation. LVOTO may be func-
tional secondary to high flow state or mechanical 
secondary to septal hypertrophy. The risk of 
intraoperative hypotension is increased if LVOTO 
exceeds 36 mmHg [27]. Intraoperative strategies 
to minimize LVOTO include avoiding tachycar-
dia, minimizing preload reduction, and limiting 
inotropic agents. TEE-guided volume replace-
ment may be useful [28–30]. Alcohol septal abla-
tion may be indicated in cases of symptomatic 
heart failure with underlying hypertrophic 
obstructive cardiomyopathy (HOCM) [31].

Structural heart diseases—Atrial septal 
defect (ASD) and patent foramen ovale (PFO) 
may be associated with a prevalence similar to 
that of the general population, and do not pre-
clude transplant [26]. Long-term ASD leads to 
altered pulmonary vascular resistance which may 
precipitate right heart failure in the postoperative 
period. PFO has a prevalence of 4% and is associ-
ated with paradoxical embolism, though it is not 
a contraindication for transplantation. Extra care 
should be taken to prevent thrombus formation 
and air entry into the venous system during sur-
gery. Further studies are needed to determine the 
potential role of percutaneous PFO closure in LT 
candidates.

A stepwise approach to diagnosing liver dis-
ease is described in Fig. 10.1 [14].

Optimization of cardiac issues—Screening 
measures may detect cardiac disease which needs 
to be optimized for successful outcome in LT.
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A. History & Physical examination
    Assess for risk factors
    ECG
    Bio-chemical profile-sugars, lipids

B. Transthoracic Echocardiography
• LV dysfunction 
• Valvular defects
• LVOTO
• RV dysfunction 
• Elevated PA pressure
• Pericardial fluid
• Intra-cardiac shunt

YES

NO

Refer to specialist
for optimization

Proceed for LT
Listing meeting

C. Functional assessment
• 6 MWD >250m
• METS>4
• AT >9 ml/min/kg on CPET

YES

No*

*Consider conditioning program for optimization

DSE Normal

Abnormal

Coronary angiography
Revascularization

D. CAD Risk Factors
• Age >50 years
• Hypertension 
• Type2 DM  
• Smoking 
• Family H/O CAD
• Dyslipidemia
• NAFLD
• Calcium score>100

≥ 1 Risk
Factor

≥ 3 Risk
Factor

Fig. 10.1 Proposed algorithm for pretransplant cardiac evaluation of patient
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10.4  Management 
of Stenotic CAD

Medical management—Patients with mild to 
moderate obstructive diseases should be aggres-
sively managed medically. There are no separate 
guidelines for patients with cirrhosis and the gen-
eral principles of risk reduction are followed. 
Abstinence from tobacco and lifestyle modifica-
tions as applicable are followed. Hb1Ac levels 
should be aimed at less than 7 gm% as pretrans-
plant diabetes carries significant risk. LDL levels 
should be kept below 100 mg% with lipid lower-
ing drugs, and close monitoring of liver function 
tests is desirable as they may be hepatotoxic. 
Statins may have the dual advantage of lowering 
portal pressure in addition to their cardiovascular 
benefits [14]. Aspirin cannot be administered usu-
ally as there may be marked thrombocytopenia. 
β-blockers, ACE inhibitors, and aldosterone antag-
onists may be administered in the peri- transplant 
period. β-blockers attenuate both the sympathetic 
and neuro-endocrine response to stress. 
Perioperative β-blockers may be  protective for 
death and improve perioperative cardiac outcome 
[32]. Among the β-blockers carvedilol may be pre-
ferred as it reduces splanchnic blood flow and 
porto-collateral resistance, thus reducing portal 
hypertension [33]. ACE-i and aldosterone antago-
nists may require dose reduction in the setting of 
renal dysfunction but are particularly indicated in 
patients who have suffered a myocardial infarction 
and have left ventricular dysfunction [34].

Preoperative revascularization strategies 
are indicated in patients with more severe obstruc-
tion to minimize the perioperative risk burden. 
There is a lack of consensus regarding the criteria 
of obstructive CAD in prospective liver transplant 
patients that need intervention. While traditional 
CAD is defined as >70% coronary stenosis 
or  >  50% left main stenosis, experts have indi-
cated that the threshold may be lowered in this 
cohort of patients considering the major hemody-
namic swings integral to the surgery [4]. The 
choice for revascularization depends on the type 
and extent of occlusion. Most cardiologists favor 
percutaneous intervention (PCI) as the pre-
ferred therapy as it is less invasive and is success-
ful in 93–94% of patients with ESLD [35–37].

Percutaneous transluminal coronary angio-
plasty (PTCA) either alone or with stenting is 
adequate in the majority of patients, and 
Coronary Artery Bypass Grafting (CABG) is 
reserved for the special group of patients whose 
anatomy is not favorable for PCI. However, PCI 
has its own risks in these patients with compro-
mised renal function and coagulopathy. Carey 
et al. [3] observed a 5.5% rate of transient renal 
impairment in patients undergoing PCI second-
ary to contrast exposure. In addition, the anti-
platelet medications increase the bleeding 
tendency. The new glycoprotein IIb/IIIa medica-
tions and even thienopyridine clopidogrel have 
not been adequately studied in ESLD patients. 
Bare Metal Stents are preferred as they need 
shorter dual antiplatelet therapy (DAPT) and may 
be switched over to aspirin alone after 1 month 
[38, 39]. This would expedite surgery in critical 
cases and minimize inherent bleeding risk. Drug 
eluting stents (DES) mandate longer DAPT and 
may delay transplant. Stopping DAPT before the 
recommended period carries a significant risk of 
stent thrombosis.

In the small subgroup of patients who cannot 
be treated by PCI techniques CABG may be con-
sidered; however, the risk of cardiac surgery in 
cirrhotic patients may be unacceptably high, and 
the one-year mortality in Child B & C has been 
reported between 45% and 80% [14]. CABG 
may only be indicated in the small subgroup of 
patients with anatomically unfavorable lesions 
which preclude stent placement, thereby denying 
the candidate a liver transplant.

Another important decision is regarding the 
timing of CABG—whether it should precede the 
transplant, follow the transplant, or be done 
alongside the transplant as a combined proce-
dure. CABG before LT may be attempted in 
moderate ESLD, but there is a risk of postopera-
tive liver decompensation and an urgent trans-
plant may be needed in this period. Moreover, 
there is risk of acute liver decompensation intra-
operatively which may hamper operative repair 
of CAD.  CABG may be attempted after liver 
transplant if the cardiac disease is not deemed to 
be very severe and would permit the patient to 
tolerate the surgery without any major adverse 
cardiac event. An added theoretical advantage of 
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CABG after LT would be that normal liver func-
tion would reduce bleeding during CABG, but 
the majority of CAD patients with significant 
occlusion would not be able to tolerate a trans-
plant surgery without adequate optimization of 
cardiac function. With advancement in surgical 
and anesthetic techniques a few case reports of 
combined CABG and liver transplant have been 
reported, although the decision is not to be taken 
lightly [40, 41]. Major complications included 
renal failure, massive blood loss, myocardial dys-
function, wound infection, and even one intraop-
erative death. Lebbinck et al. [42] used Offpump 
Coronary Artery Bypass Graft (OPCAB) sequen-
tial procedure in a patient with Child C and 
described it as a “Good option for those in need 
of LT and coronary revascularization.” In the 
author’s institute of current affiliation 5 com-
bined CABG LT procedures have been conducted 
in the last decade with 100% 1  year graft and 
patient survival. All patients were managed off 
pump and had a pretransplant EF > 45%. OPCAB 
reduces bleeding as the equilibrium between pro-
coagulant and anticoagulant activity is less dis-
turbed. Moreover, there is lower inflammation, 
lower cardiac stunning, and reduced volume 
shifts. Besides these anesthetic modifications, 
organ quality is also important in combined pro-
cedure as graft dysfunction could predispose to 
increased bleeding and cardiac tamponade.

It needs to be emphasized that the decision for 
combined CABG-LT is not to be taken lightly 
and should be a multidisciplinary opinion. Main 
indication for combined procedure is the pres-
ence of significant, high-risk coronary lesions 
with preserved left ventricular function and very 
advanced liver disease.

Cirrhotic Cardiomyopathy—ESLD may be 
associated with cirrhotic cardiomyopathy and 
circulating inflammatory mediators with inherent 
cardio-depressant properties. There may be 
reduced sensitivity to beta-agonists, and such a 
heart may decompensate in the postoperative 
period, as preload reduces; and afterload normal-
izes with improved SVR.

No specific treatment can yet be recommended 
but caution is advised with respect to procedures 

that may stress the heart. Balance of myocardial 
oxygen supply and demand is critical in the peri-
operative period. Patients with heart failure 
should be treated following general guidelines.

An institution-specific protocol for cardiac 
screening is imperative for ruling out major car-
diovascular diseases, which may otherwise be 
missed. Noninvasive tests should be a part of all 
screening processes, which may dictate further 
invasive tests [26]. The anesthesiologist must 
optimize the cardiac status before proceeding 
with the transplant. Revascularization by PCI is 
indicated in obstructive CAD, and stents which 
require minimal dual antiplatelet therapy are pre-
ferred. The risk of cirrhotic cardiomyopathy must 
always be kept in mind, and usually manifests in 
the postoperative period. Meticulous volume and 
hemodynamic management in the perioperative 
period and close invasive monitoring may mini-
mize the risk.

A thorough understanding of the cardiovascu-
lar physiology in advanced liver disease com-
bined with an awareness of diseases unique to 
this subset of population is necessary for success-
ful optimization and perioperative management.

Key Points
• Cardiovascular physiology is consider-

ably altered in liver disease.
• Cardiovascular diseases are a leading 

cause of post-transplant mortality.
• Active screening for cardiovascular dis-

ease should be a part of pretransplant 
workup.

• Revascularization with stenting is the 
preferred treatment modality in occlu-
sive CAD.

• Stents which require minimal period of 
dual antiplatelet therapy are preferred.

• Cirrhotic cardiomyopathy is a distinct 
entity, and these patients may decom-
pensate in the postoperative period.

• Close invasive monitoring with rapid 
response to hemodynamic swings may 
improve perioperative outcome.
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11Preoperative Assessment 
and Optimisation of Liver 
Transplant Patients: Renal Issues

Nikunj Gupta

11.1  Introduction

The first successful human liver transplant was 
performed in 1969; since then liver transplant has 
evolved rapidly becoming the standard therapy 
for the acute and chronic liver failure of all aeti-
ologies. The success has been attributed to sev-
eral advances such as improvements in surgical 
techniques, the introduction of new immunosup-
pressants and preservative solutions and early 
diagnosis and management of complications [1]. 
Cirrhosis (57%) remains the most common cause 
for liver transplant followed by cancers (15%), 
cholestatic diseases (10%), acute hepatic failure 
(8%) and metabolic disorders (6%) [1].

Patients with liver pathology are susceptible 
to renal impairments due to pre-existing hor-
monal and circulatory imbalances or due to pre-
cipitating factors. Acute renal failure (ARF) is 
caused mainly by renal hypoperfusion and tubu-
lar necrosis. Haemorrhage, fluid loss due to the 
use of diuretics, sepsis and hepatorenal syn-
drome are the main causes of prerenal failure 
[2]. Liver disease and renal dysfunction can 
occur simultaneously as a result of a systemic 
condition affecting both these organs; however, 
renal dysfunction complicating primary disor-

ders of the liver such as IgA nephropathy, cryo-
globulinemia, membranous nephropathy and 
hepatorenal syndrome is much more common 
[3]. In 19% of cirrhotic patients awaiting a liver 
transplant, acute kidney injury is frequently 
developed during hospitalisation due to nephro-
toxic drugs, diuretics and contrast dyes used in 
perioperative period [4–6] and approximately 
1% of the patients develop chronic renal failure 
(CRF) [2–4]. In patients without renal impair-
ment, acute kidney injury is diagnosed when 
serum creatinine level increases by more than 
50% of the base value, to above 1.5 mg/dl [7]. It 
is imperative to assess and diagnose renal dys-
function early in patients with liver disease 
awaiting transplant. There has been an improve-
ment in the understanding of renal complica-
tions in liver disease and the treatment options 
for the same. A thorough preoperative examina-
tion of all the systems is crucial and mandatory. 
Hemodynamic derangements and insults during 
the perioperative period are somewhat predict-
able based on the preoperative assessment of the 
patient and this is the time when preventive 
therapy can be initiated if the risk is aptly deter-
mined [8]. Anaesthetists play a pivotal role in 
identifying patients at risk for acute renal fail-
ure, optimising anaemia and treating hypovole-
mia in the preoperative period.
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11.2  Definition of Acute Kidney 
Injury

Comparison of the criteria for staging of AKI by 
three systems is tabulated in Table 11.1.

RIFLE (risk, injury, loss of kidney function, 
end-stage renal failure) system used serum cre-
atinine and urine output to define adult kidney 
injury, the first-ever criterion for adult kidney 
injury to be published in 2004 [6].

A modification of RIFLE criteria was pub-
lished by the Acute Kidney Injury Network 
(AKIN) in 2007 [9] AKIN criteria evolved from 
RIFLE criteria but with the understanding that 
smaller changes in concentration of serum creati-
nine are associated with morbidity and mortality 
[10]. AKIN criteria failed to define adult kidney 

injury without knowledge of baseline serum cre-
atinine [6, 10, 11].

In 2012, the Kidney Disease: Improving 
Global Outcome (KIDGO) foundation proposed 
a clinical and practice guidelines of acute kidney 
injury. The guidelines included a comprehensive 
review of acute kidney injury definition, risk 
assessment, diagnosis, prevention, treatment and 
renal replacement therapy [12, 13]. The KIDGO 
criteria included absolute change in serum creati-
nine and accepted 48  hours and an extended 
7-day time frame for diagnosis of acute kidney 
injury [12].

To define acute kidney injury based on serum 
creatinine levels would be flawed as it is influ-
enced by [6] by overall nutrition state, volume 
overload, drugs especially steroids, muscle injury 

Table 11.1 Comparison of RIFLE, AKIN and KIDGO criteria in the staging of acute injury [6, 9, 11, 13, 14]

Definition 
system

RIFLE
7 Days

AKIN
48 h KIDGO

Staging Risk
Increased sCr × 1.5
or
GFR decrease >25%
or
urine output 
<0.5 ml kg−1 h−1 for 6 h

Stage 1
Increased sCr × 1.5–2 or
sCr increase ≥0.3 mg dl−1

or
urine output 
<0.5 ml kg−1 h−1 for >6 h

Stage 1
Increased sCr × 1.5–1.9 that is known 
or presumed to have occurred within 
the preceding 7 days
or
sCr increase ≥0.3 mg dl−1 within 48 h
or
urine output <0.5 ml kg−1 h−1 for 
6–12 h

Injury
Increased sCr × 2
or
GFR decease >50%
or
urine output 
<0.5 ml kg−1 h−1 for 12 h

Stage 2
Increased sCr × 2–3
or
urine output 
<0.5 ml kg−1 h−1 for >12 h

Stage 2
Increased sCr × 2–2.9 or
urine output <0.5 ml kg−1 h−1 for ≥12 h

Failure
Increased sCr × 3
or
GFR decrease 75%
or
sCr ≥ 4 mgdl−1 when sCr is 
in acute increase 
(≥0.5 mg dl−1)
or
urine output 
<0.3 ml kg−1 h−1 for 24 h
or
anuria for 12 h

Stage 3
Increased sCr × 3 or more
or
sCr ≥4 mg dl−1 when sCr is 
in acute increase 
(≥0.5 mg dl−1)
or
urine output 
<0.3 ml kg−1 h−1 for >24 h
or
anuria for 12 h

Stage 3
Increased sCr × 3
Or
sCr ≥4 mg dl−1

or
initiation of RRT
or
GFR decreases to <35 ml min−1 
(1.73 m)−2 in patients <18 years old or
urine output <0.3 ml kg−1 h−1 for ≥24 h 
or anuria for ≥12 h

sCr serum creatinine, GFR glomerular filtration rate, RIFLE risk; injury; failure; loss of kidney function; end-stage 
renal failure, AKIN Acute Kidney Injury Network, KIDGO Kidney Disease: Improving Global Outcome, RRT renal 
replacement therapy
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and fluid overload. Over the last few years study 
in the field of acute kidney injury has expanded 
with identifying different molecules excreted 
from the injured kidney; these molecules have 
ranged from constitutive proteins released from 
the damaged kidney to molecules upregulated in 
response to injury or non-renal tissue products 
that are filtered, reabsorbed or secreted by the 
kidney. These biomarkers are proteins that can be 
found in urine exosomes and free filtered urine 
[15] and can be utilised to predict the nature, 
magnitude and site of injury based on their speci-
ficity. Biomarkers such as Cystatin C, 
Microalbumin, N-Acetyl-beta-d glucosamini-
dase, Neutrophil Gelatinase-associated lipocalin 
(NGAL) and Interleukin 18 have been used to 
detect early renal impairment [16].

Cystatin C is an endogenous inhibitor of cys-
teine proteinases, specifically cathepsin H, B, L 
and Calpains [16]. Cystatin C is produced in 
nucleated cells and is not bound to plasma pro-
teins [37], hence freely filtered by the glomerulus 
and subsequently reabsorbed and degraded in the 
proximal tubules of the kidney and their appear-
ance in the urine depends on the severity of AKI 
[38]. Cystatin C and albumin are both reabsorbed 
by megalin-facilitated endocytosis in the proxi-
mal tubule; hence albuminuria may inhibit reab-
sorption and increase urinary excretion of 
Cystatin C [17–20]. The blood concentration of 
Cystatin C depends on individual’s GFR and the 
link between Cystatin C and GFR is evident even 
in ranges where serum creatinine cannot detect 
changes, GFR 60–90 ml/min [21]. Urine Cystatin 
C appears earlier and is a more sensitive marker 
in AKI. Use of Cystatin C as a biomarker in renal 
pathology is constantly evolving and it is unclear 
if the value of Cystatin C is generalizable to all 
forms of AKI [22].

Microalbumin is an inexpensive diagnostic 
tool in identifying the progression of renal dis-
eases. Microalbumin detects urinary albumin 
below the threshold level by urinary dipstick 
(30–300  mg/l) [16, 22, 23]. Gene expressing 
albumin is increased in AKI and is more of a sen-
sitive marker than previously thought [23]. 
Microalbumin as a marker fails to specify the site 
of injury and does not have the ability to separate 

CKD from AKI as albumin degrades with storage 
[24].

N-Acetyl-beta-d glucosaminidase (NAG) 
originates from lysosomes of the cells lining the 
proximal convoluted tube and can be measured 
using coulometry assay, hence is a sensitive 
marker for proximal tubule injury with loss of 
lysosome integrity. Critically ill patients awaiting 
liver transplant with elevated NAG levels have 
shown poor outcome. Urinary NAG is inhibited 
by urea and tends to degrade most appreciably 
over time compared with other biomarkers even 
when stored at extremely low temperature [25].

NGAL is a novel 25-kDa protein associated 
with gelatinase from human neutrophil [26]. 
NGAL is intensively upregulated in the condition 
of sepsis, suggesting that the release of NGAL 
into the urinary system is a major response of the 
kidney to systemic infection [27]. Clinical stud-
ies have shown that urinary and plasma NGAL 
are powerful and independent predictors of AKI 
when compared to serum creatinine [28].

IL-18 is expressed in human peripheral blood 
mononuclear cells, murine splenic macrophages 
and non-immune cells [29]. IL-18 levels in kid-
ney double following AKI [30].

A recent study suggests two novel biomark-
ers—insulin-like growth factor binding protein 7 
and tissue inhibitor of Metalloproteinases 2 
which are sensitive in the early detection of acute 
kidney injury [15], but lack supporting data to 
standardise its efficacy.

11.3  Pathophysiology of Renal 
Dysfunction in Liver 
Impairments

Patients with liver pathology develop portal 
hypertension with splanchnic vasodilatation and 
pooling of blood secondary to increased resis-
tance to portal flow [31]. Pooling of blood leads 
to decrease in circulatory blood volume in 
patients with cirrhosis [32]. Increase in cardiac 
output maintains sufficient renal perfusion, how-
ever with decompensation of the liver in cirrhosis 
and an increase in severity of portal hypertension, 
the compensatory increase in cardiac output is 
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inadequate to maintain circulatory blood volume 
and adequate renal perfusion [32], and this causes 
activation of the renin-angiotensin-aldosterone 
system, resulting in sodium and water retention 
and extra-splanchnic vasoconstriction [33], caus-
ing ascites and explains the signs of adult kidney 
injury in liver pathologies.

11.4  Evaluating Criteria

Serum creatinine level is a variable in calculating 
the model for end-stage liver disease score, a rec-
ognised predictor of the three-month mortality 
risk and a method for allocating liver transplants 
[34, 35]; however, patients with compromised 
liver pathology show lower baseline serum cre-
atinine as a result of liver dysfunction, drug- 
induced tubular secretion of creatinine, decreased 
conversion of creatine to creatinine as a conse-
quence of reduced skeletal muscle mass from 
malnutrition and underestimation of serum cre-
atinine in pre-existing hyperbilirubinemia in a 
laboratory setting [36, 37]. As mentioned earlier, 
Biomarker Cystatin C is the best alternative 

method for estimating the glomerular filtration 
rate (GFR), and it has proven accurate in patients 
with liver pathologies as it is independent of 
hepatic function [14, 38].

Renal impairment in liver pathologies is usu-
ally hypovolemia-induced prenatal acute kidney 
injury, acute tubular necrosis and hepatorenal 
syndrome (HRS), with HRS being most fatal 
[37]. Hence a simplified algorithm in diagnosing 
renal impairments in patients with liver pathol-
ogy can be adopted (Flow Chart 11.1) [37].

Prerenal impairment accounts for 68% of 
acute kidney impairment in patients with liver 
pathologies [31] due to underlying circulatory 
disturbances. Pathophysiological changes in the 
kidney are mild in prerenal impairment but severe 
in HRS due to neurohormonal activation [39]. 
The two main causes for prerenal impairment can 
be differentiated by the response to volume 
expansion - A) hypovolemia induced impairment 
responds whereas - B) HRS is insensitive to vol-
ume expansion [40]. The hypovolemia induced 
prerenal impairment results from excessive fluid 
loss due to diarrhoea, sodium and water restric-
tion, gastrointestinal haemorrhage, large-volume 

Renal impairment in liver pathologies.

Renal
Pre-renal

Post renal

Trial of volume expansion and withdrawal
of diuretic

Volume responsiveness HRS

A detailed history of renal impairment

Renal profile

Radiological studies of the renal system

Flow Chart 11.1 Algorithm in 
diagnosing renal impairment  
in liver pathologies [37]
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paracentesis and excessive diuretic therapy [41]. 
Measures should be taken to reduce and prevent 
intravascular volume depletion; and hence the 
risk of prerenal impairment which includes 
attaining fluid balance, judicious use of diuretics, 
avoidance of Reno toxic drugs, avoidance of lac-
tose therapy and administration of intravenous 
albumin [42] Albumin is superior and safer to 
saline for volume expansion; the recommended 
dose of intravenous albumin is 1gm/kg of body 
weight/day up to a maximum of 100gm per day 
[39, 41, 42]. The incidence of renal impairment 
was 10% when albumin was added to antibiotic 
compared to renal impairment with antibiotic 
therapy alone which was 33% [7]; further, the 
3-month mortality rate was lower with Albumin 
and Antibiotic combination compared to 
Antibiotic alone [32]. Albumin is suggested in 
patients with serum creatinine >88.4micro mol/l 
or bilirubin >68.4 micro mol/l and is not neces-
sary for patients who do not meet this criterion 
[43]. The American Association for the Study of 
Liver Diseases suggests that patients with SBP 
who have serum creatinine >1 mg/dl, blood urea 
>30  mg/dl or total bilirubin >4  mg/dl should 
receive 1.5 g/kg of body weight within 6 hours of 
detection and 1gm/kg of body weight on day 3, 
and the European Association for the Study of the 
Liver recommends that the patient should be cov-
ered up with broad-spectrum antibiotics along 
with albumin [1, 37, 42].

Renal impairments due to acute tubular necro-
sis account for 41.7% to 44.4% of cases with 
liver pathologies [37, 43]. Hypovolemia-induced 
prerenal impairment may progress into renal 
impairment leading to severe ischemic acute 
tubular necrosis [37]. In acute tubular necrosis, 
reabsorption of sodium is hampered leading to 
increased concentration of sodium in urine 
(>40  mEq/L) and low urine osmolality 
(<35 mOsm/kg) [43] and vice versa in patients 
with HRS. This differentiation can be challeng-
ing in patients with liver pathologies on diuretic 
therapy which can hamper the results. Casts are 
seen both in acute tubular necrosis and HRS but 
epithelial casts are characteristic of acute tubular 
necrosis [44]. Renal biopsy is confirmatory for 
histological diagnosis in unresolved cases [45] 

but carries the risk of internal bleeding due to 
coagulopathy and thrombocytopenia; hence it is 
rarely sought after in these instances [31].

Post-renal impairment due to urinary tract 
obstruction is uncommon and accounts for <1% 
of acute kidney injury in patients with liver 
pathology [46]. Imaging studies are most effec-
tive in differentiating hydronephrosis from pre- 
to post-renal causes.

11.5  Management

As per observations made by renowned authors, 
we would like to propose a working party algo-
rithm in the management of renal issues in liver 
pathologies (Flow Chart 11.2).

Liver transplant is the ideal treatment for 
patients suffering from HRS with short-term sur-
vival rate. Systemic vasoconstrictor therapy with 
terlipressin and noradrenaline have proven bene-
ficial in patients awaiting a liver transplant. 
MARS (molecular adsorbent recirculation sys-
tem) and TIPS (Transjugular intrahepatic porto-
systemic shunt) improve renal function during 
the waiting period [1]. Additionally, the surgical 
and the anaesthetic team is advised to take mea-
sures to reduce blood loss and avoid unnecessary 
transfusion. Intraoperative hypotension should be 
avoided as it carries a risk of postoperative acute 
kidney injury. Normovolemia is of utmost impor-
tance [6]. Maintenance of higher blood pressure 
is required in hypertensive patients. Fluids in 
excess should not be administered to treat oligu-
ria and administration of low chloride solution 
has shown beneficial effects [1, 3, 5].

Prognosis of transplant surgeries depends on 
the duration of renal failure before the surgery 
and appears to be a negative predictor of post- 
transplant renal function [47]. A retrospective 
study of patients undergoing liver transplant in 
regard to aetiology of renal dysfunction showed 
acute tubular necrosis as a cause of acute kidney 
injury with worst survival at 1 and 5 years after 
liver transplant compared to patients with hepa-
torenal syndrome [48]. Patients with hepatorenal 
syndrome recover their renal function after liver 
transplantation while patients with acute tubular 
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Stage 1

Acute kidney injury

Monitor the patient on an hourly basis

Eliminate risk factors

Treat electrolyte imbalance

Balance body fluids

Patient stabilised Symptoms worsen

Monitor regularly, treat the
cause and symptomatically

Withdraw diuretic and
treat with albumin and

antibiotics

Stage 2 and 3

Acute kidney injury

Withdraw diuretic and treat with albumin
and antibiotics

Symptoms worsen

Monitor regularly, treat the
cause and symptomatically

Evaluate for HRS

Does not meet criteria for
HRS, treat foe other causes of

AKI

Criteria met for HRS, Treat with
vasoconstrictors and Albumin

Patient stabilised

Flow Chart 11.2 Algorithm for the management of renal issues in liver pathologies [14]
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necrosis (intrarenal causes) do not recover their 
renal functions post-liver transplant and would 
need simultaneous liver and kidney (SLK) trans-
plant [31, 48]. Biomarkers such as NGAL, KIM- 
1, IL-18, ET-1 and FABP-2 have shown promise 
in making an early diagnosis of acute kidney 
injury and predicting reversal of acute kidney 
injury. Studies show that biomarkers have been 
successful in distinguishing acute tubular necro-
sis from prerenal aetiology of acute kidney injury 
[49]. The data on the use of biomarkers among 
patients with liver pathologies and receiving a 
liver transplant is limited. Conventional parame-
ters such as serum creatinine, GFR and urine out-
put along with biomarkers would be ideal for 
evaluation in patients with liver pathologies to 
avoid complications in all the phases of 
treatment.
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12Preoperative Assessment 
and Optimization of Liver 
Transplant Patients: Pulmonary 
Issues

Anjali Gera and Deepanjali Pant

12.1  Introduction

Chronic liver disease is one of the common 
causes of morbidity and mortality in adults. Liver 
transplant is the only management for end-stage 
liver disease (ESLD) and has evolved rapidly 
since the first successful transplant in 1967. The 
post-liver transplant survival rate has improved 
over last few decades, despite increasing donor 
and recipient age. For best possible outcomes, 
patients for liver transplant must be carefully 
evaluated and optimized.

Pulmonary disorders are the most commonly 
encountered comorbidities in liver transplant 
patients. Pulmonary disorders also have a signifi-
cant impact on the prognosis of these patients. 
Respiratory symptoms may occur as a complica-
tion of chronic liver failure or may be seen in 
these patients due to coexisting respiratory ill-
ness. Smoking and chronic obstructive pulmo-
nary diseases are very common in patients with 
liver failure. Moreover, certain liver diseases are 
associated with specific respiratory system 
abnormalities (like cystic fibrosis, sarcoidosis, α1 
antitrypsin deficiency, primary biliary cirrhosis). 
Patients with end-stage liver disease with long- 
standing tense ascites may develop intercostal 
muscle wasting leading to restrictive respiration.

Respiratory complications are very common 
after liver transplantation and are associated with 
increased morbidity and mortality. A thorough 
preoperative evaluation of the pulmonary system 
and a good understanding of the pathophysiology 
of the disorders are necessary to optimize them 
before the transplant surgery.

The MELD system of scoring liver disease is 
used for ranking the patients awaiting deceased 
donor transplant, but the score does not have any 
respiratory parameter. Certain pulmonary disor-
ders associated with liver failure affect the sur-
vival of these patients, so “standard MELD 
exceptions” have been made to upgrade the 
MELD score which include hepatopulmonary 
syndrome and portopulmonary hypertension.

Pulmonary disorders associated with liver 
failure and their management are discussed under 
the four main headings—hepatopulmonary syn-
drome (HPS), portopulmonary hypertension 
(PoPH), hydrothorax, and others.

12.2  Hepatopulmonary 
Syndrome

Hepatopulmonary syndrome is seen in advanced 
liver disease and is a clinical triad of hepatic dis-
ease, abnormal gas exchange, and intrapulmo-
nary vasodilatation (IPVD). HPS can also occur 
with noncirrhotic portal hypertension, acute and 
chronic hepatitis, acute liver failure, and 
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 congenital vascular abnormalities like cavopul-
monary shunts.

There are no specific symptoms of HPS but 
dyspnea, which is progressive, is the commonest 
complaint. Platypnea (dyspnea on standing and 
improved by lying supine) and orthodeoxia 
(decrease in arterial PO2 by 5% or ≥4  mmHg 
from supine to upright) are the hallmarks of 
HPS. Other features that are seen in HPS are spi-
der naevi, digital clubbing, cyanosis, nailbed tel-
angiectasia, and hypoxemia (not responding to 
100% O2).

The diagnosis of HPS in the setting of liver 
disease is done by gas exchange analysis and 
documentation of intrapulmonary vasodilatation.

Arterial blood gas analysis is done while 
breathing ambient air and alveoloarterial gradient 
≥15  mmHg (>20  mmHg in age >64  years), or 
PaO2  <  80  mmHg is diagnostic of oxygenation 
defect. Pulse oximetry may be used as a noninva-
sive screening test for hypoxemia in sitting posi-
tion. HPS may be classified as mild, moderate, or 
severe according to alveoloarterial pressure gra-
dient (Table 12.1).

Intrathoracic vasodilatation may be diagnosed 
by transthoracic contrast echocardiography, 
radionuclide lung perfusion scan, pulmonary 
angiography, or high-resolution CT scan. The 
preferred method is transthoracic contrast echo-
cardiography. In this technique, agitated saline 
(that creates microbubbles ≤10 μm in diameter) 
is injected intravenously and transthoracic echo-
cardiography is done. Normally the bubbles are 
not seen as they get absorbed in the lung, but if 
pulmonary vasodilatation or shunts are present 
they come to the left side of the heart. If bubbles 

appear within 3 heartbeats, it indicates intracar-
diac shunt and if it appears within 4–6 heartbeats 
it indicates intrapulmonary shunts (HPS).

Lung perfusion scanning using technetium- 
99- m labeled microaggregated albumin is another 
method of diagnosing HPS.  Normally Tc99m 
labeled albumin gets trapped in the lungs. In the 
presence of intrapulmonary shunts, it passes to 
systemic arteries and appears in the brain and 
kidneys. More than 6% uptake in the brain is sig-
nificant. However, the scan cannot differentiate 
between intrapulmonary and intracardiac shunt.

Pulmonary angiography may also be done for 
diagnosis but is not routinely done because of its 
invasive nature.

High-resolution CT scan has been used for 
demonstrating dilatation of pulmonary arteries 
[1].

12.3  Epidemiology 
and Pathophysiology

HPS is found in 5–30% of liver transplant patients 
[2]. HPS is not related to severity of liver disease 
or its etiology. History of smoking is more com-
mon in liver transplant patient with HPS than 
those without HPS [3]. Some studies have 
observed an association between HPS and abnor-
mal genes [4]. Since neither the etiology nor the 
severity of liver disease affects development of 
HPS, it contributes to the hypothesis of a genetic 
predisposition.

The hallmark of HPS is microvascular dilata-
tion of pulmonary vasculature. This results in 
passage of mixed venous blood into systemic 
circulation and results in hypoxemia, ventila-
tion–perfusion mismatch, shunting, and diffu-
sion limitation. The exact cause of this 
vasodilatation is not clear and is multifactorial. 
Liver injury or portal hypertension triggers the 
release of vasoactive mediators like nitric oxide 
(NO), heme oxygenase-derived carbon monox-
ide, and tumor necrosis factor alpha which result 
in pulmonary vasodilatation or angiogenesis. 
Other mechanisms include failure of damaged 
liver to clear vasodilators (like vasoactive intesti-
nal peptides and other substances synthesized by 

Table 12.1 Classification of disease severity in hepato-
pulmonary syndrome

Disease 
severity

Alveolar arterial 
gradient 
(mmHg)

PaO2 (room 
air) 
(mmHg)

PaO2 (100% 
O2) 
(mmHg)

Mild ≥15 or >20 if 
age >64 years

≥80
Moderate 60–79
Severe 50–59
Very 
severe

<50 <300

PaO2 partial pressure of oxygen in arterial blood
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Normal
Capillaries

Dilated
Capillaries

AlveolusAlveolus

b

aFig. 12.1 (a) Chest PA 
view showing increased 
vascularity in the lung 
parenchyma. (b) Dilated 
pulmonary capillaries in 
hepatopulmonary 
syndrome

intestinal bacteria) or inhibition of circulating 
vasoconstrictors. Portal hypertension may 
decrease gut perfusion allowing translocation of 
bacteria and presence of endotoxin in portal 
blood. The key vasodilator involved in HPS is 
nitric oxide (NO). In a study on 45 patients with 
cirrhosis, those who met the diagnosis of HPS 
had high value of exhaled NO and there was cor-
relation between exhaled NO and alveoloarterial 
oxygen difference [5, 6].

Regardless of the exact mechanism, these 
pathophysiological processes induce pulmonary 
capillary vasodilatation and direct arteriovenous 
connections. Increased blood flow through 
IPVDs with preserved alveolar ventilation results 
in ventilation–perfusion mismatch. At room air, 
partial pressure of oxygen is not sufficient for 
equilibrium with blood moving in the center of 
dilated capillary (because of increased diameter) 
resulting in hypoxia (Fig. 12.1a).

HPS-related hypoxemia is because of intrapul-
monary shunting, ventilation–perfusion mismatch, 
impaired hypoxic pulmonary vasoconstriction 
(HPV), oxygen diffusion limitation, and atelecta-
sis. Platypnea and orthodeoxia is caused by prefer-
ential perfusion of IPVDs, which occur 
disproportionately in lung bases (Fig. 12.1b) [6].

12.4  Portopulmonary 
Hypertension

Portopulmonary hypertension (PoPH) is charac-
terized by pulmonary hypertension in a patient 
with coexisting portal hypertension and no alter-
native cause of pulmonary hypertension (like idio-
pathic heritable pulmonary hypertension, collagen 
vesicular disease, congenital heart disease, human 
immunodeficiency virus or drugs). The criteria for 
diagnosing this hemodynamic condition are [7]:

12 Preoperative Assessment and Optimization of Liver Transplant Patients: Pulmonary Issues



150

• Mean pulmonary arterial pressure (mPAP) > 
25 mmHg at rest

• Pulmonary vascular resistance (PVR)  >3 
Wood units (240 dynes/s/cm5)

• Pulmonary arterial wedge pressure (PAWP) <15  
mmHg

The gold standard for diagnosing POPH is 
right heart catheterization. Excluding other 
causes of pulmonary arterial hypertension (PAH) 
like chronic thromboembolic pulmonary hyper-
tension, sleep-disordered breathing, diastolic 
dysfunction, and significant obstructive and 
restrictive lung diseases is also important to make 
the diagnosis. An elevated PVR is important in 
making the diagnosis and to distinguish patients 
with precapillary disease from those who have 
passive elevation in mPAP due to hyperdynamic 
circulatory changes associated with chronic liver 
disease. It can be explained by the simple for-
mula [8]:

 
mPAP CO PVR PAWP= ´( ) +  

PoPH always occurs in chronic liver disease 
with portal hypertension. A few cases have been 
reported in patients in absence of portal hyperten-
sion [9] and in patients without hepatitis [10]. 
Diagnosis of portal hypertension is usually clini-
cal but it can be confirmed by hepatic venous 
catheterization, if necessary.

A PVR of 3 Wood units is used for diagnosing 
PoPH but in presence of hyperdynamic circula-
tion, PVR between 2 and 3 Wood units is consid-
ered abnormal and has poor outcomes [11].

PoPH has been classified as mild, moderate, 
and severe based on the severity of pulmonary 
artery hypertension (Table 12.2).

12.5  Epidemiology

PoPH is seen in 5–6% of liver transplant patients 
[12]. Usually it is seen equally in males and females; 
some studies have shown higher incidence in 
females [13]. Autoimmune hepatitis is a clinical risk 
factor for PoPH [13]. Because of the infrequent or 
sporadic occurrence of this hemodynamic entity in 
patients with portal hypertension, genetic predispo-
sition has been proposed. It has been found that 
mutations in the pathway involving estrogen signal-
ing, cell growth, apoptosis, and oxidative stress play 
a role [14]. The prevalence of PoPH is not influ-
enced by the severity of liver disease.

12.6  Pathophysiology

The exact cause of development of PoPH is not 
known although many theories have been pro-
posed like:

 1. A humoral substance with vasoactive prop-
erty (which is normally metabolized in the 
liver) reaches pulmonary circulation through 
portosystemic circulation and causes pulmo-
nary hypertension. These mediators are sero-
tonin, interleukin 1, endothelin 1, glucagon, 
secretin, thromboxane β2, and vasoactive 
intestinal peptide [15].

 2. Thromboembolism from portal venous sys-
tem: according to this theory, blood clots pass 
from the portal system to pulmonary circula-
tion through shunts [16].

 3. The hyperdynamic circulation in chronic liver 
disease may cause PoPH. High cardiac output 
and increased blood flow through pulmonary 
vasculature cause sheer stress with vasocon-
striction, hypertrophy, and proliferation of 
endothelial cells, resulting in pulmonary arte-
rial hypertension [17]. However, this theory is 
not supported by studies that show increased 
blood flow is readily accommodated by pul-
monary vasculature [18].

Table 12.2 Classification of PoPH according to severity

Severity mPAP (mmHg) PVR (Wood unit)
Mild 25–34 >3
Moderate 35–44
Severe ≥45
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 4. Certain inflammatory mediators like IL1 β, 
IL-6, and TNF-alpha are increased in cirrhotic 
patients [19].

 5. For hereditary pulmonary hypertension, a 
specific gene has been identified. For PoPH, 
specific genetic defect has not been found but 
several pathways have been proposed that 
may cause vascular pathology in these cases.

Histopathological findings of PoPH are indis-
tinguishable from pulmonary hypertension and 
include medial hypertrophy, remodeling of pul-
monary arterial walls, and in situ thrombosis.

12.7  Diagnosis

These patients are asymptomatic at early stage of 
the disease. The most common symptoms are 
progressive dyspnea and worsening fatigue. They 
may have peripheral edema, chest pain, syncope, 
or near syncope. On physical examination they 
have raised jugular venous pressure, loud pul-
monic component of second heart sound, a sys-
tolic murmur on left sternal border (because of 
tricuspid regurgitation), right ventricular heave, 

and right-sided fourth heart sound. They may 
have ascites and peripheral edema. In PoPH 
patients, presence of peripheral edema and asci-
tes is not indicative of its severity whereas in 
patients with idiopathic PH, these features reflect 
the severity of the disease.

The electrocardiogram reveals right axis devi-
ation and right ventricular hypertrophy and may 
reveal right bundle branch block. Chest X-ray 
may demonstrate enlarged pulmonary arteries 
and cardiomegaly.

Patients with PoPH usually have mild hypoxia 
even when they have moderate to severe disease 
in contrast to HPS [20].

Transthoracic echocardiography is a specific 
test and is most commonly used in the diagnosis 
of PoPH and to rule out other causes of pulmo-
nary hypertension. To exclude other causes of 
pulmonary hypertension like venous or arterial 
thromboembolism, ventilation–perfusion scan or 
computed tomography pulmonary angiography 
may be done. Right heart catheterization is the 
gold standard in the diagnosis and evaluation of 
PoPH.

Clinical features of HPS and PoPH are enu-
merated in Table 12.3.

Table 12.3 HPS versus PoPH

HPS PoPH
Diagnosis Triad of Pulmonary and portal hypertension

Liver disease mPAP > 25 mmHg
Hypoxemia: P(A-a) > 15 mmHg PVR > 3 Wood units
IPVD PAWP < 15 mmHg

Symptoms Dyspnea, platypnea, orthodeoxia Fatigue, dyspnea on exertion, orthopnea
Clubbing, cyanosis, spider 
angiomas

Right heart failure (raised JVP, prominent P2, tricuspid 
regurgitation murmur, lower extremity edema)

Chest X-ray Usually normal Cardiomegaly
Hilar enlargement

Diagnostic 
tools

Contrast echocardiography Right heart catheterization
Technetium-99 labeled 
macroaggregated albumin scan

Echocardiography

Pulmonary angiography
PFT Decreased DLCO Decreased DLCO
Treatment Oxygen supplementation Vasodilators (epoprostenol, iloprost, sildenafil)

Liver transplant Liver transplant (for mild to moderate)
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12.8  Hepatic Hydrothorax

Hepatic hydrothorax (HH) is a manifestation of 
advanced liver disease and occurs in 5–12% of 
patients [21]. It is defined as accumulation of 
fluid in pleural space (usually >500 mL) in the 
absence of cardiac, pulmonary, or pleural dis-
eases. It usually occurs in conjunction with asci-
tes; however it may occur in the absence of 
ascites [22]. In the presence of ascites, the perito-
neal fluid enters the thoracic cavity through 
microscopic openings in the tendinous part of the 
diaphragm. Cyclic negative intrathoracic pres-
sure along with openings in diaphragm allows 
unidirectional passage of fluid from peritoneal to 
pleural cavity. HH becomes apparent when the 
absorptive capacity of pleural space is exceeded. 
It is usually right sided because congenital dia-
phragmatic fenestrations are more common in 
right hemidiaphragm, and left hemidiaphragm is 
thicker and muscular.

In the absence of ascites, the mechanism of 
fluid collection in the thoracic cavity is the same. 
In these cases, the reabsorption capacity of pleura 
is same as the accumulation of ascitic fluid, so 
ascites collection does not occur [23]. The mech-
anism of collection of fluid has been confirmed 
by demonstration of unidirectional passage of 
markers like 99mTc-human albumin or 99mTc- 
sulfur colloid from the peritoneal cavity to the 
pleural cavity [24, 25].

The fluid collected in HH is transudative in 
nature. Patients with HH may develop spontane-
ous bacterial empyema (SBE), similar to sub-
acute bacterial peritonitis.

The symptoms of HH are nonspecific—dys-
pnea, nonproductive cough, and pleuritic chest 
pain and fatigue.

Thoracocentesis is done to establish the diag-
nosis and to exclude the other causes of pleural 
effusion, like infection, thromboembolic dis-
eases, or metastatic carcinoma. Thoracocentesis 
also helps to relieve symptoms. Computed 
tomography is done to rule out lung or pleural 
lesion. Doppler ultrasonography may be done to 
evaluate portal and hepatic vessels patency.

Management of hepatic hydrothorax is similar 
to ascites. Diuretics and salt restriction are the 

first line of management. The aim of manage-
ment is to relieve symptoms and to prevent infec-
tion and complications. Therapeutic 
thoracocentesis and paracentesis may be required 
before liver transplant surgery.

Refractory hydrothorax refers to persistent 
pleural effusion despite salt restriction <2 g/day 
and high-dose diuretic therapy and repeated tho-
racocentesis [26]. In these cases, transjugular 
intrahepatic portosystemic shunt (TIPS) may be 
considered to control pleural effusion.

Although hepatic hydrothorax is not an indi-
cation for liver transplant, it improves after the 
transplant surgery [26].

12.9  COPD and Smoking

Chronic obstructive pulmonary disease (COPD) 
is very common in patients undergoing liver 
transplantation. Old age and smoking are signifi-
cant risk factors of COPD and have adverse con-
sequences on the functional status and quality of 
life in these patients. Smoking is also commonly 
seen in patients undergoing liver transplant. 
According to a multicenter study, 60% of liver 
transplant candidates had a history of past or 
present smoking [27]. It is very important to opti-
mize COPD and smoking in patients undergoing 
transplant because perioperative outcomes may 
be compromised. Moreover, smoking has been 
shown to increase the risk of malignancy [28].

COPD is characterized by progressive airflow 
limitation that is not fully reversible. These 
patients have dyspnea, exercise limitation, sus-
ceptibility to infections, and exacerbations. They 
have abnormal blood gases and pulmonary func-
tion tests. Patients with advanced liver disease 
also have abnormal pulmonary functions. Their 
lung volumes are decreased because of hepato-
megaly, ascites, pleural effusion, and basal atel-
ectasis. It is important to have prebronchodilator 
and postbronchodilator spirometry in patients 
suspected to have COPD to confirm the diagno-
sis. Postbronchodilator FEV1/FVC ratio less 
than 0.7 indicates airflow limitation.

The BODE index is a multidimensional sys-
tem for the assessment of COPD severity and 
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prognosis. This is calculated based on weight 
(BMI), airway obstruction (FEV1), dyspnea 
score (mMRC), and exercise capacity (6  min 
walk distance) and has been used to assess an 
individual’s risk of death.

12.10  Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is a common dis-
order characterized by repetitive nocturnal 
breathing cessation due to upper airway collapse. 
Recent studies have demonstrated that OSA is 
associated with the development and evolution of 
nonalcoholic fatty liver disease (NAFLD), inde-
pendent of obesity or other shared risk factors 
[29]. It is very important to properly diagnose 
and manage OSA before taking up these patients 
for surgery. Untreated OSA leading to hypoxia 
and hypercapnia may present challenges to post-
operative weaning from ventilator.

Preoperative screening using STOP-BANG 
questionnaire and sleep study must be done in 
patients at risk for OSA. CPAP should be initi-
ated from the preoperative period in patients with 
severe OSA, and sedative medications including 
opioids must be used carefully.

12.11  Interstitial Lung Disease

Interstitial lung disease (ILD) is a group of disor-
ders that causes fibrosis of the lungs. ILD is char-
acterized by four manifestations: (1) respiratory 
symptoms such as shortness of breath and cough, 
(2) specific chest radiographic abnormalities, (3) 
decreased lung capacity and restrictive PFT, (4) 
characteristic inflammation and fibrosis of 
interstitium.

ILD is associated with primary biliary cirrho-
sis and autoimmune hepatitis [26]. In telomerase 
mutations, ILD and cryptogenic CLD may occur 
concomitantly. Liver transplant does not improve 
ILD, rather it continues to progress after trans-
plant. Antifibrotic drugs may improve ILD, but 
does not cure it completely. Liver transplant is 
contraindicated in moderate to severe ILD.

12.12  Alpha1 Antitrypsin 
Deficiency

Alpha1 antitrypsin deficiency (AAT) is a genetic 
disorder caused by the deficiency of alpha1 anti-
trypsin, a serine protease inhibitor. Individuals 
with this disorder develop obstructive pulmonary 
disease, liver disease (cirrhosis and hepatocellular 
carcinoma), and rarely skin lesions (panniculitis).

Individuals having 2  M alleles have normal 
AAT structure and function, whereas Z and S 
alleles have abnormal AAT [30]. The liver dis-
ease in this disorder occurs due to accumulation 
of abnormal AAT in the hepatocytes [31]. 
Emphysema results from an imbalance between 
neutrophil elastase in the lung that destroys elas-
tin and the elastase inhibitor AAT that protects 
against proteolytic degradation of elastin [32].

Cigarette smoking and lung infections 
increase the elastase load in lungs further leading 
to lung degradation. The clinical features of AAT 
deficiency are similar to usual COPD except that 
its onset is at younger age and emphysema is 
panlobular or basilar and family history of 
emphysema may be present.

Liver transplant in these patients results in the 
normalization of AAT levels and function. 
However despite normal levels of AAT after liver 
transplant, FEV1 continues to decline unexpect-
edly in some ZZ or SZ patients [30].

12.13  Arteriovenous 
Malformations (AVM)

Hereditary hemorrhagic telangiectasia (Osler–
Weber–Rendu syndrome) is an autosomal domi-
nant disorder characterized by arteriovenous 
malformations in organs like liver, lung, brain, 
and gastrointestinal tract. It has a variety of clini-
cal manifestations like epistaxis, gastrointestinal 
bleeding, iron deficiency anemia, and mucocuta-
neous telangiectasia.

Pulmonary AVM allow systemic venous blood 
to bypass pulmonary circulation and result in 
embolic stroke, brain abscess, and migraines. 
Cerebral AVMs can cause hemorrhagic stroke. 
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Hepatic AVMs can result in high output heart 
failure, portal hypertension, and biliary necrosis 
and require liver transplant. In patients with high 
output failure associated with hepatic AVM, bev-
acizumab has been shown to reduce cardiac out-
put and quality of life [33]. Embolization of 
hepatic AVMs can also be done but may cause 
ischemic biliary necrosis.

12.14  Pulmonary Nodules

Pulmonary nodules may be detected during rou-
tine preoperative evaluation of liver transplant 
patients. A biopsy of the nodule is mandatory for 
diagnosis and further management. It can be pri-
mary lung malignancy or metastatic liver malig-
nancy (HCC) or may represent granulomatous 
infection. In case it is granulomatous infection, it 
must be treated before transplant. However there 
is a possibility that the infection may be reacti-
vated after transplant (immunosuppressive 
medication).

In metastatic HCC, liver transplant is contra-
indicated. In case nodules are >10 mm in diame-
ter FDG-PET can be helpful in evaluation. If 
nodules are <10  mm in diameter, CT scan is 
preferable.

If pulmonary nodules are detected after the 
transplant surgery in HCC patients, they are man-
aged with surgical excision of the nodules [26].

12.15  Preoperative Assessment

12.15.1  History

A carefully obtained detailed history from the 
patients scheduled for liver transplant is a must 
and helps in the diagnosis of diseases unrelated to 
liver failure. The most common pulmonary 
symptom in these patients is dyspnea, which can 
be multifactorial [8] (Table 12.4). It is important 
to ask the patient about the duration of symptoms 
and relieving or aggravating factors. Other asso-
ciated symptoms like orthopnea, platypnea, 
cough, wheezing, chest pain, and edema should 
be asked for and should be characterized. 

Dyspnea associated with cough with expectora-
tion and wheezing indicates presence of COPD, 
bronchial asthma, or ILD. Dyspnea relieved with 
paracentesis is due to ascites. Dyspnea associated 
with platypnea suggests HPS. History of smok-
ing should be elicited and if present, patient 
should be advised to quit before surgery.

Occupational hazards like exposure to asbes-
tos may be present and can lead to ILD. These 
patients present with progressive dyspnea.

Symptoms like snoring, disturbed sleep, and 
daytime sleepiness suggest OSA, and appropriate 
measures should be taken to optimize the disor-
der. These patients may have difficulty in extuba-
tion during the postoperative period.

A positive family history helps in diagnosing 
α1 antitrypsin deficiency and hereditary hemor-
rhagic telangiectasia.

12.15.2  Physical Examination

A thorough physical examination of the patient 
provides clue to the diagnosis of pulmonary dis-
orders. On general examination, patient’s weight 
and BMI must be checked and recorded as it is 
important to screen for OSA [34]. If history of 
snoring and sleep breathing disorder is there, 

Table 12.4 Causes of dyspnea in patients with liver 
disease

Due to liver disease per se
1.  Hepatopulmonary syndrome
2.  Portopulmonary syndrome
3.  Hepatic hydrothorax
4.  Interstitial lung disease (associated with primary 

biliary cirrhosis)
5.  Alpha1 antitrypsin deficiency (panlobular 

emphysema)
6.  Arteriovenous malformations
7.  Pulmonary nodules (metastatic)
8.  Ascites (causes atelectasis and muscle wasting)
9.  Cardiomyopathy (cirrhotic)

10.  Severe anemia
Not related to liver disease
1.  Chronic obstructive pulmonary disease
2.  Restrictive pulmonary disease
3.  Obstructive sleep apnea (OSA)
4.  Cardiac disease
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STOP-BANG questionnaire helps in screening 
for OSA.

On general examination, finger clubbing, 
peripheral cyanosis, nail telangiectasia, and spi-
der angiomatosis may be present and point 
towards presence of HPS. The presence of periph-
eral edema may be because of right heart failure.

Airway assessment and neck examination 
must be done to screen for difficult intubation. 
These patients have deranged coagulation, so 
intubation should be smooth and atraumatic.

In cardiovascular examination, the presence of 
systolic murmur at left sternal border, loud pul-
monic component of second heart sound, right 
ventricular heave, and raised JVP suggests the 
presence of pulmonary hypertension.

In respiratory system examination, we should 
look for adventitious breath sounds like rhonchi, 
crepts, and crackles. These may suggest the pres-
ence of COPD and ILD.

Pulse oximetry shows decreased saturation in 
patients with liver failure and indicates hypox-
emia. Fall in oxygen saturation with change in 
position from supine to upright is seen in HPS 
and requires further evaluation.

12.15.3  Laboratory Investigations

Laboratory investigations help us in the evalua-
tion of disease and establishing the diagnosis. 
Although not directly affecting pulmonary 
assessment, MELD scoring helps us in staging 
the liver failure and urgency of liver transplanta-
tion. In patients with high MELD score requiring 
urgent liver transplantation, any concomitant pul-
monary disease must be identified and optimized 
early for better outcome.

α1 antitrypsin levels and genotypic analysis 
(for M, S, Z alleles) must be done in patients with 
suspected α1 antitrypsin deficiency.

Patients with suspected OSA must undergo 
overnight pulse oximetry, which is a simple 
screening method [35]. It is important to identify 
this disorder, as this may delay extubation and 
will add to the pulmonary complications. These 
patients may have to undergo sleep study or poly-

somnography and may be advised noninvasive 
BiPAP/CPAP till they undergo transplantation.

ABG is done in patients with end-stage liver 
disease as a part of evaluation to look for 
hypoxia and hypercapnia, which may be due to 
hypoventilation. In case of HPS, orthodeoxia is 
present in which PaO2 decreases by more than 
5% or 4 mmHg in upright position. Although 
this is seen in only 25% of the patients, it is a 
significant finding [36]. ABG is also done to 
assess the severity of HPS.

NT-pro brain natriuretic peptide is a useful 
prognostic indicator in patients with PoPH [37].

Chest X-ray is done as a routine investigation in 
patients undergoing transplant. Hepatic hydro-
thorax, COPD, or any lung lesion may be diag-
nosed with chest X-ray. In a country like India 
where pulmonary tuberculosis is so common, 
chest X-ray may reveal old tubercular infection. 
Any active infection needs to be treated. In case 
any parenchymal lesion is found on chest X-ray, 
computed tomogram (CT) may be done to 
define the lesion.

Electrocardiogram (ECG) is another routine 
investigation done in all patients to assess cardiac 
rate, rhythm, and any ischemic changes. Any 
chamber enlargement or bundle branch block 
may be seen in ECG.

Pulmonary function test (PFT) is done in all 
the patients undergoing liver transplant as a part 
of pulmonary assessment. Interstitial fluid collec-
tion, pleural fluid, and liver cirrhosis all lead to 
abnormalities in PFT.  All the parameters like 
FEV1, FVC, and FEV1/FVC and FEF 25–75% 
may be affected in these patients.

In case the patient has any respiratory symp-
tom, PFT helps in evaluating whether it is restric-
tive or obstructive lesion. Moreover, it tells about 
bronchodilator responsiveness in obstructive 
lesion. Patients with ILD have restrictive defects 
and must undergo PFT to assess functional capac-
ity of the lungs. These patients also have reduced 
diffusion capacity of CO.
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Echocardiography is done in all patients under-
going transplant [38]. As regards pulmonary sys-
tem evaluation, transthoracic echocardiography 
(TTE) is a screening test in PoPH for assessing 
right ventricular size and function and to evaluate 
right ventricular systolic pressure. Patients await-
ing transplant with normal echocardiography must 
repeat TTE once a year. Various studies have given 
different threshold values of right ventricular sys-
tolic pressure (RVSP) which should prompt fur-
ther investigation like right heart catheterization. A 
value of 38–50 mmHg in presence of right ven-
tricular dilatation or dysfunction has been sug-
gested as a cutoff value for further evaluation [39]. 
Recent guidelines by American Association for the 
study of Liver Diseases (AASLD) recommend 
right heart catheterization in patients with 
RVSP ≥ 45 mmHg [38].

Right heart catheterization is an invasive pro-
cedure that is done, when indicated, to confirm 
the diagnosis of PoPH. The prerequisite for this 
invasive procedure involves platelet counts 
≥50,000 and INR < 1.5. It may be done as a day-
care procedure. Swan-Ganz catheter is inserted 
into central vein and placed in pulmonary artery 
and is used to measure mPAP and PACW. Cardiac 
output is measured using thermodilution or Fick 
method, and pulmonary vascular resistance is 
measured using the formula:

 
PVR mPAP PAWP CO= -( ) /  

It is very important to calculate PVR in 
patients suspected to have PoPH.  PVR reflects 
right heart afterload and if it is increased it means 
right heart failure is present and this will cause 
increased central venous pressure. This will be 
transmitted backward and will cause hepatic 
venous congestion and graft failure.

When PAP is >25  mmHg, PAWP is 
<15 mmHg, and PVR is >3 Wood units, diagno-
sis of PoPH is made.

Contrast echocardiography is a technique 
used to evaluate intracardiac or intrapulmonary 
shunting. Agitated saline is the most commonly 

used contrast. The gas microbubbles are short 
lived and diffuse into the lungs while traversing 
the pulmonary circulation. Whenever gas bubbles 
appear on the left side of the heart (visualized as 
opacification), it means either there is intracar-
diac shunt or intrapulmonary arteriovenous mal-
formation leading to shunting. For detection of 
intrapulmonary shunt, the gas bubbles must be 
smaller in size (<10 μm diameter) [40]. The agi-
tated saline is administered intravenously, and 
the appearance of bubbles on the left side within 
one or two cardiac cycles means presence of 
intracardiac shunt. If the bubbles are visualized 
after three or more cardiac cycles, it indicates 
intrapulmonary shunting [2]. According to 
American Society of Echocardiography guide-
lines, an alternative name for echocardiographic 
contrast agents as Ultrasound enhancing agents 
(UEAs) has been given [41].

Macroaggregated Albumin Technetium-99m- 
labeled macroaggregated albumin (99mTc 
MAA) lung perfusion scanning is an alternative 
method of confirming intrapulmonary shunt in 
HPS. 99mTcMAA is injected intravenously and 
in normal conditions it gets trapped in pulmo-
nary circulation. The normal diameter of lung 
capillary vessel is less than 8–15 μm. Agitated 
saline creates bubbles greater than 10  μm in 
diameter that do not normally pass the lung cap-
illaries. Scans showing radionuclide uptake by 
the brain or kidney indicate shunting and if the 
uptake is >6%, it is consistent with HPS. Unlike 
contrast echocardiograph, it does not differenti-
ate between intracardiac and intrapulmonary 
shunts. However, concomitant transesophageal 
echocardiography may be used to visualize the 
source of microbubbles in the left heart [2]. 
99mTc MAA may be used to quantify the shunt 
fraction in patients with HPS. Patients with shunt 
fraction more than 20% have higher periopera-
tive mortality. This method is also useful to dif-
ferentiate hypoxemia due to concomitant liver 
disease and due to intrapulmonary shunting 
(HPS) [42].

Another test used to assess pulmonary status 
in patients with liver disease is 6-min walk test. 
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Although nonspecific, it indicates physical func-
tion and may be used for therapeutic response in 
patients with pulmonary dysfunction. During the 
6-min walk test, a healthy individual can walk up 
to 400–700 m [43]. In patients undergoing trans-
plant, the walk distance <250  m is associated 
with poor outcome [44].

12.16  Management

12.16.1  HPS

This life-threatening complication of advanced 
liver disease usually develops insidiously. 
However, this insidious progression with stable 
nature of CLD often leads to delay in diagnosis 
and listing for LT.

The definitive treatment of HPS is liver trans-
plantation. For mild to moderate HPS, oxygen 
support to maintain saturation >89% is the most 
effective therapy. Otherwise once the diagnosis is 
made and till the patient undergoes transplanta-
tion supportive management is initiated.

Other therapies that have been tried with vari-
able effect on improvement of gas exchange in 
HPS are spring coil embolization (to physically 
occlude shunts), octreotide, nitric oxide synthase 
inhibitors, indomethacin, almitrine bismesylate, 
methylene blue (inhibits NO stimulated guanyl-
ate cyclase), alum sativum (garlic), propranolol, 
plasma exchange, and pentoxifylline [7].

In patients with mild HPS with resting 
PaO2 > 55 mmHg or SpO2 > 88%, oxygen sup-
port is not required unless they have exercise- 
induced or nocturnal hypoxemia. In these 
patients, 6-min walk test or nocturnal saturation 
monitoring may be done.

The prognosis of patients with HPS is poor 
with increased mortality, regardless of oxygen-
ation status [3]. Due to poor quality of life and 
increased mortality, they should be considered 
for early liver transplantation, preferably before 
they have severe hypoxemia. Because of these 
reasons, HPS patients are eligible for “MELD 
exception policy.” In case of PaO2 < 60 mmHg on 
room air without clinical evidence of underlying 
pulmonary disease, presence of portal hyperten-

sion, and evidence of intrapulmonary vasodilata-
tion by TTE, a score of 22 is assigned. The score 
increases by 10% mortality equivalent points if 
repeat ABG shows PaO2 < 60 mmHg.

There is no lower cutoff limit of PaO2 that 
would preclude liver transplant. However some 
studies have reported that severe hypoxemia 
(PaO2 < 50 mmHg) and shunt fraction >20% are 
associated with increased mortality [45, 46].

The oxygenation usually improves after liver 
transplant, but the time course is variable. Some 
may improve within days after transplant; some 
may take 2–14 months. It may be related to the 
severity of pretransplant hypoxemia [45].

12.17  Portopulmonary 
Hypertension

Preoperative management of PoPH is complex 
and treatment should target portal hypertension 
as well as pulmonary hypertension. It should be 
done at experienced center with the goals to 
improve quality of life, exercise capacity, and 
survival of the patient. In liver transplant candi-
dates, additional goals are improvement in pul-
monary hemodynamics and right ventricular 
function to improve the outcomes of liver 
transplant.

General measures—like all patients with 
PAH, patients with PoPH should receive support-
ive measures like oxygen and diuretics. Oxygen 
is supplemented to maintain saturation >89%. 
They are counseled against smoking if positive 
history is there. They are encouraged to exercise 
as possible and receive vaccinations. 
Anticoagulants are generally not given to PoPH 
patients as they have coagulopathy, thrombocyto-
penia, and varices.

Patients with PoPH should receive treatment 
for portal hypertension. β blockers and TIPS are 
not indicated in these patients (management 
modality of portal hypertension). β blockers 
should be avoided as they can worsen right heart 
failure due to reduction in right ventricular output 
and increase in PVR [47]. TIPS can increase 
 preload to right ventricle and worsen heart fail-
ure. In moderate PoPH, TIPS should be avoided.
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Esophageal varices should be managed with 
banding. Balloon-occluded retrograde transve-
nous obliteration (BRTO) is a newer therapy in 
the management of acute bleeding from gastric 
varices.

12.18  Specific Therapy

12.18.1  PAH-Specific Therapy 
Includes

 1. Prostacyclin pathway agonist—Epoprostenol, 
Iloprost, Treprostinil, and Beraprost are 
used for pretransplant management of 
PoPH.  Epoprostenol is a potent vasodilator 
and is given as continuous intravenous infu-
sion (short half-life 3–5 min). Some common 
side effects of epoprostenol are diarrhea, nau-
sea, flushing, headache, jaw ache, and leg pain. 
The infusion should not be stopped abruptly 
as it may cause sudden rebound vasoconstric-
tion and elevation of PAP. Treprostinil can be 
given intravenously or by subcutaneous route. 
Iloprost can be given intravenously, orally, or 
by inhalation route. Selexipag, an, oral pros-
tacyclin agonist used in the treatment of pul-
monary hypertension has not been tested in 
patients with PoPH.

 2. Endothelin receptor antagonist—Bosentan, 
Macitentan, and Ambrisentan target endothe-
lin- 1 pathway. Bosentan has been shown to be 
effective in the management of PoPH [48]. 
However, it can cause liver injury, so monthly 
liver function tests are mandatory. 
Ambrisentan and Macitentan do not require 
frequent monitoring but baseline liver func-
tion tests must be done.

 3. Phosphodiesterase—5 inhibitors—the drugs 
in this group act through cAMP and nitric 
oxide pathway and cause vasodilatation. 
Sildenafil, Tadalafil, and Vardenafil are some 
of the agents. Sildenafil is a selective lung tis-
sue phosphodiesterase-5 inhibitor and is 
effective in reducing PAP in liver transplant 
patients. Combination therapy with two or 
three drugs may be given in severe PoPH.

 4. Guanylate cyclase stimulant—Riociguat is a 
guanylate cyclase stimulant.

 5. Calcium channel blockers—they are used in 
idiopathic PAH but avoided in PoPH. Calcium 
channel blockers may cause hypotension and 
splanchnic vasodilatation resulting in an 
increase in hepatic venous pressure gradient.

In the past, liver transplant was considered a 
contraindication for patients with PoPH but now 
transplant has been done successfully in patients 
with mild to moderate PoPH.  Although liver 
transplant is not a treatment for PoPH, but it can 
be done in these patients provided their PAH is 
treatment responsive. In some studies, improve-
ments in pulmonary dynamics have been reported 
after liver transplant in patients with treated 
PoPH [49].

In patients with mPAP  >  50  mmHg, liver 
transplant is absolutely contraindicated. 
Guidelines [2] recommend treatment of PoPH 
with PAH-specific therapy in patients with 
mPAP  >  35  mmHg with the aim to reduce 
mPAP < 35 mmHg, PVR to <2 Wood units, and 
improve right ventricular function.

MELD SCORE: As with HPS, patients with 
PoPH also receive MELD exception score of 22. 
Every 3 months, they undergo right heart cathe-
terization and get their score upgraded by 10% 
while they are on liver transplant wait list.

12.19  Hepatic Hydrothorax

Management of hepatic hydrothorax is similar to 
ascites. Diuretics and salt restriction are the first 
line of management. The aim of management is 
to relieve symptoms and to prevent infection and 
complications. Therapeutic thoracocentesis and 
paracentesis are done in symptomatic patients 
and may be required before liver transplant sur-
gery. Refractory hydrothorax refers to persistent 
pleural effusion despite salt restriction <2 g/day 
and high-dose diuretic therapy and repeated tho-
racocentesis [26]. In these cases, transjugular 
intrahepatic portosystemic shunt (TIPS) may be 
considered to control pleural effusion.
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Chest tube should not be inserted for HH only 
because it can result in massive protein and elec-
trolyte depletion, infection, renal failure, and 
bleeding [50]. Once inserted, it is very difficult to 
remove chest tube in these patients and also it has 
been associated with increased mortality and lon-
ger hospital stay [51]. Chest tube insertion is 
done in patients with SBE.

Pleurodesis is challenging in these HH, 
although it has been tried in patients with refrac-
tory HH. It is difficult to keep the two surfaces of 
pleura apposed for long time for inflammation to 
occur, as there is rapid filling of fluid in pleural 
cavity. Moreover this technique is associated 
with multiple complications [52].

Thoracoscopic mesh repair of diaphragmatic 
defects may be done for refractory HH [53].

12.20  Summary

In patients undergoing liver transplantation, pul-
monary diseases are common and invariably 
affect prognosis. A thorough preoperative evalua-
tion and management of pulmonary issues is 
mandatory in these patients to improve outcome.
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13Coagulation in Liver Disease

Vijay Vohra

13.1  Introduction

The liver plays an important role in coagulation 
pathways which is involved in primary and sec-
ondary tertiary haemostasis. It is the site of pro-
duction for most of the coagulation factors except 
for von Willebrand factor (vWf) which is synthe-
tised by the vascular endothelium. The liver also 
produces anticoagulant factors—Anti-thrombin 
III, Protein C and Protein S.  Patients with 
advanced liver disease are associated with impair-
ment of coagulation. Normally there is a balance 
between procoagulant and anticoagulant system 
which can be disturbed during progression of 
liver disease. As the liver disease advances mul-
tiple changes occur in the haemostatic system, 
thereby leading to reduced level of both proco-
agulative and anticoagulative factors—which 
were being synthetised by the hepatocytes and 
sinusoidal cells. In addition to this there could be 
deficiency of vitamin K which leads to abnormal 
clotting factor production as this vitamin (vita-
min K) is required for gamma carboxylation. So 
the coagulation factors produced by the liver, 
which is already damaged, produce clotting fac-
tors which may be abnormal in nature. In End 
Stage Liver Disease (ESLD) there is also reduced 

capacity to clear the activated clotting factors and 
their inhibitor complexes from the circulation. So 
the overall effect of the liver disease is quite com-
plex and can lead to bleeding as well as throm-
botic complications. As the disease progresses it 
leads to development of portal hypertension 
which results in splenomegaly and thrombocyto-
penia. Thrombocytopenia can further be accentu-
ated due to decreased synthesis of thrombopoietin 
in the failing liver.

13.2  Haemostasis in Health

Haemostasis is a physiological process whereby 
coagulation is initiated when there is a breach in 
the integrity of the vessel wall leading to clot for-
mation and minimizing bleeding. This is fol-
lowed by appropriately timed lysis of this clot 
and restoring normal circulation. The coagula-
tion and clot dissolution are inter-linked and are 
regulated in a precise manner with their own 
inhibitors being activated in the process. The out-
come of this finally balanced process may result 
in bleeding or thrombosis.

The haemostatic balance is dependent on a 
very complex interaction between pro- and anti-
coagulants as well as the effect of fibrinolytic 
proteins. The process of coagulation starts when 
tissue factor is exposed on sustaining injury to 
the vessel wall. This leads to activation of Factor 
VIIa which further activates Factor X–Xa. 
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Thrombin is generated by the effect of Factor Xa 
on prothrombin (Factor II). Protein C, S and anti- 
thrombin have an inhibitory effect on thrombin 
generation (Fig. 13.1).

Thrombomodulin also plays an important part 
in haemostasis. This glycoprotein is present on 
the endothelial surface and acts as an anticoagu-
lant by activating protein C. Activated protein C 
has an inhibitory effect on thrombin [1].

There are complex enzymatic reactions taking 
place simultaneously through the tissue factor 
pathway (extrinsic pathway) as well as intrinsic 
pathway (contact activation pathway). Besides 
other factors involved, fibrinogen and platelets 
are two very important ingredients required to 
repair the damage to the injured vessel wall.

Standard laboratory tests of coagulation—
Prothrombin Time (PT) or International 
Normalized Ratio (INR) and Activated Partial 
Thromboplastin Time (APTT)—guide the man-
agement of patients with deranged coagulation. 
There are many limitations to these tests includ-

ing a long turnaround time when prompt treat-
ment of bleeding is required. A ratio of 1.5 times 
the normal of PT/APTT is considered abnormal 
and may warrant correction depending on the 
clinical status. PT primarily gives information 
about intrinsic pathway whereas APTT is influ-
enced by the processes involved in the intrinsic 
pathway (Fig. 13.2).

Information received from PT or APTT is gen-
erally used for assessing bleeding risk or when an 
invasive procedure/surgery is to be performed. It 
should be kept in mind that PT and APTT are 
plasma-based coagulation tests and they were 
initially designed to monitor treatment with vita-
min K antagonists and heparin therapy. These 
tests therefore have limited value in assessing 
peri-operative bleeding risk. Another whole 
blood coagulation test Viscoelastic Test probably 
would give better information on management of 
bleeding patients and guiding therapy on the 
basis of abnormalities seen on thromboelastogra-
phy (TEG).
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Fig. 13.2 Coagulation and conventional testing. PT—extrinsic pathway primarily, APTT—intrinsic pathway mainly

13.3  Coagulation in Chronic Liver 
Disease

The haemostatic system in liver disease patients 
affects the initial clot formation, secondary clot 
formation as well as tertiary haemostasis. All 
three phases of coagulation are altered in liver 
disease patients to a varying degree, disease aeti-
ology playing an important role.

In primary haemostasis, the vessel wall injury 
results in exposure of platelet adhesion protein to 
the platelets which results in the formation of a 
platelet plug. Release of tissue factor leads to 
activation of coagulation cascade in the plasma 
and quickly results in the formation of a fibrin 
mesh. In chronic liver disease there is thrombo-
cytopenia due to various reasons which can alter 

the primary haemostasis—platelet plug forma-
tion. To counter this there is high level of vWf. 
The elevated levels of vWf are as a result of 
endothelial activation. Activity of vWf is 
enhanced further because of reduced clearance 
by the cirrhotic liver as well as increased synthe-
sis in the liver.

As the coagulation cascade gets activated dur-
ing secondary haemostasis, complex reactions 
involving both pro- and anti-haemostatic proteins 
come into play (Fig. 13.1) [2].

The coagulation factors II, V, VII, IX and XI 
are reduced in patients with chronic liver disease 
but on the other hand factor VIII levels are often 
elevated [3]. This is due to increased synthesis 
from extrahepatic sites such as spleen, kidney 
and lung [4]. Factor VIII activity is further 
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enhanced due to increased level of vWf which is 
the carrier protein for factor VIII. The clearance 
of activated factor VIII is also reduced in the fail-
ing liver. Counting the decreased production of 
procoagulant factors, there is decreased produc-
tion of anticoagulants like protein C, protein S, 
anti-thrombin and heparin co-factor II—all being 
produced in the liver. As a result there is a fine 
balance of pro- and anticoagulant proteins which 
are very much lower than the levels seen in 
healthy individual.

After the bleeding which stops on formation 
of a fibrin clot, there is dissolution of this fibrin 
clot—fibrinolysis (Fig.  13.2). The fibrinolytic 
system is again balanced by pro- and anti- 
fibrinolytic proteins. There are low levels of plas-
minogen and high levels of Plasminogen 
Activator Inhibitor 1 (PAI-1) which prevent fibri-
nolysis whereas high levels of Tissue Plasminogen 
Activator (t-PA) and low levels of factor XIII 
facilitate fibrinolysis. Exaggerated hyperfibri-
nolysis is quite often seen during liver transplan-
tation during anhepatic phase as the clearance of 
t-PA is hampered.

Coagulation disorders produced in chronic 
liver disease may require correction if there is a 
gross deterioration in prothrombin time or before 
doing any invasive procedures. Non-bleeder with 
abnormal clotting studies may not require any 
correction during the normal course of manage-
ment. The standard screening tests for assessing 
clotting status may not depict any abnormality till 
the procoagulant levels are reduced by 60–70% 
of the normal values [5]. There is no utility of 
measuring individual clotting factor concentra-
tions in the normal course of the disease except in 
acute liver failure where factor V levels less than 
20%/30% indicate need for liver transplantation 
(Clichy Criteria). This is relevant only if you 
have a practice to list your patients for transplan-
tation on the basis of Clichy Criteria instead of 

the more universally used King’s College 
Hospital (KCH) criteria.

13.4  Coagulation in Acute Liver 
Failure

In candidates for transplantation in Acute Liver 
Failure (ALF), there is gross derangement of pro-
thrombin time but this is not replicated in the vis-
coelastic tests—TEG in up to 35% patients shows 
a hypercoagulable graph. This can be explained 
by the reduction in both procoagulant and antico-
agulant factors along with increase in vWF and 
factor VIII in circulation (Fig. 13.3) [6].

In acute liver failure there is no evidence of 
prophylactic use of blood products to correct the 
abnormal coagulation profile though PT can be 
grossly deranged.

Thrombin generation in ALF is near normal 
after initial thrombin formation with activation of 
factor VIII, IX and XI. The rapid production of 
thrombin is facilitated by the availability of 
increased level of factor VIII. This process is fur-
ther enhanced by reduced thrombin inactivation 
due to activated protein C resistance.

The platelet size in ALF is increased which is 
evident by the increase in the mean platelet vol-
ume, although the platelet count may even be 
reduced. This viewpoint is supported by the fact 
that in majority of the patients with ALF, TEG 
shows a hypercoagulable pattern. Platelet and 
fibrinogen contribute equally to the clot strength 
in healthy individuals whereas in ALF platelets 
can contribute up to 75% of clot strength [6, 7]. 
This shows there could be disproportionate func-
tional hypofibrinogenemia.

The belief that increasing bleeding tendency 
in ALF as shown by traditional clotting test is not 
borne out by the assessment of clot using TEG 
and thrombin generation test.

V. Vohra



167

% CHANGE IN FACTORS IN ALF 

↑ Increased

↓ Decreased

F II

F V

F VII

F IX

F X

F XI

F XII

F VIII

VWF

Protein C

Protein S

Antithrombin III

Adapted from Reference No. 6

PROCOAGULANTS
F II, F V, F VII, F IX, F X, F XI, F XII

ANTICOAGULANTS
PC, PS, AT III

ENDOTHELIAL FACTORS
VWF, F VIII

Fig. 13.3 Percentage change in factors in ALF. (Adapted 
from Agarwal B, Wright G, Gatt A, Riddell A, Vemala V 
and Mallett S et al. Evaluation of coagulation abnormali-

ties in acute liver failure. Journal of Hepatology 
2012;57(4):780–786)

13.5  Procoagulant Factors

The liver is the site of production of majority of 
the procoagulant factors—Factors II, V, VII, VIII, 
IX, X, XI, XII and XIII besides producing antico-
agulant factors as well. As the synthetic function 
of the liver deteriorates, there is marked decline 
in the production of coagulation factors. However 
one procoagulant factor which is increased is 
 factor VIII—This is produced mainly by the 
sinusoidal cells of the liver with minor contribu-
tion from the spleen, endothelial cells and the 
lung (Table 13.1).

Majority of the procoagulant factors are vita-
min K dependant, which is deficient in chronic 

liver disease. Vitamin K deficiency could be 
because of reduction in the dietary intake, inade-
quate absorption due to bile acids, diminished 
storage and decreased production in the intes-
tines. Treatment with antibiotics can also destroy 
the intestinal bacteria that syntheses vitamin K 
[8]. There are instances in end-stage liver disease 
when there are high levels of clotting factors in 
the presence of near-normal vitamin K—primary 
biliary cirrhosis and primary sclerosing cholangi-
tis are examples of such states. This can even 
result in hypercoagulable states as seen in visco-
elastic testing with decreased reaction time  
(r time), increased alpha angle and maximum 
Amplitude (mA) on TEG.
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Table 13.1 Sites of synthesis of clotting factors

Factors Synthesis
Half-life 
(h)

Factor I or fibrinogen Liver, extrahepatic 
sites

72–120

Factor II or 
prothrombin

Liver 72

Factor V (labile) Liver, endothelium, 
platelets

36

Factor VII (stable) Liver 3–6
Factor VIII (AHF-A) Liver, extrahepatic 

sites
12

Factor IX 
(Christmas, AHF-B)

Liver 24

Factor X 
(Stuart-Prower)

Liver 40

Factor XI Liver 80
Factor XII 
(Hageman)

Liver 50

Factor XIII Liver, extrahepatic 
sites

120–
200

vWf Endothelium 10–24

Adapted from Bolliger D, Gorlinger K, Tanaka KA and 
Warner DS. Pathophysiology and treatment of coagulopa-
thy in massive haemorrhage and hemodilution. 
Anesthesiology 2010;113(5):1205–1219
AHF-A anti-haemophilic factor A, AHF-B anti- 
haemophilic factor B

13.6  Fibrinogen

This acute phase reactant protein is produced in 
the hepatocytes and consists of six polypeptide 
chains. High levels of fibrinogen concentration 
are seen in cholestatic jaundice and hepatocellu-
lar carcinoma whereas low fibrinogen concentra-
tion is seen as the patient progresses towards 
end-stage disease [9, 10]. In advanced liver fail-
ure, there is reduced level of fibrinogen as well as 
there is qualitative abnormality leading to dysfi-
brinogenemia which is functionally abnormal. 
There is abnormal alpha chain with raised sialic 
acid content in fibrinogen.

The normal level of fibrinogen in the blood is 
2–4  g/L, which makes it the most abundant 
 coagulation factor found in the plasma. A large 
amount of fibrinogen is engulfed in the formation 
of stable thrombus. Fibrinogen above 3  g/L is 
generally considered as adequate for producing 

haemostasis whereas plasma levels below 1 g/L 
are considered inadequate. Looking at the influ-
ence of fibrinogen correction on transfusion 
requirement in liver transplant recipients, Roullet 
et al. found that there was no decrease in blood 
transfusion related to fibrinogen level in the 
blood [11]. Fibrinogen given pre-emptively to 
liver transplant recipients does produce change in 
the thromboelastographic parameters leading to 
increase in the maximum amplitude (mA) but 
these improvements did not translate into a reduc-
tion in blood transfusions. In both acute and 
chronic liver disease, there is qualitative change 
seen in the fibrinogen with quantitative effect 
seen only during end-stage liver failure.

13.7  von Willebrand Factor (vWf)

vWf is a high molecular weight protein multimer 
and an important partner in supporting haemosta-
sis. The importance of vWf lies in the fact that 
this protein has a high affinity for collagen pres-
ent on the vessel wall as well as glycoprotein 1b 
which is present on the platelet surfaces. This 
factor acts as a combining medium between 
platelets and the vessel wall where the clot for-
mation takes place. High levels of vWf are seen 
in patients with chronic liver disease and cirrho-
sis. The mechanisms responsible for the elevated 
levels of vWf are possibly due to inflammation or 
infection and the other reason being reduced 
clearance of this factor by the liver. vWf levels 
are substantially increased in acute liver failure 
where there is other evidence of systemic inflam-
matory response (SIRS) as well. In chronic liver 
disease there is formation of nitric oxide due to 
the underlying portal hypertension. The nitric 
oxide acts as a stimulus for liberation of vWf 
from the endothelium. In essence there are 
increased plasma level of vWf in both acute and 
chronic liver disease.

The activity of vWf is controlled to an extent by 
ADAMTS13. In chronic liver disease ADAMTS13 
levels are reduced in the plasma thereby promot-
ing procoagulant effect of vWf [12].
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13.8  Platelets

Thrombocytopenia is seen in 49–60% of the 
patients with end-stage liver disease. Generally 
the platelet count is not below 30,000/cmm and 
spontaneous bleeding is not seen because of low 
platelet count. The main cause of thrombocyto-
penia is due to portal hypertension leading to 
enlargement of the spleen causing sequestration 
platelets. Besides there is impaired production of 
platelets, increased platelet destruction due to 
immunological reasons. Other causes such as 
alcohol, disseminated intravascular coagulation, 
sepsis, folate deficiency and drugs may be 
responsible for platelet deficiency. A markedly 
enlarged spleen can sequestrate up to 90% of the 
total platelet mass [13, 14].

A normal platelet count of 150,000/cmm to 
450,000/cmm offers a huge functional reserve 
which is also observed in the various other bio-
logical parameters like haemoglobin, WBC, etc.

Thrombocytopenia of chronic liver disease is 
partly because of lack of thrombopoietin (TPO) 
and treatment with TPO agonists leads to increase 
in platelet count and reduced platelet transfusion 
and bleeding. This also led to increased incidence 
of portal vein thrombosis and termination of the 
clinical study [15, 16].

Platelets play a very important role in clot 
formation; it helps in clot formation in two 
stages:

 1. Primary Haemostatic Plug—Platelets 
through an interaction with vWf adhere to the 
damaged vessel wall, thereby leading to 
aggregation of platelets and formation of pri-
mary haemostatic plug. Platelets in the pres-
ence of exposed collagen and vWf leads to 
alteration in the shape of platelets and release 

of adenosine diphosphate and thromboxane 
A2, both of which cause the platelets to 
aggregate.

 2. Thrombin Generation—In the presence of 
activated clotting factors platelets support the 
formation of thrombin leading to stable clot for-
mation. Platelets count up to 60,000/cmm are 
usually enough to generate this response [17].

In liver disease ADAMTS13 levels are 
decreased in the plasma. ADAMTS13 normally 
makes a cleavage in the platelet vWF and thereby 
promotes clot formation (Fig. 13.4) [12, 18].

Myelosuppression can also contribute to the 
low platelet count, and this can be seen in hepati-
tis C virus (HCV infection), other acute viral 
infections, folic deficiency and chronic alcohol 
use [19, 20].

A large amount of platelets—up to 90%—are 
sequestrated in the spleen but splenectomy is 
generally not indicated in these patients with 
chronic liver disease. Splenectomy is associated 
with a risk of secondary portal vein thrombosis 
which can lead to bleeding from oesophageal 
varices and a difficult subsequent liver transplant 
[21]. There are reports of splenic artery emboli-
zation with reduction in the splenic blood flow 
leading to improvement in platelet count [22].

Intrinsic defects in the platelets as well as 
abnormalities in other plasma factors also add to 
the hand in cholestatic liver disease there can be 
hyperactive platelet functioning which can be 
abnormal functioning of platelets. This can be 
detected either by platelet function assay (PFA-
100) or on the other hand by thromboelastogra-
phy (TEG) [23]. Thromboelastography is a test 
of whole blood clotting and measures platelet 
function which is detected by maximum ampli-
tude (mA) on the graph [24].
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Fig. 13.4 Role of ADAMTS13 in clot formation

Table 13.2 Sites of synthesis of anticoagulant factors

Factors Synthesis Half-life (h)
Anti-thrombin 
II

Liver, extrahepatic 
sites

48–72

Protein C Liver, endothelium 10
Protein S Liver, endothelium 42

Adapted from Bolliger D, Gorlinger K, Tanaka KA and 
Warner DS. Pathophysiology and treatment of coagulopa-
thy in massive haemorrhage and hemodilution. 
Anesthesiology 2010;113(5):1205–1219

13.9  Anticoagulant Factors

 1. Anti-Thrombin III: This is a glycoprotein 
which is synthesized by the liver and endothe-
lium and does not require vitamin K for its 
activation. Anti-thrombin III levels are 
reduced in liver disease as the synthetic func-
tion are affected with the progression of the 
disease. The levels are also decreased due to 
its consumption during the process of fibrino-
lysis seen in end-stage liver disease. There are 
no preparations of anti-thrombin III available 
and its replacement is generally not indicated 
(Table 13.2).

 2. Protein C and Protein S: These are also gly-
coproteins which are synthesized mainly by 
the hepatocytes and are dependent on vitamin 
K.  Disease progression in the liver leads to 
decline in both protein C and protein S but 
their levels rarely fall below 20% of the nor-
mal (Table 13.2).

13.10  Fibrinolytic 
and Antifibrinolytic System

In advanced liver disease, it is not uncommon to 
find evidence of fibrinolysis. The laboratory tests 
revealed elevated level of fibrinogen degradation 
products, raised level of plasma D-Dimer and 
shortened whole blood Euglobulin clot lysis 
time. There are high levels of circulating plas-
minogen activators due to their decreased clear-
ance in the liver. The increase in tissue 
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plasminogen activator (tPA) is also accompanied 
with normal or even elevated levels of tPA inhibi-
tor. Hyperfibrinolysis is not seen in patients with 
acute liver disease but is seen in up to 31% of 
patients with compensated cirrhosis [25]. 
Hyperfibrinolysis is almost universal in patients 
with uncontrolled ascites. Agarwal S et  al. 
reported an incidence of hyperfibrinolysis in 93% 
of the patients with ascites [26]. On analysing the 
ascitic fluid of patients with severe liver disease 
there was evidence of low fibrinogen, and 
increased levels of FDPs and D-Dimer. This is 
evidence of hyperfibrinolytic activity which 
could be because of absorption of ascitic fluid 
into the systemic circulation. Hyperfibrinolysis 
can contribute to increased incidence of bleeding 
from mucus membranes.

13.11  Disseminated Intravascular 
Coagulation (DIC)

As the liver disease progresses and reaches the 
end stage, there is evidence of low-grade dissem-
inated intravascular coagulation (DIC). This 
coagulation concept involves formation of fibrin 
deposits and their partial breakdown. There is 
increase in fibrin degradation products (FDPs) as 
well as reduction in serum fibrinogen levels. DIC 
in end-stage liver disease is typically accompa-
nied with prolongation of PT and PT, APTT as 
well as reduction in the platelet count. As the dis-
ease progresses, there is tendency to increase in 
severity of DIC [27, 28]. The suspicion of DIC in 
cirrhotic patient is based on worsening of coagu-
lation test results and disproportionate reduction 
in platelet count. There is generally a triggering 
clinical event like bleeding or infection. In the 
presence of DIC there is also reduction of factor 
VIII as well as factor V.

Central to the development of DIC is activa-
tion of thrombin due to high level of tissue factor 
and consequently activation of extensive coagu-
lation pathway [29]. There is fibrin deposition in 
small vessels leading to venous and arterial 
thrombosis which finally affects various organs 
and may even lead to multi-organ failure. On 
consumption of various clotting factors as well as 

activation of DIC there is wide spread bleeding 
manifestation. Accelerated intravascular coagu-
lation and fibrinolysis (AICF) has been reported 
in about 30% of the patients with cirrhosis and 
this is dependent on the severity of the liver dis-
ease. This phenomenon is seen more in the portal 
venous system compared to the arterial system 
[30]. The trigger for AICF could be endotoxae-
mia which is evident in the portal circulation, 
leading to the release of IL6 and TNFα which 
stimulate intravascular coagulation [31].

13.12  Hypercoagulability

This refers to the propensity of developing an 
appropriate clot in a patient although bleeding is 
the more recognized complication of chronic 
liver disease. Portal vein thrombosis has been 
reported in up to 26% of patients with cirrhosis 
[32] and a variable number of patients also 
develop deep vein thrombosis or pulmonary 
emboli. The risk of portal vein thrombosis 
increases with the severity of liver disease and 
increased mortality in those who undergo ortho-
topic liver transplant (OLT) [33].

There is an increase in vWf in chronic liver 
disease and this remains elevated for up to 
10 days after OLT. The activity of vWf is further 
enhanced due to a lack of ADAMTS13 which 
results in the stability of platelets in circulation.

Hypercoagulability can lead to Hepatic Artery 
Thrombosis (HAT) post-operatively in 
OLT. There is an increased risk of HAT in patients 
who have familial amyloidotic polyneuropathy 
and acute intermittent porphyria. Similarly cyto-
megalovirus (CMV) is also known to increase the 
risk of developing HAT [34]. The risk of HAT is 
significantly reduced in these patients by treat-
ment with aspirin.

The incidence of deep vein thrombosis can be 
minimized by use of Low Molecular Weight 
Heparin (LMWH) but this has to be weighed 
against the risk of bleeding post-operatively. The 
monitoring of LMWH is difficult as anti-Xa test-
ing in the laboratory is not freely available. This 
therapy works both for DVT prophylaxis and for 
preventing HAT.
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13.13  Assessment and Correction 
of Coagulation Status Before 
Invasive Procedures

 1. Paracentesis: There may not be any signs of 
bleeding in advanced liver disease if there is 
not intervention. Minor intervention can trig-
ger the bleeding process in patients with end- 
stage liver disease and may have serious or 
even life-threatening consequences. Ascites is 
a common manifestation in ESLD which may 
or may not respond to conservative manage-
ment of diet and diuretic. Such refractory 
ascites requires paracentesis. Some patients 
may end up having serial therapeutic paracen-
tesis requiring drainage every 2  weeks. 
Haemoperitoneum and damage to the intes-
tine during needle insertion are potential seri-
ous complication of paracentesis. Up to 3% of 
patients undergoing paracentesis may develop 
excessive bleeding to haemoperitoneum and 
some of them even require transfusion. Severe 
coagulation defects (INR > 1.5 and Platelets 
<50,000/cmm) may require transfusion of 
FFP and platelets respectively. In presence of 
portal hypertension there are multiple porto- 
systemic shunts, some of which could be seen 
in the anterior abdominal wall. Ultrasound- 
guided paracentesis can minimize these com-
plications in most of the patients with 
refractory ascites. Large volume paracentesis 
normally requires supplementation of albu-
min—8 g/L or fluid removed to maintain the 
haemodynamic stability [35]. Paracentesis 
normally would not require any support of 
coagulation unless the platelet count is 
<30,000/cmm or INR is >2.5. Carefully 
selected needle placement for paracentesis, 
avoiding inferior epigastric artery and the 
porto-systemic shunt, enables a safe therapeu-
tic intervention (Fig.  13.5). To support this, 
there is a large study of 11,000 patients where 
no haemorrhagic complication was seen in 
patients with platelet counts as low as 19,000/
cmm and INR upto 8.7 [36].

 2. Liver Biopsy: It is not uncommon to do a 
liver biopsy to establish the diagnosis of 
advancing liver disease. There is always a 

hazard of developing intra-peritoneal bleed-
ing in the process of doing liver biopsy. Earlier 
bleeding time was used as a reference to know 
the suitability to do this procedure but has 
become an obsolete investigation. Platelet 
count is a value which is relied upon and a 
value above 60,000–80,000/cmm is consid-
ered safe [37]. Another parameter used to 
assess the coagulation status is prothrombin 
time (PT). Prolonged PT > 4–6 s is considered 
abnormal with likelihood of bleeding after the 
procedure. One study coated International 
Normalize Ratio (INR) > 1.5 as a risk factor 
for post-procedure bleeding [38]. There are 
other options to minimize the risk of bleeding 
following liver biopsy. A transjugular biopsy 
or a plugged biopsy can be used to minimize 
the risk of bleeding [39]. Most centres have 
their own cut-off values for performing a liver 
biopsy, one of the UK guidelines requires 
platelet count above 80,000/cmm and a sur-
vey from Mayo Clinic suggested a count of 
>50,000/cmm [40].

 3. Central Venous Access: Accessing the cen-
tral vein has a potential of forming haema-
toma or even intrathoracic collection of 
blood—haemothorax. The preferred site to 
avoid these complications would be access 
through internal jugular vein. In this era of 
ultrasound central vascular access has become 

Inferior Epigastric
Artery

Fig. 13.5 Safe sites of paracentesis avoiding inferior epi-
gastric artery
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less traumatic with minimal bleeding compli-
cation (Fig.  13.6). Reported major bleeding 
complications in patients with end-stage liver 
disease are in the range 0–0.2%. It is therefore 
not necessary to administer blood products 
before obtaining central venous access, espe-
cially if it is done under the ultrasound guid-
ance [41, 42].

 4. Coronary Angiography: Up to 28% of 
patients over the age of 50  years may have 
coronary artery disease in patients with CLD 
[43, 44]. Patients with risk factors for CAD, 
aetiology of NASH and those with non- 
coronary artery disease may need to undergo 

coronary artery angiography before liver 
transplantation. Performing coronary angi-
ography can lead to haematoma formation, 
pseudoaneurysm as well as increased bleed-
ing from the puncture site in a coagulopathic 
liver transplant recipient. Bleeding issue can 
be minimized for this investigative procedure 
of coronary angiography by using radial artery 
route instead of the traditional femoral artery 
(Fig. 13.7). One drawback of this procedure 
is also because of the use of contrast used in 
angiography. Renal function can be compro-
mised and may lead to overt renal  failure in 
susceptible individuals. The measures taken 

Fig. 13.6 Ultrasound-guided central venous access

Radial Artery Radial Artery
Cannulation

Fig. 13.7 Percutaneous radial artery cannulation
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to offset development of renal compromise 
can be in the form of adequate hydration 
as well as use of free radical scavenger N- 
acetylcysteine given prophylactically.

13.14  Coagulation and Infection

Infection has been reported in cirrhotic patients 
which can lead to complication of bleeding. 
Sepsis is known to result in bleeding from 
oesophageal varices resultant from portal hyper-
tension. Infection produced by the bacteria leads 
to production of endotoxin which produces tissue 
factors expression on macrophages and activa-
tion of clotting and fibrinolytic mechanism. 
Infection in advanced liver disease leads to pro-
duction of cytokines—interleukin-1 (IL1), IL6 
and tumour necrosis factor (TNF). These cyto-
kines are precursor to fibrinolysis and can also 
activate clotting by stimulating the extrinsic 
coagulation pathway [45]. Generally a hypoco-
agulable state evolves in cirrhotic patients with 
sepsis which can manifest as bleeding from 
oesophageal varices [46].

13.15  Portal Hypertension 
and Bleeding

The risk of bleeding in end-stage liver disease is 
either because of a procedure being carried out or 
this can happen spontaneously due to the pres-
ence of portal hypertension. The patients with 
cirrhosis are not spontaneously anticoagulated 
but are in a state of rebalanced haemostasis. In a 
patient with oesophageal varices, reduction of 
portal pressures leads to control of bleeding. 
Institution of Transjugular Intrahepatic 
Portosystemic Shunt (TIPS) in patients with high 
HVPG gradient results in control of active bleed-
ing. In the presence of high portal pressure there 
is no evidence to control bleeding with fresh fro-
zen plasma or platelet transfusion. These inter-
ventions have the potential of increasing the risk 
of acute lung injury as well as further increasing 
the portal pressures. Other methods to control 
bleeding is use of non-selective beta-blockers, 
endoscopic ligation of varices, prophylactic des-

mopressin, anti-fibrinolytic agents or recombi-
nant factor VIIa [47, 48].

13.16  Conclusion

Chronic and acute liver disease is frequently 
accompanied with changes in the coagulation 
parameters which can cause concern. There is an 
imbalance of haemostatic factors—pro- and anti- 
haemostatic—with a rebalance created at a dif-
ferent level which makes them prone to bleeding 
as well as hypercoagulable state. Conventional 
routine laboratory tests are not able to identify 
patients at risk. Point of care testing like TEG has 
the potential to identify the coagulation abnor-
malities. Still a lot of work needs to be done to 
validate the results of viscoelastic test in predict-
ing bleeding or thrombosis. Prophylactic transfu-
sion of blood product before any procedure needs 
to be guided by viscoelastic test. There is a strong 
recognition of thrombotic complications in 
patients with liver disease and the need to use 
necessary anti-thrombotic therapy.

Key Points
• Liver disease can result in both bleeding 

and thrombotic complications.
• Conventional tests of coagulation—PT/

APTT—do not predict risk of thrombo-
sis or bleeding.

• There is a delicate balance between pro- 
and anticoagulant in liver disease.

• Portal hypertension is more of a culprit 
in bleeding patients.

• Liver disease patients do not always 
require correction of coagulation 
parameters.

• Diagnostic/therapeutic procedures like 
paracentesis and coronary angiography 
do not always require correction of 
coagulation.

• Surgical intervention can upset the 
rebalanced haemostasis.

• Acute liver failure may exhibit hyperco-
agulable state in spite of normal PT.
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14Nutrition in Chronic Liver Disease

Amey Sonavane and Narendra S. Choudhary

14.1  Introduction

The liver is the principal site of metabolism in the 
body. Patients with cirrhosis remain at a higher 
risk of malnutrition due to several reasons. 
Malnutrition is defined as deficiencies, excesses 
or imbalances in a person’s intake of energy and/
or nutrients. Malnutrition includes both under- 
nutrition and over-nutrition (overweight, obesity 
and related complications), but is generally used 
as a synonym to under-nutrition. Under-nutrition 
and sarcopenia (muscle depletion) in patients 
with cirrhosis are associated with higher risk of 
morbidity and mortality. Even in obese cirrhosis 
patients, there can be muscle mass depletion (sar-
copenic obesity) that may be clinically over-
looked. In addition, morbid obesity adds to 
morbidity and mortality in patients with cirrho-
sis. We further discuss assessment and manage-
ment of nutritional status in patients with 
cirrhosis.

14.2  Prevalence and Causes 
of Malnutrition in Cirrhosis

As stated earlier, most of data on malnutrition in 
cirrhosis is available on under-nutrition. The 
implications of under-nutrition and results of 
interventions are better known/discussed than 
over-nutrition in patients with cirrhosis. We have 
used the term malnutrition for under-nutrition for 
the purpose of current review, and obesity in cir-
rhosis has been discussed separately. Malnutrition 
is one of the most common complications associ-
ated with cirrhosis and is reported in majority of 
patients, particularly in presence of decompen-
sated cirrhosis [1, 2].

Patients with advanced liver failure (Child’s C 
class) have high prevalence of under-nutrition. 
Table 14.1 shows various factors contributing to 
under-nutrition in patients with cirrhosis. 
Broadly, inadequate intake, poor absorption and 
catabolic state all contribute to under-nutrition of 
cirrhosis [1, 3]. Indian studies assessing nutri-
tional status in patients with cirrhosis are shown 
in Table 14.2 [4–6]. The prevalence of malnutri-
tion ranged from 60% to 86% in these studies. 
Malnutrition was more common in advanced cir-
rhosis (Child’s C) and in patients with alcohol- 
related cirrhosis. Approximately one-third of 
patients had severe malnutrition in two studies. 
Patients with malnutrition had more hospitalisa-
tions and mortality before or after liver transplan-
tation [6].
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Table 14.1 Causes of malnutrition in patients with cirrhosis

Category Causes
Inadequate calorie/protein 
intake

Anorexia due to disease, socioeconomic factors, abnormal taste, decreased oral intake 
(frequent hepatic encephalopathy, early satiety due to abdominal distension by ascites 
and splenomegaly), slow gastric emptying, sodium restriction due to ascites, keep 
fasting for tests and procedures, unnecessary protein restrictions for hepatic 
encephalopathy management

Digestion and absorption Decreased luminal bile salt availability leading to decreased micelle formation 
(particularly in cholestatic liver diseases), portal hypertensive enteropathy pancreatic 
insufficiency due to chronic pancreatitis in alcoholics, laxatives impairing absorption

Altered metabolism Protein catabolism, insulin resistance, impaired glycogen synthesis, increased lipolysis
Hypermetabolism Increased beta-adrenergic activity partly responsible

Table 14.2 Indian studies regarding malnutrition in cirrhosis

Author 
(reference) N Results Comments
Sasidharan 
[4]

73, 6 months 
follow-up, used 
RFH-SGA

28.8% mild to moderate and 
39.7% were severely malnourished

Multivariate analysis: increased Child’s 
grade, increased creatinine, lower sodium 
levels and longer prothrombin time 
predictive of malnutrition

Maharshi 
[5]

247, 12 months 
follow-up

59.5% malnourished according to 
traditional model, 66.8% by body 
composition analysis and 71.4% 
by handgrip.

Worse in alcoholics

44.5%, 73.3% and 94.4% in CTP 
A, B and C

Hospitalisation (71.3% versus 38.2%; 
0.002) and mortality (41.1% versus 18.2%; 
p = 0.001) more in malnourished

Yadav [6] 117, Used 
subjective global 
assessment

Mild to moderate malnutrition 
51.3%

Poor nutrition in Child’s C, alcoholics, 
more risk of post-transplantation infections 
and mortalitySevere malnutrition 35%

14.3  Causes of Under-Nutrition

The pathogenesis of malnutrition is complex and 
multifactorial in patients with cirrhosis. The 
causes of malnutrition in cirrhosis include inad-
equate intake (due to anorexia of disease, abnor-
mal taste secondary to zinc deficiency, dietary 
restrictions advised by physicians, socioeco-
nomic factors, alcohol intake, chronic encepha-
lopathy, to keep fasting for investigations, 
co-existent pancreatitis in alcoholics, ascites and 
splenomegaly leading to early satiety), poor 
absorption (decreased bile salt pool, intestinal 
congestion secondary to portal hypertension, 
pancreatic insufficiency, bacterial overgrowth) 
and raised energy expenditure. In addition, 

impaired nutrient intake/metabolism due to liver 
disease may also contribute to under-nutrition.

14.4  Screening for Malnutrition 
in Patients with Chronic 
Liver Disease

The purpose of assessment of nutrition is to iden-
tify protein-energy malnutrition and other macro- 
and micro-nutrient deficiencies that are not easily 
identified on regular outpatient visits. A compre-
hensive nutritional assessment requires good his-
tory, physical examination, evaluation of 
anthropometrics and laboratory evaluation. As no 
single parameter is sensitive or specific enough to 
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assess protein-energy malnutrition, a combination 
of tools is more effective during assessment [1, 7].

14.4.1  History

Unintentional weight loss is a practical predictor 
of clinically significant degree of protein-energy 
malnutrition. However, it can be confounded by 
changes in hydration status and extracellular 
fluid accumulation or diuresis. Any change in the 
habitual diet pattern should be carefully looked 
into. The treating physician should actively look 
for symptoms consistent with malabsorption and 
nutritional deficiencies. The functional (ability to 
prepare meals if staying alone) and financial sta-
tus (financial interruption to purchase wholesome 
nutritious food) of the patient should also be fac-
tored in during assessment.

14.4.2  Physical Examination

Patients should be evaluated for signs of dehydra-
tion, excess body fluid and sarcopenia. There are 
various manifestations of micronutrient deficien-
cies that can be clinically diagnosed with careful 
physical examination.

14.4.3  Anthropometry, Biochemical 
Measures and Rapid 
Screening Tests for Nutritional 
Status

Various screening tools are available to quantify 
the nutritional status of patients with cirrhosis. 
These tools include anthropometric measure-
ments, handgrip strength using a hand-held dyna-
mometer, laboratory tests, evaluation of 
subjective global assessment (SGA), physical 
frailty (evaluated by the Fried frailty index), short 
physical performance battery, whole body dual- 
energy X-ray absorptiometry (DEXA), tetrapolar 
bioelectrical impedance analysis (BIA) and royal 
free hospital subjective global assessment (RFH- 
SGA) [1, 7–9]. The advantages and pitfalls of 
each of these modalities are discussed in 
Table 14.3. SGA is generally used to assess mal-
nutrition in cirrhosis. It should be noted that 
agreement of SGA with other modalities of nutri-
tional status (total lymphocyte count, mid-arm 
muscle circumference, mid-arm muscular area, 
subscapular skinfold thickness, body mass index 
(BMI) and handgrip measurement) is low. Also, 
SGA underestimates the prevalence of sarcope-
nia in liver disease patients. As BMI will remain 
falsely higher in patients with fluid overload 

Table 14.3 Various modalities to assess malnutrition (modified from reference [8])

Screening tool Components Advantages Pitfalls
Anthropometry Body mass index (BMI); triceps 

skinfold (TSF); mid-arm muscle 
circumference (MAMC); corrected 
arm muscle area; mid-arm muscular 
area (MAMA); adductor pollicis 
muscle thickness; waist 
circumference

Low cost Initial training required
Rapid Influenced by ascites and 

oedema
Non-invasive Underestimates malnutrition
MAMC and TSF 
have a prognostic 
value for mortality

Established cut-off values not 
well defined in cirrhosis

Objective
Good intra- and 
inter-observer 
agreement
Correlates with 
Child’s score

(continued)
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Table 14.3 (continued)

Screening tool Components Advantages Pitfalls
Handgrip strength Grip strength measured by a 

hand-held dynamometer
Simple Values differ with sex and age 

of the patient
Bedside tool Inability to identify muscle 

wastingInexpensive
Correlates with 
severity of cirrhosis
Not influenced by 
water retention
Accurately 
indicates impaired 
muscle function

Subjective Global 
Assessment (SGA)

Components include: weight, dietary 
intake, physical examination, 
functional impairment

Simple bedside 
tool

Subjective method

Good inter- 
observer 
reproducibility

Poor agreement with other 
methods of nutritional status 
assessment (total lymphocyte 
count, MAMC, MAMA, TSF, 
subscapular skinfold thickness, 
BMI and handgrip 
measurement)

Predicts outcomes 
in cirrhosis

Requires patient 
comprehension and 
collaboration

Recommended by 
ESPEN for 
nutritional 
assessment

Underestimates muscle loss

Frailty Fried frailty index. Components 
include: unintentional weight loss, 
self-reported exhaustion, weakness 
(grip strength), slow walking speed 
and low physical activity

Bedside tool Required patient 
comprehension and 
co-ordination

Predicts waitlist 
mortality, even 
after adjusting for 
MELD score

Short Physical 
Performance 
Battery (SPPB)

SPPB consists of timed repeated 
chair stands, balance testing, and a 
timed 13-ft walk and takes 2–3 min 
to complete

Bedside tool Needs validation
Inexpensive Does not correlate with 

CT-based muscle mass in both 
men and women

Predicts transplant 
waitlist mortality

Quantitative 
laboratory 
investigation

Albumin; Transthyretin 
(prealbumin); retinol combined 
protein; ferritin; transferrin; vitamin 
levels; resting energy expenditure; 
creatinine height index

Blood tests Laboratory value can be 
abnormal due to underlying 
liver disease rather than 
malnutrition

Simple to perform Affected by pregnancy, kidney 
diseases, acute catabolic states, 
hyperthyroidism

Muscle assessment USG, CT, MRI Highly accurate 
skeletal muscle 
mass estimation

Trained manpower required

Estimation can be 
performed during 
imaging done for 
other reasons

Cost factor
Logistical issues
Affected by fluid status
Ionising radiation (CT)
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Screening tool Components Advantages Pitfalls
Whole body 
dual-energy X-ray 
absorptiometry

DEXA Detailed 
assessment of bone 
mineral density

High cost

Measures fat mass 
and fat-free mass

Logistical issues

Muscle depletion 
measured 
accurately

Affected by ascites

Good 
reproducibility

Low dose of ionising radiation 
exposure

Tetrapolar 
Bioelectrical 
Impedance 
Analysis (BIA)

Two-compartment model. Principle: 
electrical current is conducted faster 
in water and fat-free tissues and 
slower in fat tissue. Based on the 
measured electrical current 
transmitted through tissues, one can 
estimate the proportion of fat-free 
mass and fat mass

Safe Validity questionable in 
patients with fluid retention

Easy to perform Results influenced by physical 
activity and eating or drinking 
before the examination, 
diuretics

Portable equipment Underestimates malnutrition
Segmental BIA 
allows limb non-fat 
mass quantification
Correlates with 
outcomes in 
cirrhotic patients

Royal Free 
Hospital- 
Nutritional 
Prioritizing Tool 
(RFH-NPT)

Modified SGA Reproducible Need external validation
Incorporates both 
subjective and 
objective 
parameters

Cumbersome

Correlates with 
other measures of 
body composition

Needs trained personnel

Predicts survival 
and post-transplant 
complications

Table 14.3 (continued)

(ascites or oedema), following has been sug-
gested to remove the effect of fluid overload: 
post-paracentesis body weight, weight recorded 
before fluid retention (if known), or by subtract-
ing a % of weight based on the severity of ascites 
(5% for mild; 10% for moderate and 15% for 
severe ascites), with an additional 5% subtraction 
for bilateral pedal oedema (if present) [1].

14.5  Assessment and Implications 
of Sarcopenia

Sarcopenia is defined as a generalised reduction in 
muscle mass and function due to ageing (primary 
sarcopenia), or due to acute or chronic illness (sec-

ondary sarcopenia) including chronic liver disease 
[10]. Sarcopenia is an important component of 
malnutrition. Computed tomographic assessment 
at the L3 vertebra helps to quantify muscle loss. 
Psoas muscle and the paraspinal muscles are rarely 
affected by fluid status but are consistently altered 
by metabolic fluctuations in cirrhosis [11]. Muscle 
mass estimation can be performed during usual 
CT screening done for hepatocellular carcinoma, 
portal vein patency and pre-transplant assessment. 
Recently the cut-off values for patients with cir-
rhosis have been suggested as 50 cm2/m2 for men 
and 39  cm2/m2 for women [12]. However, these 
values need validation.

Various mechanisms leading to sarcopenia 
include decreased protein and calorie intake 
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(Table  14.1), alterations in amino acid profiles, 
endotoxaemia, decreased mobility of patients 
and hyperammonaemia. Increased muscle ammo-
nia may cause sarcopenia by multiple mecha-
nisms [13]. Sarcopenia adds to poor prognosis of 
a patient with cirrhosis independent of portal 
hypertension and model for end-stage liver dis-
ease (MELD) score. Sarcopenia has been shown 
to decrease survival and is associated with 
increased post liver transplantation infections, 
ventilator requirement and higher ICU stay. 
Some of studies have shown that muscle function 
(and not muscle mass) predicts mortality.

Various strategies that have been tried for sar-
copenia in patients with cirrhosis include supple-
mental nutrition, exercise and physical activity 
and anabolic steroids [14]. Although ammonia 
lowering therapies hold promise to treat or slow 
sarcopenia development, data is lacking. A com-
bination of resistance and endurance exercise has 
potential to improve muscle mass and functional 
capacity but such studies have not been per-
formed in cirrhosis. Studies have shown improve-
ment in short-term outcomes in response to 
exercise in cirrhotics [15]. In a systemic review 
of 24 studies, 60% of studies on the nutritional 
intervention, two studies on testosterone replace-
ment in hypogonadal men and studies on trans- 
jugular intrahepatic portosystemic shunt showed 
improvement of sarcopenia in patients with cir-
rhosis [14].

14.6  Recommendations

A rapid nutritional screen should be performed 
for all patients with cirrhosis. A detailed assess-
ment is needed for patients at risk of malnutri-
tion, CTP-C state or with BMI < 18.5 kg/m2 [1, 
7]. Sarcopenia and muscle function should be 
assessed with nutritional assessment. Dietary 
intake should be assessed including quality and 
quantity of food and supplements, fluids, sodium 
in diet, number and timing of meals during the 
day and barriers to eating. Ideally, a dietician 
working as part of a team with the hepatologist 
should perform the assessment. It is important to 
remember that frequent meals are better to avoid 

prolonged periods of fasting. A late evening or 
mid-night snack has been shown to improve sur-
vival. Guo et al. performed a meta-analysis of 14 
trials including 478 patients [16]. The authors 
found that both carbohydrate and fat oxidation 
improved significantly with late-evening snack. 
The levels of serum albumin also improved sig-
nificantly, without change of serum bilirubin 
values.

Tolerance to vegetable and dairy proteins may 
be better in patients with hepatic encephalopathy 
(HE). Decreasing protein intake in fear of hepatic 
encephalopathy is not advisable as it contributes 
to sarcopenia [1]. Enteral feeding can be used in 
patients with decreased oral intake. Although 
some studies have shown better outcomes with 
enteral feeding, studies have not shown consis-
tent benefits [17, 18]. Supplemental nutrition has 
been shown to improve quality of life and reduce 
risk of minimal hepatic encephalopathy and HE 
[19].

Increased physical activity and exercise are 
anabolic stimuli that can improve muscle mass 
and function. Patients should be encouraged to 
increase physical activity to prevent and/or ame-
liorate sarcopenia. The daily energy intake should 
not be lower than recommended 35 kcal/kg of 
actual body weight/day (in non-obese individu-
als) and optimal daily protein intake should not 
be lower than 1.2–1.5 g/kg actual body weight/
day [1, 7]. The late-evening oral nutritional sup-
plementation and breakfast should be included in 
the dietary regimen of malnourished cirrhotic 
patients. Branched-chain amino acids (BCAA) 
supplements and leucine-enriched amino acid 
supplements can be considered if adequate pro-
tein intake is not achieved by oral diet. Enteral 
nutrition is recommended for patients with inad-
equate intake. A moderately hypocaloric (−500 
to −800  kcal less than required/day) diet with 
adequate protein intake (>1.5  g proteins/kg of 
ideal body weight/day) can be given to achieve 
weight loss in patients with BMI > 30 kg/m2 (cor-
rected for water retention). Micronutrients and 
vitamins should be used to treat confirmed or 
clinically suspected deficiency. Most of patients 
with cirrhosis remain vitamin D deficient; vita-
min D levels should be checked and supplemen-
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tation should be provided. BCAA supplementation 
may be considered in patients with hepatic 
encephalopathy. Simple advice on nutritional 
management that can be suggested bedside or on 
outpatient basis to patients with cirrhosis is given 
below.

• One should try to consume a variety of healthy 
foodstuff.

• To avoid tobacco chewing and alcohol 
consumption.

• To avoid unsafe food and drinking water.
• One should attempt to split the daily food 

intake into three main meals (breakfast, lunch 
and dinner) and three snacks (mid-morning, 
mid-afternoon, late evening). The late- 
evening/pre-bed snack is of paramount impor-
tance as it covers the long interval between 
dinner and breakfast.

• Patients with ascites should have less salt (not 
more than 2 g added salt a day).

• Decreasing water intake is not advisable 
unless asked by a doctor for gross fluid over-
load or hyponatraemia.

14.7  Effect of Obesity on Cirrhosis

Morbid obesity affects a patient with cirrhosis in 
multiple ways. These patients have higher risk of 
hepatocellular carcinoma and hepatic decompen-
sation. Also, non-alcoholic steatohepatitis 
(NASH) is a common diagnosis in these patients, 
which may be associated with comorbidities like 
diabetes, hypertension, chronic kidney disease 
and cardiovascular disease. In fact, patients with 
NASH have higher risk of perioperative (liver 
transplantation) and post-operative risk of cardio-
vascular events. The presence of obesity also 
makes liver transplantation difficult and increases 
the risk of complications and mortality. The liv-
ing donor liver transplantation is the predominant 
form of liver transplantation in Asia. There may 
be a difficulty in finding a suitable live donor for 
morbidly obese patients due to risk of low graft to 
recipient ratio (GRWR) and subsequent risk of 
poor graft function and higher mortality in the 
post-operative period. The presence of morbid 

obesity is shown to be associated with poor out-
comes (graft loss, blood transfusion require-
ments, sepsis, multiorgan failure, wound 
complications, biliary complications, deep 
venous thrombosis and incisional hernia) after 
liver transplantation [20].

Weight loss by bariatric surgery or lifestyle 
modification is often not possible in patients 
with decompensated cirrhosis. Bariatric surgery 
is associated with higher risk (than patients with-
out cirrhosis) of complications and not advisable 
in patients with decompensated cirrhosis. 
Although intragastric balloon is minimally inva-
sive, there is not much data. We published a 
series of endoscopic intragastric balloon place-
ment in eight prospective liver transplantation 
recipients, aged 46  ±  5  years [21]. The mean 
BMI before balloon placement was 43.5 ± 6.9 kg/
m2. The mean Child score was 8.5 ± 1.6; only 
one patient had Child’s C cirrhosis. Five of them 
had successful liver transplantation later (three 
deceased and two living donor liver transplanta-
tion) after weight loss. All these five patients had 
uneventful post- transplant course. The volume 
of balloon was decreased in one patient due to 
persistent vomiting; all but one patient achieved 
weight loss. One patient with diabetes had mean-
ingful improvement of HBA1c also [21]. A later 
study by Watt et  al. also showed efficacy of 
endoscopic intragastric balloon placement in 
weight loss without loss of lean mass [22]. These 
findings should be validated by other centres or 
in a large study.

14.8  Summary

Malnutrition is a common problem in patients 
with end-stage liver disease. Both under-nutrition 
and obesity are associated with worse outcomes; 
most of data is available on under-nutrition. 
Sarcopenia is increasingly being recognised in 
patients with cirrhosis and affects prognosis 
adversely. Various methods of nutritional status 
screening and treatment have been discussed. 
Improved nutrition and sarcopenia management 
lead to better survival and quality of life in 
patients with end-stage liver disease.
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15Intra-operative Management 
of Transplant Recipient: 
An Overview

Lakshmi Kumar

15.1  Introduction

Liver transplant has emerged as an option for sur-
vival amongst patients with end-stage liver dis-
ease (ESLD) and fulminant failure. While 
deceased donation might be the most acceptable 
alternative as it does not pose any donor risk, 
constraints on organ availability due to prevailing 
beliefs and social conditions limit this option [1]. 
Optimal management of the recipient contributes 
to outcomes after surgery. With evolution of con-
cepts on patient management, an anaesthesiolo-
gist has changed and improvised practices from 
over a decade and refined it to its current state.

In this chapter, we bring to the anaesthetists’ 
attention newer areas of understanding in the cur-
rent management of the recipient.

15.2  Preoperative Preparation

When does an anaesthetist have concerns on the 
management and outcomes of transplant?

The MELD (model for end-stage liver dis-
ease) scores are currently used to assess severity 
of liver disease and to prognosticate risk for non- 
transplant surgery. In the presence of MELD 
scores 28 or higher, age, more than 70 years is are 

associated with poorer post-transplant outcomes. 
Development of pre-transplant diabetes and need 
for mechanical ventilation preoperatively also 
could imply poor post-transplant outcomes [2].

Extremes of weight may affect transplant oiut-
comes. An analysis of the UNOS database has 
shown that in comparison with a high body mass 
index (BMI) and higher MELD scores, lower 
BMI (<18 kg.m−2) is associated with poorer post- 
transplant and graft outcomes even with low 
MELD scores [3].

Sarcopenia is defined as a loss of muscle 
mass and is evaluated by a measurement of the 
psoas muscle mass at the level of the fourth 
lumbar vertebra on a computerised tomogra-
phy scan. Extreme sarcopenia is seen in 
40–70% of cirrhotic patients and is a concern 
for transplant selection. An increase in skeletal 
muscle mass area by 1000  mm2 following 
transplant surgery appears to provide 73% 
reduction in mortality [4].

Acute on chronic liver failure (ACLF) is a syn-
drome distinct from CLD that is characterised by 
multi-organ decompensation in the background of 
diagnosed or undiagnosed cirrhosis. The 28-day 
mortality in ACLF grade 2 and grade 3 is 32% and 
78% respectively [5]. In any patient in ACLF grade 
3, transplant is associated with poor outcomes. In 
ACLF 2, consideration of co- morbidities, age, pre-
operative status, multi- systemic supports will have 
to considered before undertaking the decision to 
proceed with transplantation.
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A BMI > 35 is associated with poor outcomes 
in one study and a retrospective analysis of 3937 
patients with 45% amongst them identified with 
multiple co- morbidities, cardiovascular disease 
was associated with increase in post-transplant 
morbidity while diabetes, renal or pulmonary dis-
ease did not have an influence on outcomes [6].

Preoperative hyponatraemia (Na < 120 mEq/L) 
poses a challenge to the anaesthetist as it con-
founds encephalopathic assessment. The surges in 
sodium during surgery can impact outcomes and 
central pontine myelinolysis following correction 
during transplant can occur. The aim should be to 
keep sodium levels within 5 mEq/L of the base-
line value during surgery. Surprisingly, literature 
does not suggest associations between hypona-
traemia and poorer outcomes but hypernatraemia 
is associated with higher postoperative mortality 
[7].

15.3  Preoperative Fasting 
Guidelines and Preparation

ESLD patients have delayed gastric emptying 
times and are predisposed to aspiration during 
induction. In the presence of tense ascites, intra- 
abdominal pressure could increase the possibility 
of regurgitation particularly in the background of 
autonomic system dysfunction. The delay in gas-
tric emptying appears to be related to the MELD 
scoring, associated thrombocytopenia, coexistent 
diabetes and an age less than 60  years [8]. 
Standard fasting instructions would include sol-
ids 8 h prior to surgery. Limited amounts of clear 
liquid about 200 ml or less can be given until 3 h 
prior to surgery to avoid dehydration and thirst. 
Diabetics will need blood sugar monitoring dur-
ing the fasting period.

An ultrasound assessment of gastric size and 
residual volume in cirrhotics shows an increase in 
both size and residual volume in comparison to 
non-cirrhotic patients. Although the gastric residue 
shows more fluid and air, it does not result in signifi-
cant Ryle’s tube aspirate after intubation (Fig. 15.1) 
leaving us still without a clear answer on the need to 
perform a rapid sequence induction (RSI) in these 

patients. RSI can therefore be reserved for patients 
with tense ascites, upper GI bleed, encephalopathy, 
impaired airway reflexes and anticipated difficult 
airway amongst these patients.

Anxiolytics are avoided as premedication in 
view of underlying encephalopathy and aspira-
tion risk. Preoperative medications may include 
beta blockers (propranolol or carvedilol) and 
diuretics (spironolactone/furosemide). Even 
diuretics can be continued in usual doses till day 
of surgery to avoid interference in the fluid bal-
ance. Electrolytes are monitored on the morning 
of surgery.

Some patients with refractory hyponatraemia 
and ascites are started on treatment with tolvap-
tan. Tolvaptan in a V2 receptor antagonist that 
acts at the aquaretic receptors in the distal col-
lecting tubules of the kidney and helps in selec-
tive diuresis with retention of the sodium ion. A 
small study of the use of tolvaptan in cirrhotics 
has been encouraging in the control of sodium 
levels and outcomes [9], while a case report cau-
tions on postoperative hypernatraemia in patients 
with renal dysfunction [10].

The coagulation in a liver recipient has a 
dynamic profile and can vary rapidly. Coagulation 

Dotted lines show the contour of the stomach shape. 
Cross sectional area (A=9.18 cm2)

Fig. 15.1 Posterolateral view of the gastric antrum in a 
liver recipient
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tests are ordered on the morning of surgery. 
Thrombocytopenia is a common accompaniment 
in ESLD.  This does not always require a 
 correction as there is an intrinsically rebalanced 
coagulation. Although platelet counts appear to 
be low, increased synthesis of vWF (von 
Willebrand factor) and decreased hepatic synthe-
sis of ADAMTS13 (metalloprotease enzyme that 
cleaves vWF) compensate for the derangement in 
platelets and bleeding is not directly related to the 
extent of coagulopathy reflected by the prtohrom-
bin time.

Platelets can be transfused prior to intubation 
and invasive lining can be safely performed with 
platelet counts more than 20–30,000/mm3. 
During the surgery transfusion can be guided by 
the ongoing bleeding in the surgical field and 
dynamic tests of coagulation. Transfusion of 
fresh frozen plasma prior to surgery can be based 
upon the INR. Levels more than 2.5–3 may merit 
transfusion at the time of invasive lines. However 
excessive volume related to transfusions may 
increase portal pressures and increase bleeding 
during the dissection phase.

15.4  Conduct of Anaesthesia

A preoperative checklist of the morning labora-
tory parameters and blood cultures close to the 
date of surgery are important and need to be 
reviewed prior to the transplant surgery.

The operating room will need to be prepared in 
readiness for the conduct of the surgery. A periph-
eral large bore venous cannula and a radial arterial 
cannula are placed under local anaesthesia while 
the patient is still on room air. A sample drawn 
will provide baseline oxygenation and base excess 
that will help in postoperative management.

Pre-transplant hypoxemia could reflect hep-
atopulmonary syndrome (HPS), [11] evolving 
chest infection or cardiogenic/non cardiogenic 
pulmonary oedema. Hypoxemia of new onset 
at the time of transplant surgery that was not 
present earlier may cause concern and the 
cause needs to be treated and evaluated prior to 
surgery. In case of uncertainty in diagnosis, a 

combined decision to postpone the transplant 
should be undertaken until the patient recovers 
and a correct diagnosis of the cause is 
established.

A femoral arterial catheter is often placed in 
addition to the radial arterial cannula to monitor 
pressures. Traditionally the systolic in the femo-
ral artery is believed to be 20–30 mm Hg higher 
than the radial and monitoring femoral pressures 
allows a clearer correlate to central pressures. 
This is of particular value at the time of reperfu-
sion when the radial pressures are significantly 
dampened. However studies have consistently 
shown that although the systolic variability exists 
the mean arterial pressures measured by both 
routes are comparable even at the time of reperfu-
sion [12–14] (Fig. 15.2).

Central venous cannulation is performed after 
intubation and a triple or quadruple lumen cath-
eter is used. A sheath may also be inserted for the 
possible need for a pulmonary artery catheter in 
select patients. The availability of ultrasound has 
improved the safety of central venous cannula-
tions in patients with liver disease and incidence 
of bleeding complications is reportedly low [15, 
16]. Subclavian vein cannulations are avoided 
due to risk of arterial puncture and uncontrolled 
bleeding. When more than one central venous 
access is planned, the same side is to be used and 
the catheters inserted after insertion of both guide 
wires in the lumen to avoid damage to the first 
catheter by the needle during insertion of the sec-
ond central line.

Radial artery trace, Femoral artery trace

Fig. 15.2 Radial and femoral arterial pressures at 
reperfusion
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15.5  Haemodynamic Monitoring

15.5.1  Central Venous Pressure (CVP) 
Monitors

An increase in the extracellular volume and 
increased circulatory volume leads to an increase 
in the CVP. Tricuspid regurgitation often is seen 
in a transthoracic echocardiogram consequent to 
which the mean CVP is elevated. While a low to 
normal CVP is advised during hepatectomy, the 
same cannot be practised during recipient hepa-
tectomy. The splanchnic circulation is vasodi-
lated and is unable to contract in response to 
volume losses and the kidney in a patient with 
liver disease is sensitive to hypovolemia and 
acute kidney injury. Although there are reports 
that a reduction in the CVP to less than 6 mm Hg 
in the pre-anhepatic phase can reduce transfu-
sions, decrease duration of mechanical ventila-
tion and pulmonary complications [17], most 
transplant anaesthesiologists would look at indi-
ces of fluid responsiveness and not the CVP for 
fluid management.

15.5.2  Cardiac Output Monitors 
(Table 15.1)

There is no clear consensus on the optimal hae-
modynamic monitoring during surgery. The pul-
monary artery catheter (PAC) is gradually being 
phased out from the operating rooms as it is 
known to induce arrhythmias during introduction 
and complications with its use [18]. There are 
select indications for the use of the PAC in trans-
plant surgery. In today’s scenario, mild to moder-
ate pulmonary artery hypertension and cardiac 
abnormalities in a patient with large oesophageal 
varices contraindicating use of a transoesopha-
geal echocardiographic probe remain as indica-
tions for its use.

Intermittent thermodilution PAC has been 
criticised in its accuracy for assessing cardiac 
output as it is dependent on volume, temperature 
and speed of injectate and timing of the respira-
tory cycle during its administration. In order to 
avoid this confounding effect, the continuous car-
diac output (CCO) monitoring PAC was intro-
duced. The CCO has a thermal filament located 

Table 15.1 Comparison of currently available cardiac output monitors in adults

FloTrac Vigileo PiCCO PAC TEE
Device FloTrac sensor 

with cable
PiCCO thermodilution 
with femoral artery sensor

Swan Ganz—PA 
catheter

TEE probe and echo 
machine

Principle for 
function

Arterial pulse 
contour derived 
cardiac output

Transpulmonary 
thermodilution with 
thermistor in femoral 
artery

Thermodilution 
derived CO

Direct estimation of 
cardiac output

Requirements Radial arterial 
line

Central line for 
thermodilution and a 
femoral arterial line with 
thermistor

PAC catheter floated 
into the pulmonary 
artery

Probe placed in the 
oesophagus or 
stomach

Advantages Simple to use, 
needs no 
calibration

Accurate measurement of 
cardiac output
Additional parameters of 
GEF, EVLW available

Gold standard in CO 
measurement
PA pressures 
measured

Direct estimate of 
cardiac function
Volume replacement
LVOTO, intracardiac 
thrombus identified

Limitations MV at 10 ml/kg 
b.wt
No spontaneous 
breath
No arrhythmias
Accuracy 
uncertain in 
vasoplegic states

Needs calibration
Femoral arterial line in a 
coagulopathic patient
Cost is a limitation

Invasive, ventricular 
arrhythmias
Morbidity associated

Invasive, risk of 
bleeding with varices
Expertise in 
interpretation, 
availability of machine 
and probe

PiCCO pulse contour derived cardiac output, PAC pulmonary artery catheter, GEF global ejection fraction, EVLW 
extravascular lung water, LVOTO left ventricular outflow tract obstruction
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25  cm proximal to the tip that emits pseudo- 
energy random signals producing heat every 
20–30 s. The change in temperature is detected at 
the thermistor located distally and this is used in 
the calculation of cardiac output. A comparison 
between the PAC and transpulmonary thermodi-
lution catheter CCO appears to suggest that the 
values obtained by both methods are comparable 
but there is a poor correlate of cardiac output 
(CO) at reperfusion and at cross clamping [19].

15.5.2.1  Can We Derive Fluid 
Responsiveness?

The cardio-respiratory interactions and variations 
in arterial and pulse pressure are used to deter-
mine the fluid responsiveness. Reverse pulsus 
paradoxus is the phenomenon of increase in 
blood pressure during inspiration and fall in expi-
ration in a patient on mechanical ventilation. 
These systems are derived from arterial pulse 
contour analysis. The technology varies between 
different monitors, uncalibrated devices using 
patient demographics such as the FloTrac-Vigileo 
(Edward Lifesciences) appear user friendly and 
its simplicity allows a wider use amongst non- 
cardiac anaesthetists.

Fluid responsiveness is measured by the varia-
tions in stroke volume across the phases of respi-
ration. A stroke volume variation (SVV) value 
<10% is considered indicative of adequate filling 
during surgery. The pulse pressure variation 
(PPV) is easier in that it does not require a spe-
cialised cable but can be read off the screen of 
compatible monitors. Values above 14% correlate 
with volume responsiveness. Minimally invasive 
monitors however require that the person is on 
mechanical ventilation at 8–10  ml/kg tidal vol-
ume, in sinus rhythm without tachycardia and 
minimal PEEP and without an open thorax.

Newer non-invasive monitors: Clear sight 
(Edwards Life Sciences) can measure CO, blood 
pressure, PPV and systemic vascular resistance 
(SVR) by a digital sensor and wrist cuff. CNAP 
(Lid CO): Continuous non-invasive arterial pres-
sure works on the principle of detecting blood 
volume changes in the finger transforming ple-
thysmographic signals into continuous blood 
pressure information. The components of CNAP 

include an infrared light source, finger pressure 
cuff that inflates and deflates to maintain normal 
volume and an absolute brachial pressure cuff. 
For cardiac output monitoring, the continuous, 
non-invasive blood pressure waveform is anal-
ysed by the validated Pulse CO™ algorithm. 
Arterial lines will be mandatorily placed for 
transplant surgery; hence these non-invasive 
monitors may have a role as a supplementary 
monitor in the future.

PICCO/Volume view appears the most sensi-
tive amongst current monitors as it combines 
transpulmonary thermodilution with arterial con-
tour derived cardiac output. Thermodilution 
assessment of cardiac output is derived by a 
change in temperature of ice-cold saline that is 
detected in the thermistor located in the femoral 
artery. In addition it can determine global end 
diastolic volume and extravascular lung water 
that can predict early volume overload. The 
advantages with the use of these advanced moni-
tors are that it allows an assessment of the sys-
temic vascular resistance and fluid responsiveness 
and allows titration of vasopressors during sur-
gery. A comparison of the EV 1000 (Volume 
view) with the PAC has shown that although the 
limits of agreement was acceptable, trending was 
unreliable between both techniques [20].

The TEE has emerged as a potentially useful 
tool that can give an ongoing feedback of the vol-
ume status, both right and left ventricular con-
tractility, development of outflow tract obstruction 
and diagnosis of rarer embolic and thrombotic 
cardiac events during reperfusion [21].

A recent analysis of 318 patients who under-
went transplant with either or both PAC and TEE 
concluded that outcomes and LOHS were lower 
in patients who had dual monitoring [22]. 
Concerns on the safety of TEE in the presence of 
oesophageal varices were evaluated in 232 
patients. The incidence of variceal rupture and 
haemorrhagic complications was 0.4%. 
Guidelines for the safe use of TEE in liver trans-
plant suggest use of the probe at mid- oesophageal 
level, avoidance of advancement in the flexed 
position, refraining from excessive manipulation 
in difficult advancement and to keep the probe in 
freeze position when not in use [23] (Table 15.1).
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15.5.2.2  Induction Agents
Anaesthesia induction is performed with an anx-
iolytic, lorazepam 1–2  mg, along with fentanyl 
2 μg/kg and propofol titrated to a loss of verbal 
response. Lorazepam has a high hepatic extrac-
tion ratio and is predominantly metabolised by 
conjugation in the liver. Its duration of action is 
not altered in cirrhotics. Benzodiazepines can 
cause hepatic encephalopathy after 2–3 days of 
administration but in the setting of transplant is 
unlikely to cause residual effects. Lignocaine 
1 mg/kg can obtund the intubation responses and 
is given prior to thge administration of propofol.

Among induction agents, propofol appears to 
be the safest in patients with CLD. Thiopentone 
and etomidate can decrease hepatic blood flow by 
an increase in hepatic vascular resistance and 
decrease in cardiac output. Propofol can increase 
total hepatic blood flow by increasing the portal 
and hepatic arterial blood flow component. 
Propofol, etomidate and ketamine are lipid soluble 
with a high hepatic extraction ratio. Their duration 
of action is not prolonged and elimination half-
lives are similar to normal adults. Ketamine and 
etomidate can be used when the blood pressures 
are low when the use of propofol can decrease the 
blood pressures. Dexmedetomidine has a 
decreased half-life and prolonged clearance in 
patients with hepatic dysfunction part of which 
could be due to altered protein binding [24].

Although fentanyl is lipid soluble with a short 
half-life, redistribution to storage sites occurs and 
prolonged administration results in cumulative 
effects. Remifentanil is metabolised by tissue 
esterases that hydrolyse the ester linkage and its 
elimination is independent of liver function and 
is the safest opioid for use in patients with liver 
diseases.

Volatile anaesthetics: The hepatic blood flow 
is determined by dual flow through the portal 
vein and hepatic artery, the two having a semi- 
reciprocal relationship called the hepatic arterial 
buffer response (HABR). This implies that a fall 
in portal vein flow is compensated by an increase 
in hepatic arterial flow through the release of 
adenosine which is a vasodilator but the converse 
cannot occur. A fall in blood pressure can reduce 

the liver blood flow and this can be corrected by 
drugs that increase the mean arterial pressure 
(MAP).

The role of inhalational gents in patients with 
liver disease is thought provoking. The only 
agents consistently known to decrease hepatic 
blood flow are halothane and enflurane that are 
not used today. Sevoflurane prevents hepatic arte-
rial vasoconstriction and is equivalent or superior 
to isoflurane in preservation of hepatic arterial 
blood flow. Sevoflurane preserves hepatic oxygen 
delivery and oxygen consumption delivery ratio 
as measured by hepatic venous oxygen satura-
tion. Compound A that is produced with pro-
longed anaesthesia with sevoflurane is devoid of 
side effects on the liver. All inhalational anaes-
thetics can produce a mild transaminitis that is 
clinically not relevant. Desflurane, sevoflurane 
and isoflurane are safe for use in CLD patients 
undergoing transplant.

Ischaemic preconditioning with sevoflurane 
has provoked interest in hepatic surgery. Animal 
studies have shown that sevoflurane precondi-
tioning reduces hepatocellular injury and reduces 
acidosis in liver ischaemia. Postconditioning 
with sevoflurane promoted superior haemody-
namic recovery with a decrease in inflammatory 
responses [25]. Currently it is perhaps the most 
widely used inhalational anaesthetic during liver 
transplantation surgery.

15.5.3  How Do I Intubate a Patient 
with CLD for Transplant? Is RSI 
Mandatory?

There is evidence of delayed gastric emptying in 
patients with ESLD.  Gastric volumes and con-
tents are higher with more advanced liver disease 
(Child C), concurrent opiate usage and co- 
existent diabetes [26] (Fig. 15.2). Need for RSI is 
at the discretion and experience of the anaesthe-
siologist. In any ESLD patient, large tense asci-
tes, bleeding esophageal varices and a history of 
esophageal reflux may mandate RSI while lower 
MELD scores and controlled ascites can allow 
intubation by conventional techniques.

L. Kumar
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The use of succinylcholine in RSI should be 
with the knowledge of a possible prolonged dura-
tion of action due to decreases in the enzyme 
pseudocholinesterase produced by the liver. In 
the presence of contraindications for the use of 
suxamethonium, rocuronium can be used to facil-
itate an RSI in a reduced dose 0.9  mg/kg. 
Sugammadex is not freely available as yet in 
many instititions hence the use of rocuronium 
should be limited in patients in whom airway 
control can be established with reasonable safety.

Atracurium and cis atracurium have non-end 
organ-dependent routes of elimination and are 
preferred over vecuronium or pancuronium for 
maintenance of neuromuscular blockade. 
Atracurium at a dose of 0.5 mg/kg for intubation 
followed by 0.3–0.6 mg/kg/h and cis atracurium 
at 0.15 mg/kg for intubation and 2 mcg/kg/min as 
infusion can be used.

15.6  Depth of Anaesthesia 
Monitoring During Liver 
Transplant Surgery

The Bispectral Index (BIS) monitor is useful to 
monitor the depth of anaesthesia during trans-
plant surgery. The BIS is a weighted sum of sev-
eral EEG parameters that is summated as a 
number ranging from 0 (EEG silence) to 100. A 
value between 40 and 60 correlates with an ade-
quate depth of anaesthesia. In a study looking at 
end tidal (ET) concentrations of isoflurane in 
healthy liver donors, patients with HCC and cir-
rhotis revealed lowest values of ET isoflurane in 
cirrhotics emphasising the need for a depth of 
anaesthesia monitoring in patients with impair-
ment of liver function [27]. The requirement of 
desflurane guided by the BIS is significantly 
reduced in the anhepatic and neohepatic phases 
of orthotopic liver transplant surgery [28].

NIRS (near infrared spectroscopy) is a non- 
invasive measurement of cerebral oxygenation. 
Studies evaluating this have shown absence of 
cerebral blood flow autoregulation during liver 
transplantation [29]. A decrease in cerebral oxim-
etry was seen preceding onset of vascular com-
plications during orthotopic liver transplantation 
surgery [30].

15.7  Fluid Management in Liver 
Surgery

Balanced salt solutions are emerging as replace-
ment solutions of choice as they contain a base of 
lactate or acetate. Normal saline administration 
raises concerns regarding hyperchloremia and 
dilutional acidosis. Hyperchloremia could 
increase renal dysfunction by activation of the 
rennin angiotensin aldosterone axis and by renal 
arteriolar vasoconstriction. In the context of 
hepatic hypoperfusion or dysfunction, lactate 
administered extraneously is inadequately bro-
ken down in the liver and lactic acidosis could 
ensue. Acetate solutions do not interfere with lac-
tate metabolism by the liver as they have an 
extrahepatic metabolism. Additionally they do 
not increase gluconeogenesis in the liver, release 
bicarbonate faster than lactate containing solu-
tions and may be superior in diabetics and in situ-
ations where lactate measurements are followed 
as markers of tissue perfusion.

The SOLAR trial that evaluated Ringer’s lac-
tate versus normal saline in elective colorectal 
and orthopaedic surgery concluded that the over-
all outcomes and renal injury were similar 
between both groups [31].

However, the SALT-ED trial and the SMART 
study showed that the use of balanced salt solu-
tions versus normal saline significantly reduced 
the incidence of AKI. The SMART trial showed 
an improved postoperative outcome in the bal-
anced salt groups [32, 33].

It appears intuitive that administration of col-
loid can reduce the volume of transfusion; how-
ever amongst synthetic colloids, starches have 
fallen in disrepute after several studies have 
shown a higher incidence of renal dysfunction in 
sepsis. A retrospective analysis of 174 liver trans-
plants at a single centre showed that the risk of 
AKI was threefold in patients who received HES 
130/0.5  in comparison to patients who had 
received albumin [34].

Gelatins are possible alternatives although 
concerns regarding anaphylaxis and coagula-
tion remain. Albumin is the colloid of choice in 
liver dysfunction but at a high cost; availability 
and potential disease transmission remain as 
concerns.
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15.8  Coagulation Monitoring 
and Guidelines for Product 
Transfusion

It is now well understood that the coagulation in 
liver disease is “rebalanced”. This implies that 
despite a platelet count that is lower or a pro-
thrombin time that is prolonged, patients may be 
predisposed to thrombosis and that this delicate 
balance can be pushed to either hyper- or 
hypo-coagulability.

Transfusions during liver transplantation are 
associated with higher rates for re-exploration, 
length of hospital stay and mortality. An increased 
use of products also has a negative impact on 1-year 
and 5-year graft survival [35]. Transfusion of FFP 
besides increasing the concentration of deficient 
clotting factors can also increase levels of factor 
VIII and vWF and precipitate thrombosis [36].

Static tests such as the prothrombin time and 
activated partial thromboplastin time cannot reli-
ably predict coagulation within the body as they 
only measure the availability of clotting factors 
and do not measure the absence of naturally 
occurring anticoagulant substances. In liver dis-
ease, along with the decrease in clotting factors, 
there is a decrease in the circulating anticoagu-
lants, protein C and protein S. Also the decrease 
in thrombomodulin found on the endothelial sur-
face that activates the protein C cannot be mea-
sured by static tests.

Studies have shown that viscoelastic tests of 
coagulation are normal in stable cirrhotics even 
when static tests are deranged [37].

Viscoelastic coagulation monitoring or point 
of care tests (POCT) involve graphs derived 
from viscoelastic strength of clot from a sample 
of blood that is agitated after the addition of a 
clot initiator. The two currently popular tests 
include thromboelastography TEG (Haemonetics 
Corporation, Braintree, MA) and rotational 
thromboelastometry ROTEM (TEM International 
GmbH, Munich, Germany) [38]. ROTEM 
appears to be more refined in its technique for 
automatic sampling and reagent wise grouping 
of coagulation defects and thereby directed 
transfusion of specific products. The FLEV in 
TEG is a modification that allows an estimate of 
fibrinogen levels at the time of measurement and 
is used similar to the FIBTEM in ROTEM assays 
(Figs. 15.3 and 15.4). A combination of EXTEM 
and FIBTEM has been found to be useful in the 
coagulation management of transplant 
(Fig.  15.5). The indications for fibrinogen cor-
rection are laboratory values less than 100 mg/
dL or between 100 and 200 mg/dL in the pres-
ence of bleeding. The 10-minute amplitude on 
the FIBTEM A10 below 5–8 mm is also consid-
ered an indication for fibrinogen transfusion 
[39]. It is prudent to base all transfusions based 
upon a clinical assessment of bleeding in combi-
nation with the POCT.

Fig. 15.3 TEG with 
kaolin showing delayed 
lysis

L. Kumar



195

Fig. 15.4 TEG 
functional fibrinogen 
(FF/FLEV) showing 
fibrinolysis

EXTEM 2016-09-29   12:54

CT: CFT:68s 136s 72˚α:

A10: 40mm A20: MCF:47mm 50mm

2: FIBTEM 2016-09-29   12:55

CT: CFT:71s -  s 68˚α:

A10: 12mm A20: MCF:13mm 13mm

2:

Fig. 15.5 EXTEM and FIBTEM assays of ROTEM viscoelastic testing

Prothrombin complex concentrates (PCC) are 
prepared from the supernatant of pooled cryopre-
cipitate by ion exchange chromatography. A three 
factor PCC contains factors II, IX and X and four 
factor PCC additional factor VII alongwith 
endogenous inhibitor proteins C and S.  A vial 
reconstituted to 20  ml provides 25  IU/ml stan-
dardised to the factor IX level. A retrospective 
study in 120 patients undergoing transplant has 
shown that the use of PCC as a primary modality 
for coagulation correction reduced transfusion of 
red cells and did not increase incidence of throm-
boembolic complications [40].

15.8.1  Fast Tracking in Liver 
Transplant

In a country constrained by financial and hospital 
resources fast tracking appears as an option that 
can be considered. A retrospective study on fif-
teen patients at an Indian centre has suggested the 
option of fast tracking in a select group of patients 
with stable haemodynamics, minimal transfusion 
and optimal vascular anastomosis and good-sized 
graft [41]. This may become an accepted man-
agement in this select group with time.

15 Intra-operative Management of Transplant Recipient: An Overview
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15.9  Conclusion

The advances in surgery and anaesthesia care are 
evolving and the anaesthetist needs to update with 
ongoing practices. Appropriate preoperative assess-
ment and optimal haemodynamic monitoring and 
meticulous attention to the finest detail are crucial 
for the best outcomes after surgery. Ultrasonography 
is becoming irreplaceable for safe insertion of inva-
sive lines in these patients. Transoesophageal echo-
cardiography despite being rated as the best is slow 
to appear in the transplant scene, probably due to 
bleeding concerns and costs. Viscoelastic testing of 
coagulation and availability of clotting factor con-
centrates have avoided fluid overloading in patients 
and improved outcomes. Improved experience in 
management has introduced fast tracking as part of 
management strategies. With growing awareness of 
the risk profiles an optimal management directed 
postoperatively can improve outcomes.

Key Points
• Optimal preoperative preparation 

improves patient outcome after LT.
• High-risk patients are those with higher 

MELD score, low BMI, hyponatraemia, 
extreme sarcopenia and those on 
mechanical ventilation.

• Preoperative monitoring of laboratory 
parameters and blood cultures close to 
surgery are important.

• Ultrasonography is becoming irreplace-
able for safe insertion of invasive line.

• CVP monitoring is still essential although 
its role in fluid management is debated.

• Newer non-invasive cardiac output 
monitor measuring CO, PPV and SVR 
is a good guide in patient management 
intra-operatively.

• TEE is a useful tool for giving information 
on volume status, right and left ventricular 
contractility and to detect thromboem-
bolic issue during reperfusion.

• Balanced salt solutions are the fluids of 
choice.

• Viscoelastic test guides blood and prod-
uct transfusion.
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16Ischemia–Reperfusion Injury

Chandra Kant Pandey , S. S. Nath , 
and Manish Tandon 

Abbreviations

ALT Alanine aminotransferase
AST Aspartate aminotransferase
ATP Adenosine triphosphate
cAMP Cyclic adenosine monophosphate
DNA Deoxyribonucleic acid
ER Endoplasmic reticulum
GM-CSF Granulocyte-macrophage colony- 

stimulating factor
HO-1 Hemeoxygenase-1
HSP-70 Heat shock protein 70
IL Interleukin
IPC Ischemic preconditioning
IPostC Ischemic postconditioning
IR Ischemia reperfusion
IRI Ischemia–reperfusion injury
KC Kupffer cells
LDH Lactate dehydrogenase
LT Leukotriene
MDA Malondialdehyde
NO Nitric oxide
PKA Protein kinase A
RAS Renin angiotensin system

ROS Reactive oxygen species
SIRT Sirtuin
TNF Tumor necrotizing factor

16.1  Introduction

Ischemia has always been associated with imme-
diate as well as delayed adverse consequences. 
Restoration of perfusion to ischemic tissues can 
also have adverse consequences. Reperfusion 
being invariably associated with ischemia and 
consequences of reperfusion are clubbed with 
those of ischemia and are together referred to as 
ischemia–reperfusion injury (IR).

Ischemia–reperfusion injury is referred in the 
context of solid organ transplantation, but has 
implications for varied vascular intervention like 
for peripheral vascular diseases, cardiac coronary 
interventions, and for vascular composite free 
myo-cutaneous flap surgery. The clinical mani-
festations of ischemia–reperfusion injury include 
myocardial hibernation, reperfusion arrhythmias, 
renal dysfunction, and multiple organ dysfunc-
tion syndrome. The pathophysiology underlying 
IR injury is same, yet subtle differences exist 
depending upon the organ and tissue bed affected. 
Therapeutic approaches therefore differ accord-
ing to the injured organ, and it is important to 
manage immediate consequences of reperfusion 
following ischemia and subsequent impact on 
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outcome of surgical intervention and implica-
tions for patient mortality and morbidity.

The pathophysiology of ischemia–reperfu-
sion injury and pharmacological and non- 
pharmacological interventions to curtail the 
ischemia–reperfusion injury and recent advances 
in this context are discussed in this chapter.

16.2  Pathophysiology

There are two components of ischemia–reperfu-
sion injury:

 1. Ischemia
 2. Reperfusion

16.2.1  Ischemia

Ischemia/reperfusion injury (IRI) is tissue dam-
age induced by blood deprivation (ischemia) fol-
lowed by reperfusion, during which a large 
number of various mediators are released that can 
lead to cellular and, eventually, organ dysfunc-
tion. The injury process is more extensive during 
the reperfusion period than the period of isch-
emia [1]. Ischemia deprives the tissue of meta-
bolic supplies and oxygen leading to accumulation 
of metabolic wastes. Absence of oxygen supply 
causes depletion of energy reserves, Adenosine 
triphosphate (ATP) and glycogen in the ischemic 
tissue. Sodium-Potassium (Na-K) pumps that 
maintain the electrolytes gradient across the cell 
membrane being energy dependent, depleted 
energy reserves following ischemia, and shut 
down these NA-K pumps. Ion gradients across 
the cellular membrane are therefore not main-
tained [1]. Sodium ions move down the concen-
tration gradient from extracellular space into the 
cells, whereas potassium ions move from intra-
cellular space to extracellular milieu. The meta-
bolic activity in the tissue switches from aerobic 
to anaerobic pathways causing lactate accumula-
tion and intracellular acidosis. A vicious cycle is 
created with progressive decrease in efficacy of 
the energy apparatus of the cells. Reduced intra-
cellular pH further inhibits glycolysis that cur-

tails the safe ischemia period and glycogen 
reserves remain underutilized [2].

Reduced intracellular pH with increased 
hydrogen ion concentration activates the Sodium/
Hydrogen antiporter pumps to cause rise in intra-
cellular sodium concentration. Increased intra-
cellular sodium concentration causes secondary 
rise in intracellular calcium concentration. 
Sodium-calcium antiporter exchange pumps are 
inhibited with resultant accumulation of calcium 
in the cytosol [1, 2]. Calcium is also released 
from mitochondria via the mitochondrial Na+-H+/
Ca2+ exchange pumps following rise in sodium 
and hydrogen ion concentration in cytosol. The 
raised intracellular calcium ion concentration 
binds and activates the regulatory protein calmod-
ulin, which then activates Ca2+-calmodulin- 
dependent protein kinases, phospholipase A2, and 
proteases and causes degranulation from vesicles 
thereby releasing proinflammatory chemokines 
and cytokines like interleukin-8, Von-Willebrand 
factor, p-selectin, etc. [2].

Intracellular acidosis disrupts the hydrogen 
ion gradient across the mitochondrial membrane 
and thus ATP generation comes to a halt. 
Increases in reactive oxygen species (ROS) in the 
mitochondria, in the setting of increased intracel-
lular Ca2+ and elevation of inorganic phosphate 
(Pi) levels due to accelerated ATP breakdown, 
prime the Mitochondrial-membrane Permeability 
Transition Pore (MPTP). But during the ischemic 
phase the low intracellular pH inhibits the MPTP 
opening [1, 2]. Thus, the duration of ischemia 
that a tissue may tolerate is decided by the extent 
of metabolic activity of the tissue and the tissue 
reserves for metabolic supplies. Brain with very 
high metabolic activity with no or very minimal 
metabolic reserves is highly susceptible to isch-
emia whereas muscles with reasonable glycogen 
reserves can tolerate ischemia for a considerable 
period of time before irreversible injury may 
happen.

16.2.2  Reperfusion

The reperfusion of ischemic tissue triggers a 
series of local and systemic pathophysiologic 
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pathways which culminate in cell death by necro-
sis, apoptosis (programmed death), and autoph-
agy. Necrosis is an uncontrolled phenomenon 
and is associated with the state of inflammation 
whereas apoptosis is a regulated and programmed 
cell death without inflammation. Apotosis is a 
form of programmed cell death that is achieved 
by intracellular changes associated with reperfu-
sion following ischemia and includes increased 
ROS production and sequestration of intracellu-
lar Ca2+ into mitochondria via the Na+-Ca2+ anti-
porter upon return to normal intracellular 
pH. Oxygen free radicals generated during isch-
emia and upon reperfusion are key for opening of 
MPTP. During the ischemic phase, MPTP which 
was kept from opening by low intracellular pH, 
correction of acidosis upon reperfusion, allows 
opening of MPTP and drives necrotic cell death 
by mitoptosis. MPTP pore opening results in 
increased permeability of the outer mitochondrial 
membrane and the release of proapoptotic pro-
teins (such as cytochrome C). Loss of cytochrome 
C from the mitochondrial membrane initiates the 
vicious cycle of decreased aerobic cellular respi-
ration and increased ROS and consequently 
increased apoptosis activity [1, 2]. During nor-
mal physiological conditions also, there is a con-
tinuous, low magnitude leak of electrons from 
the electron transport chain resulting in the for-
mation of ROS. But during IR, this electron leak 
is amplified and ROS formation is enhanced. 
Mitochondria contain Mn-superoxide dismutase 
(MnSOD), glutathione and glutathione peroxi-
dase, thioredoxin-2, and glutaredoxin, which 
neutralize the ROS and help repair the cell but 
these are overwhelmed during ischemia and 
reperfusion [1, 2].

ROS generated during IR activate proapop-
totic proteins, e.g., B cell lymphoma-2 gene (Bcl- 
2) homology (BH) domains coded BH3-only 
proteins. These ROS are produced from enzy-
matic sources as well as from non-enzymatic 
sources [2]. Enzymatic sources include the xan-
thine oxidase system, NADPH oxidase system, 
mitochondrial electron transport chain, and 
uncoupled nitric oxide synthase (NOS) system. 
Non-enzymatic sources include hemoglobin and 
myoglobin [2]. Xanthine oxidase system, 

NADPH oxidase system, and mitochondrial elec-
tron transport chain are implicated in oxidative 
stress induced dysfunction in the intestine, lung, 
heart, brain, muscle, liver, pancreas, stomach, 
and kidney, whereas the NOS is considered to 
play a role in the liver, heart, and aortic endothe-
lial cells dysfunction [2]. These enzymatic sys-
tems are the targets of virtually all the therapeutic 
interventions aimed at managing the ischemia–
reperfusion injury.

Neo-antigens are expressed in ischemic tissue. 
Innate and adaptive immune systems of body 
mount autoimmune response subsequently upon 
reperfusion against these neo-antigens with con-
sequent activation of the complement system and 
inflammatory pathways [2]. Leukocytes, neutro-
phils, and platelets are activated which then prop-
agate the systemic ill effects of reperfusion 
following ischemia [2]. Tumor necrosis factor-α 
(TNF-α) is released from activated macrophages 
and is an important proapoptotic agent through 
the induction of multiple cellular pathways, 
including non-canonical Nuclear Factor-kappa B 
(NF-κB). The activation of NF-kB regulates cell 
survival, apoptosis, and inflammation, via effec-
tors such as MnSOD, Bcl-2, TNF-α, ICAM, and 
P-selectin [2].

The liver is one of the most frequently affected 
organs. Liver transplantation-associated IRI 
plays an important role in the induction of graft 
injury. Prolonged cold ischemia time remains a 
risk factor for poor liver graft outcome, espe-
cially when steatosis is present. Steatotic liver 
exhibits endoplasmic reticulum (ER) stress, 
which occurs in response to cold IRI. Also, there 
is defective liver autophagy which correlates 
with liver damage [3]. IR (ischemia–reperfusion) 
associated with hepatic resections and liver trans-
plantation remain a serious complication in clini-
cal practice. The redox balance, which is pivotal 
for normal function and integrity of tissues, is 
dysregulated during IR, leading to an accumula-
tion of reactive oxygen species (ROS). ROS are 
normally generated during the mitochondrial 
energy metabolism via oxidative phosphoryla-
tion in the respiratory chain. The redox balance is 
well maintained because of the presence of anti-
oxidant systems. During IR the production of 
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ROS is increased manyfold and so this delicate 
balance is disturbed. This increased ROS con-
sumes the endogenous antioxidants and induces 
the expression of antioxidant enzymes in order to 
maintain the redox balance. When the IR is 
severe, inadequacy of the compensatory 
responses becomes evident. This gives rise to 
oxidant stress leading to inflammatory responses 
and hepatic damage [4].

The destructive effects of IR result from the 
acute generation of ROS subsequent to oxygen-
ation. These ROS inflict tissue damage and initi-
ate a cascade of deleterious cellular responses 
leading to inflammation, cell death, and organ 
failure. This is the reason why formation of ROS 
and oxidative stress are the mechanisms of IR 
that are most commonly debated upon. During 
IR-induced donor hepatic damage, oxidant stress 
depends on the donor conditions (steatotic, small 
for size, and aged livers). These marginal livers 
suffer more pronounced oxidant stress from 
exposure to IR compared to histologically nor-
mal livers [4].

The hepatic IR injury can be divided into ini-
tial and late phases. The initial phase which 
occurs within 2  h of reperfusion wherein the 
excessive ROS cause tissue damage and cell 
death by binding and altering cellular macro-
molecules (including DNA, proteins, and lip-
ids), thus affecting their function. There is also 
activation of macrophages which are the pri-
mary source of extracellular ROS. This, in turn, 
leads to endothelial injury and further release 
of proinflammatory cytokines [5, 6]. There is 
also activation of Kupffer cells (KC), which is 
further amplified by CD4+ T lymphocytes via 
Granulocyte-Macrophage Colony-Stimulating 
Factor (GM-CSF) and interferon gamma. 
Xanthine dehydrogenase is metabolized to xan-
thine oxidase during hypoxia, and upon reper-
fusion, it reacts with oxygen to produce 
ROS. Oxidant stress is a potent trigger of mito-
chondria permeability and transition pore open-
ing in hepatocytes. As a result, the mitochondrial 
membrane potential collapses leading to failure 

of ATP production and finally cell death [7]. In 
the late phase of injury, which occurs between 6 
and 24 h after reperfusion, an evolving inflam-
matory process occurs that is mediated by oxi-
dants of extrahepatic cellular origin [8]. This 
late phase of IR injury is caused by neutrophil 
activation, ROS, TNF-alpha, and IL-1beta, and 
it results in more substantial injury. There is 
also upregulation of and expression of induc-
ible nitric oxide synthase, creating large quanti-
ties of NO that results in further creation of 
ROS and oxidative stress in marginal livers 
undergoing IR [9].

 1. Steatotic liver: Fatty hepatocytes have an 
increased sensitivity to the injurious effects of 
ROS and thus they tolerate poorly the 
onslaught of IR. These livers are more suscep-
tible than nonsteatotic livers to lipid peroxida-
tion because of either lower antioxidant 
defense or their greater production of ROS or 
both [10].

 2. Aged liver: Age had been postulated to influ-
ence the sensitivity of the liver to oxidative 
stress. All the information had been derived 
from animal studies. During warm ischemia, 
mature adult mice had increased neutrophil 
function, increased intracellular oxidant, and 
decreased mitochondrial function compared 
with young adult mice. A vicious cycle has 
been proposed, in which damaged mitochon-
dria produce progressively greater amounts of 
ROS, leading to progressively greater damage 
to mitochondrial, cytosolic and nuclear com-
ponents, and finally resulting in dysfunctional 
mitochondria. Also, mature mice liver had 
much lower hepatic expression of a cytopro-
tective protein, heat shock protein 70 (HSP70), 
than did young adult mice [4].

 3. Small-for-size liver graft: Small-for-size 
liver grafts are more vulnerable to IR injury 
after transplantation than are standard-size 
liver grafts [11]. ROS originating after reper-
fusion are known to induce DNA damage and 
inhibit cell division after hepatectomy [12].
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16.3  Global Effects of Hepatic 
Ischemia–Reperfusion Injury

Deleterious effects of hepatic ischemia–reperfu-
sion injury are not limited to the liver alone but 
also involve several distant organs like kidneys, 
myocardium, lungs, pancreas, intestine, and 
adrenals leading to their dysfunction and injury. 
Thus, it represents an event with global conse-
quences. This involvement of multiple organs 
leads to multiple organ dysfunction syndrome. 
Remote organ injury seems to be, in part, the 
result of the oxidative burst and the inflammatory 
response following reperfusion [13].

 1. Injury to the Kidneys: The mechanism of 
renal injury following hepatic IRI is multifac-
torial. The trigger for renal injury seems to be 
portal hypertension, which occurs due to por-
tal vein occlusion, which is an important step 
in the vascular control of the liver during 
hepatic surgery. This leads to splanchnic 
vasodilation with subsequent infrarenal vaso-
constriction. Splanchnic vasodilation leads to 
hypotension which in turn leads to activation 
of renin angiotensin system (RAS). 
Upregulation of RAS can cause severe reduc-
tion of glomerular filtration rate, urinary 
sodium excretion, and free water excretion. It 
has been proposed that intense infrarenal isch-
emia subsequent to RAS activation leads to 
renal tubular necrosis and renal dysfunction 
[13]. Other mechanisms have also been pro-
posed including systemic inflammatory 
response following hepatic IRI leading to 
renal injury [14].

 2. Myocardial Injury: A porcine model of liver 
IR showed a relatively subtle yet consistent 
injury to the myocardium early after liver 
ischemia/reperfusion, manifested mainly by 
increase in cardiac troponin I blood levels and 
confirmed histologically by myocardiocyte 
necrosis [15].

 3. Lung Injury: Lung injury and acute respira-
tory distress syndrome can severely compli-
cate the postoperative course following liver 
transplantation. Lung injury occurs following 
extensive hepatectomies and reperfusion of 

donor liver during transplantation. The mech-
anism is again multifactorial. One of the pro-
posed mechanisms is the release of TNF-α 
from reperfused Kupffer cells, which interacts 
with pulmonary capillaries and elicits the 
expression of adhesion molecules, such as 
E-selectin, leading to migration of neutrophils 
and subsequent lung injury [16]. In combina-
tion with TNF-α, a variety of proinflamma-
tory molecules are released from the 
reperfused liver and have been found to medi-
ate lung injury after hepatic IR.  Another 
important mechanism is the translocation of 
endotoxin to the systemic circulation and spill 
over into the pulmonary circulation because 
of insufficiency of Kupffer cells. Bacterial 
translocation is evident after liver resection 
under vascular control even after the creation 
of a portosystemic shunt. Oxidative stress 
during hepatic IR has been consistently shown 
to play a crucial role in the development of 
lung injury.

 4. Gut Injury: Gut barrier failure in the form of 
bacterial and/or endotoxin translocation as 
well as other forms of intestinal dysfunction 
including motility, transit time, and absorp-
tion function changes has been reported fol-
lowing liver IR [17]. Multiple causes have 
been proposed, but the exact pathophysiol-
ogy is unclear. Experimental data suggest 
that intestinal mucosa oxidative injury results 
from the effect of liver-produced ROS, which 
are “spilled” in the systemic circulation. The 
proposed mechanism of oxidative injury to 
the gut mucosa from liver derived ROS is 
damage of the tight junctions between 
enterocytes, which results in increased per-
meability and gut barrier failure. Another 
suggested mechanism is congestion of the 
portal venous system because of the Pringle 
maneuver. Apoptosis is also implicated in 
gut mucosal injury following liver ischemia 
and reperfusion, since it is already known 
that extracellular free radicals can induce 
cell apoptosis [17].

 5. Pancreatic Injury: Pancreatic dysfunction 
and rarely acute pancreatitis have been 
reported following hepatectomies. Although 
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the reason is unclear, the key factor of post- 
hepatectomy pancreatitis is thought to be the 
production of ROS, resulting in remote organ 
injury. The measured MDA (malonaldehyde) 
content of portal blood and pancreatic tissue 
samples, which suggested lipid peroxidation 
and oxidative damage, increased during liver 
reperfusion. In addition, there was increased 
amylase and c-peptide levels during reperfu-
sion and histological evidence of pancreatic 
necrosis [18]. These data support the hypoth-
esis that ROS and oxidative stress, as assessed 
by lipid peroxidation and tissue necrosis, play 
a crucial role in pancreatitis following liver 
ischemia/reperfusion combined with hepatec-
tomy [18].

 6. Adrenal Injury: Relative adrenal dysfunc-
tion following liver ischemia/reperfusion has 
been reported to have an incidence of 92% 
[19]. Moreover, there are reports of macro-
scopic injury to the adrenals following hepa-
tectomy under vascular control and orthotopic 
liver transplantation. A possible proposed 
mechanism is the decreased levels of high- 
density lipoprotein (HDL) after liver trans-
plantation and thus decreased cortisol 
synthesis. HDL levels have been shown to be 
a predictor of posttransplant relative adrenal 
insufficiency [20]. During the anhepatic 
phase, the liver does not produce apoA-1 
(which is essential for the formation of HDL) 
for a number of hours. In addition, the trans-
planted liver suffers IRI that is responsible for 
postoperative liver dysfunction. ApoA-1 has a 
relatively short half-life and, therefore, the 
HDL levels are decreased after transplanta-
tion. Liver IR has been shown to increase the 
levels of endotoxin, as well as various cyto-
kines, which have been shown to inhibit ste-
roidogenesis. These cytokines have been 
shown to decrease synthesis and secretion of 
apoA-1 [21]. Endotoxin has been reported to 
bind to the HDL receptor, neutralizing it [20]. 
Also, TNF-α has been demonstrated to 
directly inhibit steroidogenesis and increase 
resistance to cortisol [20].

16.4  Measures to Ameliorate 
Hepatic Ischemia–
Reperfusion Injury

16.4.1  Pharmacological Measures

 1. Melatonin: Melatonin is a powerful antioxi-
dant produced by the pineal gland. Melatonin 
and its metabolites have potent antioxidant/
anti-inflammatory properties and have been 
proved to be highly effective in a variety of 
disorders linked to inflammation and oxida-
tive stress. Melatonin not only neutralizes 
reactive nitrogen species (RNS) and reactive 
oxygen species (ROS) but also stimulates sev-
eral antioxidant enzymes, such as SOD, 
GRed, and GPx thereby stabilizing cell mem-
branes [21]. The combined protective effects 
of melatonin and trimetazidine as additives to 
the Institute George Lopez 1 (IGL-1) solution 
improved steatotic liver graft preservation. It 
achieves this through activation of adenosine 
monophosphate activated protein kinase 
(AMPK) which in turn reduces ER stress and 
promotes autophagy after cold IR [22]. Since 
melatonin is endogenously produced and has 
a low toxicity profile, and upto 5 miligrams 
per kilograms of melatonin is well tolerated. 
Beyond 5 mg/kg, melatonin has been reported 
to cause elevation of liver enzymes, plasma 
creatinine, and LDH levels [22]. Thus, 
although melatonin shows promise in reduc-
ing damage and molecular changes associated 
with IRI, the biological functions of melato-
nin remain only partially characterized and 
further human studies are needed [21].

 2. Role of Anesthetic Inhalational Agents: The 
prognosis of IRI can be improved by inhibit-
ing the expression of endogenous cytokines. 
Also, sevoflurane pretreatment group had sig-
nificantly lower TNF-alpha, IL-8, and IL-6 
concentration. There was much increased 
IL-10 level. Also, MDA (malondialdehyde) 
and nitric oxide (NO) were lower and SOD 
concentrations were significantly higher in 
this group compared with the group not 
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treated with sevoflurane. Sevoflurane had 
been reported to significantly reduce IRI by a 
variety of physiological processes like reduc-
ing oxygen free radicals, inhibiting inflamma-
tory reactions, reducing intracellular calcium 
overload as well as improving the energy 
metabolism of liver cells [23, 24]. Isoflurane, 
another inhalation agent, which is more com-
monly used, also can protect against isch-
emia–reperfusion injury at clinically relevant 
levels [25].

 3. Sirtuins: To date, seven sirtuins have been 
described in mammals. Sirtuin 1 (SIRT1) 
plays an important role in several processes 
ranging from cell cycle regulation to energy 
homeostasis. They have emerged as critical 
modulators of various processes including 
those that contribute to pathogenesis of 
IRI. SIRT1 has been shown to exert its benefi-
cial effect against oxidative stress and hypoxic 
injury or inflammation associated with 
IRI.  Also, studies have demonstrated key 
roles for SIRT1 and SIRT3 in brain, heart, and 
kidney IRI. However, the protective effects of 
these sirtuins against IRI in the liver have not 
been demonstrated [26]. SIRT1 had been 
shown to have protective effects of hyperbaric 
oxygen preconditioning against apoptosis in 
the rat brain. However, its possible implica-
tion in IPC-related mechanisms in other 
organs, including the liver or kidney, remains 
to be elucidated [26].

 4. Octreotide: Octreotide is a synthetic octapep-
tide. It resembles somatostatin in physiologi-
cal activities, reduces portal hypertension, 
retards gastrointestinal tumor growth, and 
also inhibits the release of growth hormone. 
Inhibition of autophagy after IR can lead to 
increased hepatocyte death. Induction of 
autophagy can protect animals from hepatic 
IR injury. In a rat IR model, it was shown that 
single dose of octreotide conferred hepatopro-
tective effects [27]. It was speculated that the 
protective effects of octreotide was by induc-
tion of heme-oxygenate 1 enzyme (HO-1). 
HO-1 is a stress inducible enzyme that has 
anti-inflammatory, antiapoptotic, and antioxi-

dant properties. During hepatic IR, HO-1 has 
been shown to confer its protection by modu-
lating oxidative stress and inflammation [27].

 5. Montelukast: Montelukast is a selective 
reversible cys LT-1 receptor antagonist which 
was used in asthma and reduced eosinophilic 
inflammation. In a rat model, rats were pre-
treated with 7 mg/kg of montelukast 30 min 
prior to ischemia. Compared to control group, 
those pretreated with montelukast had mark-
edly attenuated liver tissue injury and liver 
damage as evidenced by reduced serum AST, 
ALT, LDH, TNF-alpha, IL-1B, MDA (malo-
ndialdehyde), and myeloperoxidase (MPO) 
levels after hepatic ischemia of 45 min. In the 
control group, hepatic IRI induced marked 
increase in cysL TR1, Caspase-8 and caspase-
 9 protein expression in the liver [28]. Thus, it 
was concluded that montelukast reduces IR- 
induced neutrophil accumulation, oxidative 
stress, and liver dysfunction. The therapeutic 
effects of montelukast on IRI can be attributed 
to its ability to inhibit neutrophil infiltration 
and regulate generation of inflammatory 
mediators. Thus, it could have a future role in 
the treatment of liver failure due to IRI [28].

 6. Milrinone: Some agents like milrinone had 
been postulated to demonstrate effects akin to 
mechanical postconditioning, so-called phar-
macological inducers of postconditioning. 
Milrinone, a phosphodiesterase-3 inhibitor, is 
an inotropic agent, acting through elevation 
of intracellular cyclic adenosine monophos-
phate (cAMP) and protein kinase A (PKA) 
activation. It has been shown that it also has 
preconditioning properties against hepatic IR 
injury, exerted via the same pathway (cAMP/
PKA activation) [29]. In a liver warm isch-
emia model of 1-h duration followed by 5 h 
of reperfusion showed that milrinone admin-
istered as an intravenous bolus immediately 
after reperfusion effectively attenuated liver 
injury, as demonstrated by reduced AST, 
ALT, and LDH serum levels and reduced his-
tologic damage and apoptotic scores in 
milrinone- treated animals, as compared to 
controls [30].
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16.4.2  Surgical

 1. Ischemic Preconditioning (IPC): IPC is the 
method by which the target organ is condi-
tioned with a brief ischemic period followed 
by reperfusion prior to the subsequent pro-
longed ischemic insult in order to attenuate 
the extent of injury [31]. IPC has been adopted 
in liver surgery and tested in several experi-
mental and clinical contexts, proving to be an 
effective intervention, since it seems to 
increase the ability of the liver to withstand 
the subsequent prolonged period of ischemia 
[32]. Adenosine and NO seem to play a sig-
nificant role in the IPC effect and favorable 
responses such as decreased hepatocellular 
injury, inhibition of apoptosis, improved liver 
microcirculation, and enhanced energy 
metabolism have been documented through 
the application of IPC [33]. Regarding the 
clinical setting, in spite of favorable effects of 
enzyme markers of liver injury, recent meta- 
analyses failed to reveal a sustained clinical 
benefit of IPC, in terms of duration of hospital 
stay, perioperative morbidity, or mortality [34, 
35]. The main limitation of IPC techniques in 
the clinical context is that they must be initi-
ated before the ischemic insult, which is not 
always predictable [31].

 2. Ischemic Postconditioning (IPostC): IPostC 
consisted of several brief pre-reperfusions, 
consecutively, each separated by short occlu-
sion time, followed by the sustained reperfu-
sion. The beneficial effects of IPostC have 
been documented in several experimental 
studies in different organs and confirmed in 
human clinical studies in the heart [31]. In 
adult cadaveric liver transplantation, grafts 
subjected to postconditioning presented less 
severe histopathological lesions of IR injury 
and increased activation of autophagy in peri-
portal areas [36]. Unlike donor precondition-
ing, which is not always feasible, graft 
postconditioning in the recipient seems to be 
more attractive since it can be applied selec-
tively in settings prone to greater risks for IR 
injury due to donor, procurement, or recipient-
related factors and can prove useful in com-

plex cases requiring long periods of ischemia 
or with marginal grafts [36]. IPostC may also 
be incorporated in non- transplant complex 
cases needing long periods of ischemia, in 
cases of unexpected ischemia, where there is 
limited clinical applicability for IPC, and dur-
ing major hepatectomies, with marginal liver 
remnants. By applying IPostC, a 30% reduc-
tion of liver cell necrosis was demonstrated 
which could be crucial for compromised livers 
[37]. Such resections can be complicated by 
bleeding, which is often unpredictable, and 
bleeding has to be controlled by clamping. In 
this context, IPC is not a feasible option and 
IPostC is the technique of choice because it 
can be applied after clamping to ensure the 
survival of as much liver parenchyma as pos-
sible. Further. IpostC has demonstrated favor-
able effect on liver regeneration as well as the 
requirement for less operative time, in contrast 
to preconditioning techniques making IPostC 
clinically more attractive to implement [38].

16.5  Summary

Hypoxia and ischemia induce anaerobic metabo-
lism and dysfunction of the electron transport 
chain in mitochondria. Decreased ATP produc-
tion that occurs causes dysfunction of ion- 
exchange channels, leading to retention of 
sodium, hydrogen, and calcium, which results in 
cell swelling and impaired enzyme activity in the 
cytoplasm.

The outcome of ischemia is thus dependent on 
the duration of ischemia. Prolonged ischemia and 
reperfusion lead to apoptosis, autophagy, necro-
sis, and necroptosis whereas moderate duration 
of ischemia followed by reperfusion induces 
ischemia–reperfusion injury and activates recov-
ery systems and damage control mechanisms. A 
shorter duration of ischemia followed by reperfu-
sion is considered to activate cell survival pro-
grams to control ROS generation and cell 
damage. Strategies are being explored in lab and 
in clinical setting using pharmacological and 
mechanical means to confer protection against 
ischemia and reperfusion injury. Application of 
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the available modalities in combination like com-
bining ischemic pre- and postconditioning, phar-
macological with mechanical pre- and 
post-ischemic preconditioning is being tried until 
such time that a standard ischemic conditioning 
organ-specific protocol evolves which would 
require better understanding of the molecular 
mechanisms involved.
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17Hemodynamic Monitoring in Liver 
Transplantation

C. Patrick Henson and Ann Walia

Over the last five decades, Liver Transplantation 
(LT) surgical technique, anesthetic management 
and graft, and patient survival have undergone 
significant improvement. Despite these improve-
ments, the intraoperative management of the 
patient undergoing LT remains challenging and is 
often accompanied by hemodynamic instability 
[1]. The pathophysiology of cirrhotic liver dis-
ease results in systemic vasodilation, altered cir-
culating and total body volume status, and may 
be complicated by other organ system dysfunc-
tion [2]. This level of hemodynamic instability 
requires the use of a variety of hemodynamic 
monitors.

Liver transplant itself can be divided into three 
distinct phases: the pre-anhepatic phase, the 
anhepatic phase, and the neohepatic phase. Each 
phase has its own distinctive hemodynamic chal-
lenges [3, 4].

The pre-anhepatic phase is the dissection 
phase and is marked by significant changes in 
preload from large volume ascites drainage and 
acute and occasionally large volume blood loss, 
in addition to procedurally necessary manipula-
tion of the liver and the vena cava.

During the anhepatic phase, the portal vein 
and inferior vena cava (IVC) are clamped and 
may result in decreased cardiac output (CO) by 
up to 50% under total venous occlusion (TVO) 
technique. This decrease is less dramatic under 
“piggyback” technique when the IVC is only par-
tially occluded. Other forms of liver isolation 
which decrease blood loss include portocaval 
shunt and venovenous bypass. The technique for 
liver isolation is center dependent and patient 
specific [1, 5].

The neohepatic stage is when the newly 
implanted liver is reperfused and connected to 
the systemic circulation. This phase is marked by 
hemodynamic changes due to rapid return of 
blood from a previously obstructed portal system 
and the returned blood tends to be cold, acidotic, 
hyperkalemic, and contains a variety of inflam-
matory and vasoactive mediators [3, 5].

This results in transient but often significant 
decrease in myocardial contractility, systemic 
vascular resistance (SVR), chronotropy, and pos-
sible rise in pulmonary pressure.
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17.1  Blood Pressure

Given the potential for rapid changes in hemo-
dynamics, invasive blood pressure (BP) moni-
toring is the standard for patients undergoing LT 
[1, 6]. The number and location of these lines 
vary by individual preference and center proto-
cols. Cannulation of the radial artery provides 
safe and reliable blood pressure monitoring in 
nearly all patients. However, monitoring at a 
distal site, while convenient, does come with 
limitations. In certain situations, such as when 
high-dose vasopressors are being administered 
or when patients are in circulatory shock, the 
systolic pressures measured at the radial site are 
less reliable, and measurement of central arte-
rial pressure via the femoral artery may provide 
more consistent pressure monitoring. However, 
even with this discrepancy, the mean arterial 
pressure tends to be consistent between the two 
sites [6, 7].

Risks of arterial cannulation for blood pres-
sure monitoring include arterial or venous injury, 
bleeding, and nerve damage. While these risks 
are not theoretically different between femoral 
and peripheral sites, the femoral site cannot be 
visualized or easily evaluated during the proce-
dure, and problems such as vascular bleeding 
may not be readily apparent. Specific situations 
may require more central cannulation despite the 
slightly higher risks of cannulating the femoral 
artery in select patients. Cannulation of the axil-
lary or brachial artery can be considered, as well. 
Historically, there has been concern that the risk 
of nerve injury and ischemic injury may be 
higher with more proximal upper extremity can-
nulation, although recent data suggests that both 
are safe alternatives [8, 9]. Our observation over 
the past three decades has shown consistent dis-
crepancies in radial and central pressures (sys-
tolic, diastolic, and mean) especially right after 
reperfusion and with the use of high-dose vaso-
pressors. Extreme vasodilatory state which 
decreases distal pressure disproportionately to 
central pressure may be the cause of the variance 
post-reperfusion although none of the studies 
have consistently demonstrated this [10, 11]. 
Interestingly, one study showed that noninvasive 
BP measurement in the upper extremity more 

closely reflected central pressures than the radial 
invasive pressure, presumably due to the proxi-
mal location of the cuff [12].

In addition to the hemodynamic monitoring 
provided by arterial lines, the ability to measure 
arterial blood for gas exchange and metabolic 
demand is absolutely necessary for the safe per-
formance of liver transplantation, given the 
potential risk of profound acid-base and electro-
lyte derangement.

17.2  Central Venous Pressure

Central venous access and measurement of cen-
tral volume status via a catheter placed in the 
superior vena cava is standard practice during LT, 
although its utility in predicting such is often 
called into question.

The ideal use of CVP appears to be as a practi-
cal measure of volume status, where high values 
suggest volume adequacy or overload, and low 
values hypovolemia or underfilling. 
Unfortunately, in nearly all clinical scenarios, 
CVP as a variable only poorly reflects stroke vol-
ume and cardiac output, which are the clinically 
significant variables of concern. In cirrhotic 
patients with hyperdynamic circulations, some 
degree of portopulmonary hypertension, and con-
comitant ventricular hypertrophy and cardiomy-
opathy, the reliability of CVP is even more 
questionable. Additionally, studies of the impact 
of CVP in non-cirrhotic patients should not nec-
essarily be expected to accurately reflect the 
altered physiology that occurs during LT.

Increased CVP has been implicated as a risk 
factor for complications during liver resection 
[13]. Maintenance of lower CVP during liver 
resection surgery has been associated with 
reduced blood loss, transfusion, risk of postoper-
ative fluid overload, and secondary complica-
tions, such as pulmonary and gastrointestinal 
edema [13–15]. Reduced CVP/right atrial pres-
sure allows for passive reduction in IVC pres-
sure, which helps drainage of the hepatic venous 
system, reduced tension on the liver and associ-
ated venous structures. This may directly impact 
surgical bleeding during dissection and 
 postoperatively, but also may increase the risk of 

C. P. Henson and A. Walia



211

air embolism and hypotension as a result of low 
stroke volume.

In patients with significant portal hyperten-
sion, the portomesenteric vasculature is already 
under pressure, and maintaining low CVP will 
theoretically help reduce this.

However, studies and expert opinion are 
mixed with regard to the actual benefit of low 
CVP in the LT patient, as most studies have 
excluded these patients in favor of those undergo-
ing liver resection. In addition, use of artificial 
means to lower this number, such as systemic 
vasodilators and phlebotomy, may increase other 
risks of end-organ hypoperfusion. Thus, the 
accuracy and utility of the actual number remains 
unclear, and, ultimately, trends in CVP during the 
surgical procedure may be of most value [16, 17].

17.3  Invasive Cardiac Output 
Monitoring

In addition to the ability to measure CVP and 
administer vasopressors and accomplish large 
volume resuscitation, the presence of a central 
venous catheter of adequate size (typically at 
least eight French) may provide a conduit for pul-
monary artery catheterization. Data from a pul-
monary artery catheter (PAC) can provide 
information on intracardiac filling pressures, pul-
monary hypertension, or alterations in cardiac 
output (CO), which all may be useful, especially 
in the patient with preexisting cardiac dysfunc-
tion (Fig. 17.1). Hemodynamic derangements are 
to be expected during all phases of LT, and moni-
toring of CO using PAC may provide valuable 

Fig. 17.1 Invasive hemodynamic monitor
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real-time data to guide management in appropri-
ate patients [4].

The PAC can deliver data on right-sided filling 
pressures directly, left-sided filling pressures 
indirectly, SVR, and CO, through either thermo-
dilution or oximetric approaches. These data, 
when taken together, can provide numerical evi-
dence of the cardiac function and quantify the 
degree of pulmonary hypertension, should any 
exist. In addition, changes in the measured pres-
sures and calculated variables, such as end- 
diastolic volumes, can suggest altered central 
volume status. As referenced previously, there 
may be benefit in maintaining a normal or slightly 
reduced central volume status in LT patients, 
when appropriate, and PAC data can help with 
this guidance.

CO data can be assessed intermittently or con-
tinuously, depending on the choice of device. 
Typically, thermodilution CO is checked at inter-
vals, while oximetric catheters report CO contin-
uously through optical assessment of mixed 
venous oxygen, after an initial calibration.

The accuracy of the continuous cardiac output 
(CCO) monitors may decrease with time from 
calibration, while the use of intermittent moni-
tors requires action on the part of the provider, 
which may not be feasible in times of high stress. 
Otherwise, these may be considered reasonably 
equitable approaches to measuring CO [18].

The presence of cirrhosis is typically associ-
ated with high CO states due to alterations in 
SVR and circulating volume status [19]. Altered 
systemic perfusion as measured by BP, acidosis, 
and urine output may not necessarily correlate 
with numerical changes in CO, especially if the 
absolute numbers remain above normal. Thus, 
the trend of CO and filling pressures may provide 
more useful data in many circumstances. In addi-
tion, cardiac contractility may be abnormal in cir-
rhotic patients even in the setting of normal or 
elevated CO.

The presence of cirrhotic cardiomyopathy 
may add complexity to the intraoperative man-
agement, as heart rate, CO, and BP can all be 
adversely impacted. Hypertrophic obstructive 
cardiomyopathy (HOCM) is also evident in some 
patients with cirrhotic liver disease, and manage-

ment of these patients can present challenges 
during LT [20].

The PAC can provide many data points, which 
may help guide hemodynamic management of 
the LT patient. However, use of this monitor has 
become less common in LT over the years due to 
a slight increase in risk of the procedure, unclear 
benefit of the data provided, and desire for 
reduced resource utilization [21]. Of particular 
importance, CO data from PAC monitoring may 
be less precise in patients with hyperdynamic 
cardiac function, such as those with cirrhotic 
liver disease.

The PAC remains an important monitor in cer-
tain ESLD diagnoses such as portopulmonary 
hypertension and HOCM.  The emergence of 
arterial pressure waveform analysis and increased 
use of transesophageal echocardiography have 
provided alternative monitoring strategies to con-
ventional PAC [18].

17.4  Minimally Invasive Cardiac 
Output Monitoring

Arterial pressure-based CO calculations interpret 
the pulse pressure waveform presented by an 
arterial line. These have been validated to provide 
data comparable to that of the PAC, especially in 
prediction of CO response to fluid administration 
[22, 23]. Variations in pulse pressure, stroke vol-
ume, and systolic pressure are commonly used 
hemodynamic variables in the evaluation of CO 
in critically ill patients, although some difficulty 
exists when extrapolating these data to operative 
patients (Fig. 17.2).

Cardiac stroke volume can be interpreted 
from the arterial line waveform, which can be 
used to calculate CO.  The fidelity of these 
devices is dependent on a properly functioning 
arterial line, and changes in patient position-
ing, manipulation of the abdominal structures, 
and altered vascular tone may all reduce the 
accuracy of the information gathered in this 
manner.

As referenced previously, peripheral arterial 
line hemodynamic measurements, such as those 
from radial arterial lines, may be impaired in 
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Fig. 17.2 Minimally invasive cardiac output monitor - VIgileo/ FloTrac and LiDCO

patients with high vasopressor requirement or 
those in shock, and in situations such as this, 
stroke volume calculations are likely to be less 
accurate.

Ultimately, the CO data generated from these 
devices are not as accurate as thermodilution 
methods using PAC, and in cases where CO 
monitoring is imperative, these devices should 
not be used as a substitute [23–25]. Direct mea-
surement via thermodilution through a PAC 
remains the gold standard for measurement of 
CO.

17.5  Transesophageal 
Echocardiography

Transesophageal echocardiography (TEE) is able to 
provide real-time, dynamic, information about right 
and left heart systolic and diastolic function, vol-
ume status, regional wall motion as well as valvular 
function [26–28]. Intraoperative TEE has also been 
valuable in detecting conditions like cirrhotic or 
Takotsubo cardiomyopathy, HOCM, pulmonary 
hypertension, intracardiac air or thromboembolic 
events, and pericardial tamponade.

Use of TEE during LT is increasing, as it is 
seen as both more accurate and less invasive than 
other monitors of cardiac function, such as the 
PAC [29].

In a multicenter study of 244 patients under-
going LT, stroke volume index determined by 
TEE more strongly corelated with right ven-
tricular end-diastolic volume index than CVP 
or PAOP [30]. CVP is also an unreliable indica-
tor of stroke volume and intravascular volume 
[30].

Coronary artery disease (CAD) is not uncom-
mon in patients undergoing LT.  TEE has been 
shown to be more sensitive in detecting isch-
emia based on regional wall motion abnormali-
ties as compared to other monitors including 
PAC [31].

Intracardiac thromboemboli may arise in 
association with caval manipulation, coagulopa-
thy, and resuscitation, and TEE may provide 
evidence prior to catastrophic complication. 
The presence of thromboemboli is likely under-
appreciated, as one prospective study discov-
ered 44% of patients with microemboli and 27% 
with larger emboli [32]. While smaller emboli 
are typically handled well by the pulmonary cir-
culation, right ventricular dysfunction, failure 
and cardiovascular collapse can occur with 
larger ones. TEE provides real-time monitoring 
of the intracardiac status and is very useful in 
visualizing intracardiac thrombi, as well as 
“pre-thrombotic”  characteristics such as micro-
emboli and “smoke,” suggestive of lower-flow 
states.

17 Hemodynamic Monitoring in Liver Transplantation
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Paradoxical air embolus is a concern in liver 
transplant surgery. Patent foramen ovale (PFO), 
which predisposes to right-to-left intracardiac 
shunting, should be diagnosed by preoperative 
echocardiography, but these can be missed, or 
may not be evident with normal right-sided pres-
sures. In addition, patients with cirrhosis often 
have a high degree of intrapulmonary shunting. 
This commonly exacerbates hypoxemia in these 
patients, but in rare cases, entrained venous air 
and microdebris can cross into the systemic cir-
culation, with subsequent embolization to the 
brain, other organs, and extremities [33, 34]. Use 
of TEE in LT can alert the anesthesiologist to the 
presence of this air or debris in the cardiac cham-
bers, even without hemodynamic changes, where 
standard monitoring is likely to miss this until 
manifested as hemodynamics change.

Placement and manipulation of a TEE probe is 
relatively simple in skilled hands, but patients 
with cirrhotic liver disease are at increased risk of 
esophageal pathology such as varices and stric-
ture, and the presence and severity of these should 
be assessed prior to probe placement. Active 
bleeding and known esophageal pathology are 
two of the more common absolute contraindica-
tions to TEE. Risk of complication, such as major 
bleeding, is low [35] when used in liver trans-
plant patients, even those with high MELD [36]. 
We recommend that the ability to rapidly tam-
ponade a rupture gastric or esophageal varix be 
available for these patients, especially if TEE is 
used. Risks and benefits should be weighed prior 
to planned TEE placement, and it is perhaps rea-
sonable to consider TEE as a focused therapy for 
a specific condition, rather than a monitor to be 
used in all liver transplant patients [37].
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18Intraoperative Coagulation 
Monitoring in Liver Transplant 
Surgery

Jayanti Shankar and Vijay Vohra

Abbreviations

ACT Activated clotting time
DIC Disseminated intravascular 

coagulation
DVT Deep-vein thrombosis
ECMO Extra-corporeal membrane 

oxygenation
ESLD End-stage liver disease
FDPs Fibrinogen degradation products
PAI-1 Plasminogen activator inhibitor-1
POC Point-of-care
ROTEM Rotational thromboelastometry
TEG Thromboelastography
t-PA Tissue plasminogen activator

18.1  Introduction

Coagulation occurs in three phases such as pri-
mary haemostasis, coagulation and fibrinolysis, 
and liver dysfunction affects all three functions 
[1]. The liver is responsible for the synthesis of 
all clotting factors (except von Willebrand fac-

tor—vWf), all anticoagulants, as well as produc-
tion of fibrinolytic proteins [2], and therefore 
haemostasis abnormality in liver disease is multi-
factorial—Box 18.1.

Box 18.1 Haemostatic abnormalities in liver 
disease are due to [2]
• Thrombocytopenia and qualitative dys-

function
 – Hypersplenism contributing to 

sequestration of platelets
 – Decreased thrombopoietin produc-

tion
 – Immune-mediated platelet destruc-

tion
 – Renal impairment and uraemia 

accompanying liver failure [3]
• Impaired humoral coagulation

 – Inadequate coagulation factor pro-
duction

 – Increased coagulation factor con-
sumption

 – Vitamin K deficiency (due to which 
abnormal clotting factors are pro-
duced as there is lack of gamma car-
boxylation)

• Excessive fibrinolysis
• Disseminated intravascular coagulation
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The historical assumption that haemostasis in 
liver disease depicts a bleeding tendency is now 
replaced with the concept of a ‘rebalanced’ hae-
mostasis between procoagulant, anticoagulant 
and fibrinolytic system due to a parallel deficiency 
of requisite factors. The tendency towards bleed-
ing or thrombosis will depend on the circumstan-
tial risk factors such as volume status, infections, 
alcohol, medications and renal function [4, 5]. 
Coagulopathy is also an essential component of 
acute liver failure, the other component being 
hepatic encephalopathy. Plasma concentration of 
coagulation factors is drastically reduced due to 
high cytokine concentration. High levels of acute 
phase reactant PAI-1 (plasminogen activator 
inhibitor-1) found in acute liver failure predispose 
these patients towards hypofibrinolysis [1].

Liver transplantation is the only treatment which 
can restore normal haemostasis in patients with 
end-stage liver disease or acute liver failure. It is an 
intricate procedure during which coagulopathy may 
precipitate into a catastrophe at a dramatic pace, 
hence requiring rapid diagnosis and management. 
The complex nature of haemorrhage increases the 
likelihood of a therapeutic misadventure, if a tar-
geted approach is not followed [6]. Transfusion is 
associated with increased morbidity and mortality 
and may contribute to the alloantibody load and 
increase the risk of allograft rejection [3]. Moreover, 
an adverse association of red cell (RBC) transfusion 
on survival rates following liver transplant has been 
demonstrated; therefore, there is a constant endeav-
our to reduce transfusion [7]. Advancements in 
modalities for diagnosing and managing coagulop-
athy have been a major contributing factor in 
improving the 5-year survival rate from 72% in 
1998 to 90% in 2010 in the United States [3].

Transfusion and coagulation management 
algorithms based on the point-of-care tests can be 
useful adjuncts to reduce transfusion requirement 
and thereby affect morbidity and mortality.

18.2  Intraoperative Changes 
in Each Phase

Management of coagulopathy in patients under-
going liver transplant poses a unique challenge 
due to the low haemostatic reserve in these 

patients, prolonged duration of surgery and 
phase-specific requirements during each phase of 
the procedure, described as below [Table 18.1]:

18.2.1  Dissection Phase

This phase involves dissection of adhesions, tran-
section of collaterals and manipulation of major 
structures to facilitate mobilization of the liver, 
contributing to major blood loss. There is a slight 
deterioration of the pre-existing coagulopathy 
due to surgical stress; however, surgical bleeding 
is the hallmark of this phase.

Aetiology of the liver disease is also a factor 
which influences intraoperative requirement of 
blood products in this phase. For example, 
patients with hepatocellular carcinoma are usu-
ally hyper-coagulopathic. Similarly, patients with 
primary biliary cirrhosis and primary sclerosing 
cholangitis are likely to have a hyper- 
coagulopathic state with reduced fibrinolytic 
activity [8]. Enhanced fibrinolysis contributes to 
blood loss in only 10–20% of the cases [1].

18.2.2  Anhepatic Phase

This phase extends from occlusion of the hepatic 
vasculature till reperfusion of the new liver into 
the recipient’s circulation. Major vessels have 
already been clamped during the dissection phase 
which limits the surgical bleed. However, since 
the liver is out of circulation, the characteristic 
feature of this phase is loss of synthesis and clear-
ance of coagulation factors.

There is an increased level of t-PA (tissue 
plasminogen activator), due to release from endo-

Table 18.1 Summary of coagulation abnormalities—
phase wise

Dissection Surgical bleeding, slight worsening 
of coagulopathy

Anhepatic Loss of coagulation factors, 
fibrinolysis

Reperfusion/
neohepatic

Initially—hyperfibrinolysis, 
entrapment of platelet and release 
of heparin
Followed by resolution of 
hyperfibrinolysis

J. Shankar and V. Vohra



219

thelial cells and decreased clearance in absence 
of the liver, which contributes to hyperfibrinoly-
sis seen in this phase [1]. This later continues into 
the reperfusion phase [9].

18.2.3  Post-reperfusion/Neohepatic 
Phase

This phase begins with the reperfusion of the new 
liver into the recipient’s circulation often result-
ing in uncontrollable bleeding during the first few 
minutes, thus warranting immediate management 
and control [1].

During the reperfusion of the new liver, fur-
ther t-PA from the endothelium of the replaced 
organ is released and hyperfibrinolysis is at its 
peak [9]. This period is further characterized by 
abnormalities related to thrombocytopenia and 
heparin-like effect of donor liver. There is a gra-
dient of platelet count of up to 50% between the 
arterial and venous circulation representing the 
profound entrapment of platelets in the donor 
sinusoids. The ischemic donor liver endothelium 
releases heparinoids, which adds to the heparin 
load following heparinization of donor liver prior 
to harvesting [10]. This initial hyperfibrinolysis 
gradually resolves with clearance of t-PA and 
increased production of PAI-1.

18.3  Monitoring Coagulation 
During Liver Transplant 
Surgery

Bleeding during liver transplantation, as men-
tioned above, occurs due to several reasons [8]:

• Surgical factors—previous abdominal sur-
gery, portal hypertension, portal vein 
thrombosis

• Donor-related factors—length of ICU stay, 
duration of cold ischaemia time

• Recipient-related factors—severity of disease, 
age, renal dysfunction and comorbidities

• Factors arising from operative milieu—acid- 
base balance, hypocalcaemia, hypothermia

• Inherent coagulopathy of the patient

Due to disparity between the increasing 
demand for organs and limited supply of donors, 
there is an increasing trend of marginal and high- 
risk donors being accepted. The recipients who 
receive organs from these donors are at an 
increased risk of perioperative coagulopathy 
resulting from delayed graft function or slow- 
graft function commonly seen with these donor 
grafts [3].

Coagulation monitoring and management for 
major surgical procedures is challenging and is 
usually based on standard laboratory tests. 
However, these tests, in the setting of ESLD 
(end-stage liver disease), are less reliable espe-
cially in the background of bleeding during liver 
transplant, where diagnosis has to be precise and 
treatment prompt. The standard laboratory tests 
are briefly described.

18.3.1  Standard Laboratory Tests

The clotting process can be divided into four 
phases [11] (Fig. 18.1):

• Primary haemostasis
• Thrombin generation
• Clot formation
• Clot breakdown/lysis

Conventional or standard laboratory tests at 
best reflect the thrombin generation phase.

These tests include:

• Prothrombin time (PT)
• Activated partial thromboplastin time (aPTT)
• Platelet count
• Fibrinogen levels

18.3.2  Prothrombin Time (PT)

Also called tissue factor-induced coagulation 
time, the prothrombin time test was developed in 
1935 to titrate coumarin doses [12]. It is sensitive 
to factors I, II, V, VII and X and is performed by 
incubating plasma at 37° with tissue thrombo-
plastin (tissue factor plus phospholipid) and cal-
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Primary Hemostasis

Vascular
components

Platelets Thrombin

Thrombin activation
Clot formation

Fibrin

XIIIa

Platelets
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Lysis

Fig. 18.1 This is the arbitrary subdivision of the coagulation system which is an interaction between vascular, cellular 
and humoral components

cium at standard pH. It detects the time needed 
for platelet-poor plasma to clot and reflects the 
integrity of the extrinsic and common coagula-
tion pathway [13]. Detection of fibrin strands 
using either a photo-optical or electromechanical 
device is the end point of the test [10]. It is 
reported in seconds and normal value is 0.9–
0.12 s [13].

18.3.3  International Normalized 
Ratio (INR)

Standardization is based on the responsiveness to 
a singular type of thromboplastin which is then 
measured by International Sensitivity Index and 
converted to the INR (international normalized 
ratio) value mainly to account for inter-device 
variations in PT measurements. INR was intro-
duced in 1983 to harmonize results of PT across 
laboratories. It is defined as (patient PT/control 
PT)ISI [12, 14].

18.3.4  Activated Partial 
Thromboplastin Time (aPTT)

It was developed in 1953 and then modified in 
1961. It is performed to monitor heparin therapy 
during thrombolysis. This test is sensitive to 
coagulation factors I, II, V, VIII, IX, XI and XII, 
heparin, fibrinogen degradation products, hypo-
thermia and hypofibrinogenaemia. The term 
‘partial thromboplastin’ indicates that the 
reagent contains phospholipids (as a substitute 
for the platelet membrane) but no tissue factor, 

distinguishing it from the PT [10]. Platelet-poor 
plasma is incubated with partial thromboplas-
tins, calcium and an activator (e.g. celite, kaolin, 
silica) at 37° and standard pH [13]. It reflects the 
integrity of the intrinsic and common coagula-
tion pathway and the normal range is between 25 
and 35 s [13]. Factor deficiency must be reduced 
to almost 30% before the test is able to demon-
strate abnormality.

18.3.5  Thrombin Time [13]

The ability of thrombin to convert fibrinogen to 
fibrin (fibrin polymerization) in the final stage of 
haemostasis is measured with this test. A stan-
dard concentration of human thrombin is added 
to citrated, platelet-poor plasma and time to clot 
formation is measured. Clot formation requires 
the presence of fibrinogen and the absence of 
thrombin inhibitors [10]. Its normal value is 
15–19 s. It helps in establishing conditions such 
as hypofibrinogenaemia, dysfibrinogenaemia, 
presence of direct thrombin inhibitors, fibrinogen 
and FDPs (fibrinogen degradation products) 
since it bypasses all the preceding reactions 
before the conversion of fibrinogen. It is also 
used to monitor fibrinolytic therapy and to detect 
heparin resistance.

18.3.6  Platelet Count

Platelet count is routinely measured by auto-
mated machines [6]. Formation of a satisfactory 
platelet plug may be impaired if the platelet 
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count is low, if platelets are functionally inert or 
if the patient is on antiplatelet drugs. However, 
the platelet count reflects the quantity of plate-
lets in numbers and does not provide informa-
tion regarding their function [13]. The normal 
range is between 150,000 and 440,000 cu mm 
and counts less than 150,000 cu mm reflect 
thrombocytopenia. Platelet clumping and sam-
ple haemodilution are common causes for low 
platelet count. Platelet count plays an important 
role in demonstration of HITS (heparin-induced 
thrombocytopenia).

18.3.7  Fibrinogen

Measures the amount of fibrinogen in the system. 
The two most frequently used tests in routine 
clinical practice are the Clauss assay and the 
PT-derived fibrinogen level. Fibrinogen values 
range between 160 and 350 mg/dL [13]. Reduced 
levels may be due to impaired production (such 
as liver disease) or increased consumption (such 
as disseminated intravascular coagulation (DIC) 
and fibrinolysis). Fibrinogen levels may also be 
falsely elevated in the presence of synthetic col-
loids such as hydroxyethyl starch often used for 
fluid resuscitation [6].

18.3.8  Fibrinogen Degradation 
Products (FDPs) and D-Dimer 
(Tests of Fibrinolysis)

This assay detects degeneration products of fibrin 
(either cross-linked or uncross-linked). The 
D-Dimer is specific for degraded products of 
cross-linked fibrin. These may be elevated in 
advanced liver disease, exogenous thrombolysis 
and fibrinolysis following cardiopulmonary 
bypass and DIC. Elevated levels cannot differen-
tiate primary and secondary fibrinolysis. Elevated 
D-dimer is non specific and is the result wide-
spread lysis of cross-linked fibrin of established 
thrombi, as seen in deep-vein thrombosis (DVT) 
and pulmonary embolism.

18.3.9  Limitations of Conventional 
Tests

Though commonly done in cirrhotic patients, 
these tests do not reflect the exact picture of coag-
ulation. The levels of naturally occurring antico-
agulants as protein C and antithrombin are also 
reduced as are procoagulants and the full antico-
agulant activity cannot be expressed. These tests 
have a direct relationship to the degree of decom-
pensation in cirrhosis and may be useful in pre-
dicting prognosis but not for predicting bleeding 
or thrombosis in these patients [15]. The coagula-
tion system in these patients seems to be more 
‘balanced’ than suggested by traditional tests. PT 
and aPTT can assess the speed of fibrin strand for-
mation; they do not assess the mechanical and 
functional properties of the clot over time. INR 
monitoring will at best be an indicator of synthetic 
function rather than to assess the actual probabilty 
to bleed [16, 17]. The current concepts in coagula-
tion advocate the cell-based model which empha-
sizes on the interaction between platelets, vascular 
endothelium and fibrinolytic factors in the hae-
mostatic mechanism. Standard laboratory tests 
which are performed in plasma do not demon-
strate these interactions and therefore cannot 
guide therapy [8, 18].

Fibrinogen levels coupled with platelet count 
would be more meaningful than INR as a measure 
of risk of bleeding and target values have been 
ascertained as 120–150  mg/dL; however, these 
values are with reference to trauma settings [4]. 
Platelets contribute to thrombin formation and 
therefore a theoretical possibility of reduced 
thrombin generation exists in cirrhosis. However, 
this has not been clinically demonstrated in stable 
cirrhotic patients with platelet count >60  ×  109. 
Under physiological condition of flow, platelets 
from these patients are able to interact normally 
with collagen and fibrinogen. Platelet count is 
purely quantitative and cannot detect platelet dys-
function. A school of thought suggests the throm-
bin generation test is likely to provide a better 
clinical picture in cirrhotic patients for the predic-
tion of bleeding or guided decision making [12].
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None of the conventional coagulation tests 
detect or identify the fibrinolytic process; they 
can only detect products of degeneration which 
is highly non-specific [16]. Coagulation results 
can be affected adversely by poor sampling 
technique such as underfilling the tube may 
prolong clotting times artefactually due to over- 
anticoagulation. Reduced haematocrit may 
reduce plasma volume and prolong clotting 
times in the sample [10].

18.4  Point-of-Care Coagulation 
Testing

Preoperative treatment of infection, optimization 
of renal status, surgical management of active 
bleeding, striving to preserve normothermia, 
maintaining low central venous pressure, normo-
calcaemia and pH levels within physiological 
limits during the intraoperative period contribute 
towards reducing bleeding during liver trans-
plant surgery. However, despite all these mea-
sures, the delicate surgical milieu may be 
disrupted due to the inherent coagulation imbal-
ances resulting in a ‘dynamic haemostatic pro-
file’ [19].

Apart from a longer turnaround time, standard 
laboratory tests may fail to predict the risk of 
bleeding as they are not affected by profibrinol-
ytic susceptibility, anticoagulant protein C, anti-
thrombin and tissue factor pathway inhibitor, and 
endothelium-derived haemostatic process thus 
making them unsuitable for managing coagula-
tion during liver transplant surgery. The risk of 
thrombotic events in these patients is substantial 
and mortality associated with these events is man-
ifold. These events can be prevented by judicious 
administration or avoiding inadvertent transfu-
sions of products [17]. This is where intraopera-
tive point-of-care coagulation monitoring can aid 
in ensuring transfusion of blood products in a tar-
geted manner, thus preventing unwarranted trans-
fusion and its deleterious effect. Therefore, 
point-of-care devices provide immediate, accu-
rate, real-time and comprehensive picture of the 
patient’s coagulation status (Box 18.2).

A point-of-care test is defined as a rapid bed-
side diagnostic test to aid the clinician in direct-
ing therapeutic intervention. The aim of 
perioperative coagulation testing is the detection 
of deranged haemostasis and to initiate treatment 
rapidly; therefore point-of-care tests would be 
the way forward to improve clinical efficiency. 
Applicable devices in the perioperative setting 
are classified into four broad categories [13]:

 (a) Functional assay of monitoring heparin 
anticoagulation

 (b) Platelet function monitors
 (c) Near-patient clotting factor tests
 (d) Viscoelastic measures of coagulation

Despite the fact that some of the classical cri-
teria for designation of a test to be point-of-care 
test (includes easy measurement, easy interpreta-
tion and no handling of reagent) may not be met 
by some of these tests, they have still been classi-
fied as point-of-care coagulation tests [20].

18.4.1  Functional Assay 
of Monitoring Heparin 
Anticoagulation [13]

18.4.1.1  Activated Clotting Time 
(ACT)

This test is widely used to monitor systemic hep-
arin therapy in cardiac surgery, haemo-filtration, 

Box 18.2 Advantages of point of care testing 
[20]

• Small volume of blood is needed (<1 to 
5 mL).

• Rapid availability of results; therefore 
decisions can be made faster.

• Transporting time is saved.
• Pre-analytical steps (centrifuging, etc.) 

can be avoided.
• Persons without training in medical 

technology may perform the test.
• Tests are easy to learn.
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ECMO (extra-corporeal membrane oxygenation) 
therapy, cardiac catheterization and interven-
tional radiology [20].

First described in 1966, it utilizes the activa-
tion of coagulation through the intrinsic pathway 
when fresh whole blood is incubated with glass 
beads, kaolin or celite at 37°. Two millilitres of 
whole blood is added to a test tube containing 
celite and a ferro-magnetic bar. The tube is gently 
rotated within the test well. As coagulation 
occurs, the bar also begins to rotate with the tube 
and the rotation is detected by a magnetic sensor. 
The time to formation is recorded by a timer; the 
normal value is 90–150 s. ACT is a popular test 
due to its low cost, simplicity and linear response 
at high heparin concentration [10]. The test is not 
sensitive at low heparin concentrations, hypo-
thermia, coagulation factor deficiency, IIb/IIIa 
inhibitors, warfarin therapy, lupus antibodies and 
haemodilution.

There is a variant of ACT called heparin man-
agement test (HMT) which is capable of measur-
ing prothrombin time and activated partial 
thromboplastin time [21].

18.4.2  Platelet Function Monitoring

Factors such as congenital and acquired defects 
affecting the surface receptors participating in 
aggregation or adhesion, storage granules or 
other mechanisms can contribute to platelet dys-
function. Point-of-care platelet function moni-
tors are now available to aid the clinician to 
monitor platelet function. Some monitors have 
specific activators to detect P2Y12 antagonists 
such as thienopyridines (clopidogrel, prasug-
rel), cyclooxygenase inhibitors (aspirin) and 
glycoprotein IIb/IIIa antagonists (abciximab, 
tirofiban).

18.4.2.1  Platelet Function 
Analyser-100

The PFA-100 monitors measure platelet adhesion 
and aggregation by incorporating high-shear con-
ditions to stimulate small vessel injury. A total of 
800 μL of citrated whole blood is drawn through 
a 150 μm hole in a collagen-coated membrane 

bonded with either epinephrine or ADP.  The 
shear stress of whole blood being drawn through 
a vacuum leads to platelet activation and pro-
motes platelet adherence and aggregation and 
proceeds to form a primary plug which seals the 
hole [21]. This is sensed by a pressure transducer 
and usually occurs in 81–166 s with epinephrine 
and 54–109 s with ADP [10].

The response to epinephrine detects aspirin- 
induced platelet dysfunction. Both channels 
detect dysfunction in patients with von 
Willebrand’s disease and uraemia [21].

The drawback is the analysis has to be per-
formed 30–120  min after venepuncture. 
Haemodilution and interference by thrombocyto-
penia are some of the limitations.

18.4.3  Near-Patient Clotting 
Factor Test

Point-of-care coagulation tests are also available 
for the evaluation of PT, aPTT and INR.

Hemochron Jr. signature is a hand-held device 
used to derive ACT, aAPTT and PT. Test-specific 
cuvettes are pre-warmed to 37  °C, onto which 
50 μL of fresh or citrated whole blood is placed 
and then mixed with the test-specific reagent. As 
coagulation occurs, optical sensors detect the 
impeded movement.

CoaguChek is another near-patient test that 
uses reflectance photometry to derive INR.

These point-of-care tests (of PT and APTT) 
can be affected to a variable extent in patients 
with liver disease, septicaemia, trauma, etc. 
Hence, these point-of-care tests for PT and APTT 
are approved only for monitoring anticoagulation 
therapy and their value in other clinical situations 
is limited.

18.4.4  Viscoelastic Measures 
of Coagulation

Standard laboratory tests (other than platelet 
count), being plasma-based tests, only reflect the 
initial stages of the coagulation. Viscoelastic, 
point-of-care coagulation tests use whole blood 
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and can provide insight into all components such 
as coagulation initiation to fibrinolysis, the 
strength and stability of the clot.

The point-of-care viscoelastic tests validated 
for liver transplant include:
 1. Thromboelastography (TEG)
 2. Rotational thromboelastometry (ROTEM)
 3. Sonoclot

18.4.4.1  TEG/ROTEM: Introduction
Invented in 1948 by Hartert, they assess the vis-
coelastic properties of whole blood under low 
shear conditions and provide valuable informa-
tion about all stages of haemostasis until resolu-
tion of the clot [22]. Use in liver transplant was 
first described in 1985 by Kang et al. and later in 
cardiac surgery in 1995 [9].

In contrast to many other coagulation tests 
where the time to first fibrin formation is used as 
an end point [13], these tests are based on the 
clinical principle that

• The end result of haemostasis is formation of 
clot and

• The physical properties of this clot (rate of 
formation, strength and stability) are a reflec-
tion of the patients’ in vivo haemostasis status 
[22, 23].

Specific activators have been used to improve 
standardization and practicability [11]. Formation 
of the clot is a result of interaction between the 

cellular components of blood and coagulation 
proteins. The interaction between fibrinogen, 
platelets and clotting factors are therefore 
assessed with a single test [10]. The physical 
properties of the clot are measured and translated 
into electrical signals which are used to create 
graphic and numerical output which are inter-
preted in terms of hypocoagulable, normal or 
hypercoagulable state, with or without lysis.

Of course, the importance of periodic assess-
ment of surgical field and communication with 
surgical teams cannot be underestimated. Surgical 
attempts to control visible source of bleeding, 
temperature monitoring, acid base and electrolyte 
monitoring contribute to monitoring coagulopa-
thy during the transplant procedure [6].

18.4.4.2  Thromboelastography (TEG)
The term thromboelastograph is used to describe 
the trace produced during the test. The term 
thromboelastography and TEG have been used to 
describe the technique (Fig. 18.2). In 1996, TEG® 
became the registered trademark of the 
Haemoscope Corporation [9].

TEG gives a graphic representation of clot for-
mation and subsequent lysis; 340-360  μL of 
whole blood sampled from the patient is incu-
bated in a heated cup at 37°. Care should be taken 
not to underfill the cups as this will result in pro-
longation of the coagulation time. A pin con-
nected to a detector system (a torsion wire) is 
suspended in the cup. The cup oscillates through 
an arc of 4°45′ in either direction, each rotation 

1. Blood sample in rotating cube

2. Addition of
coagulation activator

3. Pin and torsion wire

4. Electromechanical
transducer

TEG®

5. Data
processing unit

Fig. 18.2 Components 
of thromboelastography 
(TEG) instrument
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lasting 10 s, aiming to reproduce sluggish venous 
flow. These mimic low shear conditions similar 
to those present in the vena cava and well below 
those seen in venules, small veins and arterial 
system [19]. Initially the pin remains stationary 
generating a straight line on the tracing. As the 
clot begins to form, the pin gets embroiled within 
the clot and the torque of the cup is transmitted 
across the pin and the torsion wire to a mechano- 
electrical transducer [13]. The electric signal thus 
generated gets converted into a graphic display 
demonstrating the shear-elastic characteristic of 
clot (Y axis) against time (X axis).

The shape provides a rapid assessment of dif-
ferent coagulation states (hypo, normal, hyper) 
and also provides information regarding specific 
abnormalities in clot formation and fibrinolysis. 
A strong clot causes the pin to move directly in 
phase with the cup creating a broad TEG, whereas 
a weak clot stretches and delays the arc move-
ment of the pin creating a narrow TEG. As the 
clot retracts or lyses, the bonds between the cup 
and pin are broken and the motion is again dimin-
ished and eventually stops, depicted by diminish-
ing amplitude followed by a straight line [24].

Various variants of the TEG assay are avail-
able to give assessment of tissue factor, effect of 
heparin, assessment of function fibrinogen as 
well as platelet functioning (Table 18.2) (Box 
18.3).

Nomenclature of measured values [10, 19].
Quantitative analysis of the TEG is performed 

by assessment of five main parameters; four 
related to clot formation and one to clot lysis 
(Figs. 18.3 and 18.4, Table 18.3).

Reaction (R) time—time in minutes taken to 
reach an amplitude of 2 mm. This corresponds to 
initial fibrin formation and is related to plasma 
clotting and inhibitor factor activity.

• Normal range: whole blood: 4–8 min, Kaolin: 
3–8 min

Box 18.3 Platelet Mapping: Adenosine 
Diphosphate (ADP) and Arachidonic acid 
(AA) are used to monitor antiplatelet 
therapy [18, 24]
A baseline kaolin-activated TEG is done to 
measure the thrombin-induced clot strength 
(MAthrombin).

After this, a heparinized blood sample 
to which Reptilase and Factor XIIIa are 
added to inhibit all effects of thrombin, 
thus generating a cross-linked fibrin clot 
demonstrating clot strength coming from 
fibrin (MAfibrin).

The third and fourth cup require hepa-
rinized sample with Reptilase and factor 
XIIIa (to block thrombin) and activate 
platelet at the ADP-activated receptor (that 
thienopyridines or GPIIb/IIIa drugs inhibit) 
or thromboxane A2 receptor (that aspirin 
affects) and therefore demonstrate the clot 
strength which platelets are activated 
though those specific receptors (MAAA or 
MAADP).

Percentage platelet aggregation is calcu-
lated by the formula

 MA MA MA MAAA fibrin thrombin fibrin−( ) −( ) 
×

/

.100

Platelet mapping assay measures clot 
strength at maximum amplitude and there-
fore quantifies platelet function. It also 
measures contribution of ADP and throm-
boxane A2 receptors to clot formation [16].

Table 18.2 Variants of the TEG assay [19, 24]

Kaolin Contact activation. The standard test is 
performed with kaolin activator and 
gives an assessment of overall 
coagulation

Rapid TEG Tissue factor and contact activation. 
Roughly analogous to ACT

HTEG Kaolin plus Heparinase is used to 
specifically detect presence of heparin 
as the enzyme Heparinase will 
inactivate heparin

Functional 
fibrinogen

Contains TF (tissue factor) and 
abciximab that blocks platelet 
contribution to clot formation and 
therefore assesses fibrinogen 
contribution to clot strength

Platelet 
mapping

TEG platelet mapping assay measures 
platelet inhibition in comparison with 
the patient’s baseline profile [18]
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Clot Formation

R / ACT
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Polymerization Thrombolysis
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Clot Strength
(Platelets/Fibrin)

Clotting Time
(Coagulation Factors)

Clot Kinetics
Clot Stability

Clot Breakdown

Fig. 18.3 TEG. 
R—reaction time, 
K—amplitude 
progression from 2 to 
20 mm, α—rate of clot 
formation, MA—
maximum amplitude, 
LY30—clot lysis at 
30 min after achieving 
maximum amplitude

Normal
R;K;MA;Angle = Normal

Anticoagulants/hemophilia
Factor Deficiency
R;K = Prolonged;
MA;Angle = Decreased

Platelet Blockers
Thrombocytopenia/
Thrombocytopathy
R - Normal; K = Prolonged;
MA = Decreased

Fibrinolysis (UK, SK, or t-PA)
Presence of t-PA
R - Normal;
MA = Continuous decrease
LY30 > 7.5%;  WBCLI30 < 97.5%;
Ly60 < 15.0%;  WBCLI60 < 85%;

Hypercoagulation
R;K = Decreased;
MA;Angle = Increased

D.I.C
Stage 1
Hypercoagulable state with
secondary fibrinolysis

Stage 2
Hypercoagulable state

Fig. 18.4 TEG graphs 
in common conditions
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Table 18.3 Derived parameters [19]

CI—clotting 
index

Global estimation of clot formation 
using a combination of variables R, K, 
MA and α angle, calculated 
continuously

G (shear 
modulus 
strength)

Clot strength in TEG represented by 
computer generated G value. 
G = (5000 × amplitude)/
(100 − amplitude), normal 5.3–
12.4 dynes/cm2 (TEG 11)

E Elasticity constant—normalized value 
of G

TPI Thrombodynamic potential index-E 
obtained at maximum amplitude 
divided by K EMA/K

CL30, 
CL60—clot 
lysis index 
30, 60

Measure of lysis calculated as the 
relationship of amplitudes at 30 and 60 
to maximum amplitude

EPL—
estimated 
percent lysis

It is the degree of lysis 30 min after 
MA is reached, computed 30 s after 
MA is reached and continuously 
updated till 30 min after MA is reached 
[22]

• Prolonged by anticoagulants, factor deficien-
cies and severe hypofibrinogenaemia

• Reduced by hypercoagulable conditions

Kinetics (K) time—time necessary for the 
clot to reach an amplitude of 20 mm from 2 mm. 
The K-time is a measure of clot formation 
kinetics.

• Normal range: whole blood: 1–4 min, Kaolin: 
1–3 min

• Prolonged by anticoagulants, hypofibrinogen-
aemia, thrombocytopenia

• Shortened by increased fibrinogen level, 
increased platelet function

α angle—determined by creating a tangent 
line from the point of clot initiation (R) to the 
slope of the developing curve. It represents the 
speed at which solid clot forms and reflects the 
fibrinogen activity [25].

• Normal range: whole blood: 47–74°, Kaolin: 
55–78°

• Increased by increased fibrinogen level, 
increased platelet function

• Decreased by anticoagulants, hypofibrinogen-
aemia, thrombocytopenia

MA (maximum amplitude)—is the peak 
amplitude of the clot. This is the maximum width, 
in millimetres, reached on the trace and is repre-
sentative of the maximum strength of the haemo-
static plug. It is directly related to the quality of 
fibrin and platelet interaction. MA is significantly 
altered by changes in platelet number or 
function.

• Normal range: whole blood: 50–73  mm, 
Kaolin: 51–69 mm

• Increased by hypercoagulable states, 
thrombocytosis

• Decreased by thrombocytopenia, platelet 
blockers, fibrinolysis, factor deficiencies 
(lesser extent)

18.4.4.3  Decrease in Amplitude 
Measurement A30 and A60 
[22]

A30—amplitude of the trace 30 min after MA is 
reached.

A60—amplitude of the trace 60 min after MA 
is reached.

LY30 and LY 60—percentage reduction in 
area under TEG curve at 30 and 60 min. LY30 
reflects fibrinolysis and measures percent lysis 
30 min after MA is reached.

Normal range: 7.5%.
There is another variant of thromboelastogra-

phy (TEG) available in the name of BIOTEM 
(Fig. 18.5).

18.4.4.4  Clot Pro
Another viscoelastic analyser is now available in 
Europe with few modifications to the currently 
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Fig. 18.5 BIOTEM—4 
chambers instrument

Fig. 18.6 Clot Pro Graph

available analysers. In this analyser they have 
removed the need to pipette liquid reagents, and 
these reagents are present in dried form in the 
pipette itself. When the blood is drawn in through 
the pipette, the dried reagent present in the sponge 
of the pipette activates the blood sample (Figs. 
18.6 and 18.7). The basic principle of the 
CLOTPRO is similar to Thromboelastography 
(TEG), wherein the cup rotates and the pin is 
static. This design significantly mitigates the 
potential for error and eliminates reagent handling, 
which, combined with its ease of use, provides 
more flexibility and increased throughput in lab-
based and clinical settings. ClotPro enables the 
detection and assessment of factor deficiencies, 

low fibrinogen, platelet contribution (to whole 
blood coagulation), heparin and DOAC effects, 
fibrinolysis and antifibrinolytic drugs [26].

18.4.5  Rotational 
Thromboelastometry 
(ROTEM)

Similar to thromboelastography, rotational 
thromboelastometry (ROTEM) is a viscoelastic 
whole blood test which analyses the clotting pro-
cess under low shear conditions and reflects the 
kinetics of all stages in thrombus formation, clot 
stability and strength as well as fibrinolysis [16]. 
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Fig. 18.7 Clot Pro

2. Addition of
coagulation activator

4. Electromechanical detection
via optical device

3. Addition of
coagulation activator

ROTEM®

5. Data
processing unit

1. Blood sample in cuvette

Fig. 18.8 Components 
of ROTEM instrument

ROTEM is considered to be an improvement of 
the TEG as there is less vibrational interference. 
Also, it permits differential diagnosis of underly-
ing patho-mechanism by implementing test mod-
ifications. Transfusion requirements after 
implementation of ROTEM were statistically sig-
nificantly lower than without, making it a valu-
able guide in management algorithms (Fig. 18.8).

The ROTEM device uses 300  μL of whole 
blood with activators incubated at 37° in a 
heated holder which remains fixed. Activators 
used are tissue factor in the EXTEM cuvette and 
contact activator in INTEM cuvette [13, 18, 19]. 
Care should be taken not to underfill the tubes 
which may contribute to erroneous values [9, 

18]. The difference in the working principle is 
that the cup is immobile and rotational move-
ment arises from the pin suspended on a ball-
bearing mechanism oscillating at 4°75′ every 6 s 
with a constant force. An optical sensor is 
attached to the pin (as compared to the torsion 
wire in the TEG). As fibrin begins to form and 
the viscoelastic strength of the clot increases, 
the movement of the pin is impeded, which is 
detected by an optical system consisting of a 
light-emitting diode, a mirror on the steel axis 
and an electronic camera. This is translated into 
a characteristic trace from which the parameters 
are assessed.

Nomenclature used in ROTEM [8, 11, 19].
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Clotting time (CT)—time in minutes taken to 
reach an amplitude of 2 mm. It is the time to ini-
tial fibrin formation and signifies soluble clotting 
factors in plasma (Fig. 18.9).

• Normal—INTEM: 130–246  s, EXTEM: 
42–74 s

• Prolonged by anticoagulants, factor deficien-
cies and severe hypofibrinogenaemia

• Reduced by hypercoagulable conditions

Clot formation time (CFT)—time necessary 
for the clot to reach an amplitude of 20 mm from 
2 mm. It measures the kinetics of clot formation.

• Normal—INTEM: 40–100  s, EXTEM: 
46–148 s

• Prolonged by anticoagulants, hypofibrinogen-
aemia, thrombocytopenia

• Shortened by increased fibrinogen level, 
increased platelet function

α angle—angle between tangent to a tracing 
at 2 mm amplitude and horizontal line. Relates to 
rapidity of fibrin cross-polymerization

• Normal—INTEM: 71–82°, EXTEM: 63–83°
• Increased by increased fibrinogen level, 

increased platelet function

• Decreased by anticoagulants, hypofibrinogen-
aemia, thrombocytopenia

Maximum clot firmness (MCF)—Greatest 
vertical height of tracing or the peak amplitude. 
Depicts stability and strength of the clot and 
platelet number and function.

EXTEM is a baseline test which supports rapid 
generation of a clot. The MCFextem gives informa-
tion on clot strength and stability which depends 
on platelet and fibrinogen level. The FIBTEM test 
used a platelet inhibitor and therefore MCFfibtem 
gives an insight to the fibrinogen contribution to 
the clot. Therefore, comparing these two values 
can help differentiate platelet- related issues from 
hypofibrinogenaemia. A low MCFfibtem is indica-
tive of fibrinogen transfusion and a normal 
MCFfibtem in presence of a low MCFextem would be 
indicative of need of platelets.

• Normal—INTEM: 52–72  mm, EXTEM: 
49–71 mm

• Increased by hypercoagulable states, 
thrombocytosis

• Decreased by thrombocytopenia, platelet block-
ers, fibrinolysis, factor deficiencies (lesser extent)

Lysis Index 30 (LI30) is the percent reduction 
in MCF that exists whose amplitude is measured 
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30 min after CT is detected. Depicts clot stability 
and fibrinolysis (Box 18.4).

The TEG is capable of analysing two samples 
at a time whereas ROTEM can analyse four sam-
ples simultaneously.

The traces of TEG and ROTEM appear simi-
lar; however, it is important to remember that ter-
minologies and reference ranges are unique to 
each device and not interchangeable (Table 18.4). 
The differences may be explained due to different 
cups and pins used in both systems—ROTEM 
cups are composed of plastic with greater surface 
charge which may result in greater contact activa-
tion. There is also a variability in the activators 
and reagents used contributing to the significant 
difference in their results.

Box 18.4 ROTEM ASSAYS [19, 24]
INTEM—Contact activation. Reagent con-

taining phospholipid and ellagic acid as 
activators. This provides information 
similar to the aPTT (intrinsic pathway).

Assessment of clot formation and fibrin 
polymerization

EXTEM—Tissue factor activation. 
Reagent contains tissue factor and pro-
vides information similar to PT (extrin-
sic pathway).

Fast assessment of clot formation and 
fibrinolysis

HEPTEM—Contains lyophilized hepari-
nase for neutralizing unfractionated 
heparin, basically a modified INTEM by 
adding heparinase to inactivate present 
heparin.

To analyse heparin effect
APTEM—Contains aprotinin in addition 

to tissue factor. Used together with 
EXTEM.

Fast detection of fibrinolysis
FIBTEM—Uses cytochalasin D which 

blocks platelet contribution to the clot 
formation. When compared to the 
EXTEM analysis, it allows qualitative 
assay of fibrinogen contribution to clot 
strength.

Measure of functional fibrinogen levels
NATEM—Native whole blood sample—

impractical and not used due to long 
CFT time.

Table 18.4 Operating characteristics of TEG and ROTEM 
[19]

Characteristics TEG ROTEM
Pipetting Manual Automated
Cup motion Moving Fixed
Pin motion Fixed Moving
Angle of 
rotation

4°45′/5 s 4°75′/6 s

Detection Pin 
transduction

Impedance of 
rotation

Temperature 
control

24–40 30–40

Cup interior Smooth Ridged (thickness 
0.6–0.9 mm)

Cup material Cryolite 
(acrylic 
polymer)

Polymethylmethac-
rylate
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18.4.5.1  Diagnostic Power of TEG/
ROTEM [11]

 1. Heparin effect/factor deficiency

Prolongation of R (TEG) or CT (ROTEM)

Add heparinase to
inactivate heparin in

the sample

Normalization of R (TEG) or CT (ROTEM)R (TEG) or CT (ROTEM) continue to be prolonged

Diagnostic of factor deficiency Diagnostic of heparin effect

 2. Clot firmness
Strength of clot is determined by

 (a) Fibrinogen
 (b) Platelets
 (c) Factor XIII (by assay)

ROTEM can be efficiently used to differ-
entiate the cause of bleeding.

FIBTEM and EXTEM are performed 
simultaneously [11, 27] (Fig. 18.10).

The MCFextem gives information on clot 
strength and stability which depend on plate-
let and fibrinogen level.

MCFfibtem gives an insight to the fibrino-
gen contribution to the clot.

Therefore, comparing these two values can 
help differentiate platelet-related issues from 
hypofibrinogenaemia. A low MCFfibtem is 
indicative of fibrinogen transfusion and a nor-
mal MCFfibtem in presence of a low MCFextem 
would be indicative of need of platelets.

In TEG
Decreased α and prolonged K will signify 

fibrinogen deficiency and decreased MA will 
signify platelet deficiency.

 3. Hyperfibrinolysis
TEG and ROTEM are considered the gold 

standard for diagnosis of hyperfibrinolysis by 
measuring lysis.

Example: in a case of severe hyperfibri-
nolysis, there may be no clot formation with 
the EXTEM.  Addition of aprotinin and per-
forming APTEM will trigger clotting by inhib-
iting the fibrinolytic component, thus 
demonstrating the presence of fibrinolysis. If 
the MCF of APTEM is reduced, thrombocyto-
penia may also coexist with hyperfibrinolysis.

18.4.6  The Sonoclot

The sonoclot analyser was introduced by von 
Kaulla et al. in 1975 as a modality of measuring 
viscoelastic changes in whole blood [28, 29]. The 
entire haemostatic process is measured and 
depicted in the form of a graph known as Sonoclot 
signature (Fig. 18.11a, b).
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Fig. 18.11 (a) Sonoclot. (b) Sonoclot showing different 
components—ACT, R1, R2, R3 and Peak amplitude

18.4.6.1  Principle
The analyser consists of a hollow open-ended 
disposable probe, vibrating vertically at a dis-
tance of 1 μm at a frequency of 200 Hz, mounted 
on an ultrasonic transducer. This is immersed to a 
depth in a cuvette containing 0.4  mL of whole 
blood which exerts a viscous drag on probe, 
impeding its free vibration. As fibrin strands 

begin to form and the sample begins to clot, the 
drag on the probe increases further, effectively 
increasing the mass of the probe. This increase in 
impedance is sensed by the electronic circuit and 
converted to an output signal on a paper in the 
form of a curve describing the whole process 
from the start of fibrin formation, through polym-
erization of the fibrin monomer, platelet interac-
tion and eventually clot and lysis. Usually a plain 
cuvette is used, without an activator, to derive 
sonoclot signature [13]. However, two other 
types of cuvettes, both containing celite activator, 
are better suited for intraoperative monitoring 
(the red cap tube contains low concentration and 
white cap tube contains high concentration of the 
activator).

The graph is plotted on a 100  mm wide 
recorder chart with X axis in minutes and Y axis 
as clot signal.

Measurements obtained [28]:
Sonoclot activated clotting time (SONACT)—

time taken for upward deflection of 1 mm. It rep-
resents time (in seconds) for fibrin formation. It 
corresponds to ACT.  Range 85–145  s without 
heparin.

Clot rate (CR)—rate (units/minute) of fibrin 
formation (from fibrinogen) depicted by the gra-
dient of primary slope R1. The rate can also be 
expressed as a percentage of the peak amplitude 
per unit time—15–45% being normal.

An inflection point can be seen between R1 
and R2 representing the start of contraction of 
fibrin strands by the action of platelets.

Secondary slope R2—represents further 
fibrinogenesis, fibrin polymerization and platelet- 
fibrin interaction.
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R2 peak (PEAK)—indicates completion of 
fibrin formation. It has two variables:

• Time to peak (in minutes)—index rate of con-
version of fibrinogen to fibrin (<30 min)

• Peak amplitude (in units)—index of fibrino-
gen concentration

Downward slope R3—represents platelets 
induced contraction of completed clot after which 
the clot mass decreases as the serum is squeezed 
out of clot matrix. Low platelets and/or poor 
function produce a shallow R3. Decreased signal 
of R3 will represent fibrinolysis.

Platelet function (PF)—the slope gradient of 
R3 represents the number of platelets and level of 
platelet function and is recorded as PF by the 
analyser.

The signal decreases further as fibrinolysis 
takes place and eventually returns to pre- 
immersion values which is seen only in patients 
with accelerated fibrinolysis. Therefore, the 
decrease in signal after R3 slope is the measure 
of fibrinolysis (Box 18.5).

18.4.7  Use of Standard/Conventional 
Tests in Liver Transplant

Routine coagulation tests have not been found to 
be accurate to predict bleeding events in patients 

with cirrhosis. PT/INR and aPTT are sensitive to 
procoagulant factors and do not account for anti-
coagulant factors. Moreover, they are performed 
in plasma and do not reflect the interaction of cel-
lular components, vascular endothelium and 
fibrinolytic systems [8].

The standard laboratory tests have a long turn-
around time which may not be appropriate for 
timely intervention often warranted during liver 
transplant surgery. They do not offer a differen-
tial diagnosis of impaired haemostasis and there-
fore may be inadequate to specify which 
component therapy is indicated.

Due to these shortcomings, standard labora-
tory tests have made way for the use of point-of- 
care viscoelastic coagulation monitoring devices 
during liver transplant.

18.4.8  Use of Point-of-Care (POC) 
Devices in Liver Transplant

Intraoperative red cell transfusion (>10  units) 
was found to be an independent risk factor for 
in-hospital mortality after liver transplant in a 
multivariate analysis by Li et al. [8]. Transfusion 
of ≥3  units PRBC (packet red blood cell) 
and ≥3 units FFP (fresh frozen plasma) was inde-
pendently associated with poor graft survival at 1 
and 5  years [30]. Platelet transfusion causing 
acute lung injury which ultimately contributes to 
mortality has also been mentioned in the 
literature.

There is evidence that point-of-care guided 
factor replacement aids in reducing red cell as 
well as volume of plasma transfusion during liver 
transplantation [2]. In fact, the reduction of FFP 
has been found to be >90% and there have been 
reports of significant reduction in incidence of 
massive transfusion. This surely translates into 
benefit with respect to both risk-benefit ratio and 
cost-effectiveness [8].

Data also suggests that these devices are 
reflective of the rebalanced haemostasis which 
has been described in cirrhotic patients and evi-
dence, albeit limited, suggests that patients with 
compensated cirrhosis often maintain normal 
global haemostasis. There are no prospective 
studies validating the accuracy of TEG or 

Box 18.5 Variations of Sonoclot [8]
SonACT with celite activator for rapid 
assessment

k-ACT with kaolin activator for heparin 
management

gb-ACT + glass beads—overall coagu-
lation and platelet function assessment

gb-ACT  +  glass beads  +  heparinase—
assessment in presence of heparin

The results are influenced by age, sex 
and platelet count and have shown poor 
reproducibility. However, some studies 
have demonstrated the sonoclot analyser’s 
precision to be quite comparable to that of 
thromboelastography [16].
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ROTEM for predicting procedural bleeding in 
cirrhotic patients.

Transfusion of blood during liver transplant 
has been thought to be inevitable. TEG-guided 
component therapy was described in 1985 for the 
first time and has been a topic of interest thereaf-
ter given the fact that minimizing transfusion will 
always have beneficial effect on outcome. Using 
parameters such as an increased R-time which 
reflects time to fibrin formation, as an indicator 
for fresh frozen plasma transfusion, decreased 
angle denotes a requirement of cryoprecipitate as 
it indicates speed of clot formation, decreased 
MA which denotes the clot strength is indicative 
of platelet transfusion—a reduction of transfu-
sion was demonstrated [9].

18.4.8.1  Pre-transplant Liver Failure 
Patients

TEG values and standard laboratory tests in the 
preoperative period do not corelate on a consistent 
basis. These patients had deranged PT, INR and 
aPTT which was not consistent with the finding 
on TEG which corelated with the clinical picture 
[31]. Studies found that TEG-based algorithms 
are superior to conventional lab tests such as INR, 
fibrinogen and platelet count to guide transfusion 
[23]. There have been descriptions of patients 
with high INRs and MELD score with haemo-
static profile ranging from normal to hypercoagu-
lable [32]. MA of less than 47 mm was found to 
have 90% sensitivity and 72% specificity to pre-
dict the need for massive transfusion [3, 33].

18.4.8.2  Intraoperative Use of TEG 
During Liver Transplant

Studies have demonstrated a significant reduc-
tion in transfusion volume compared to a cohort 
of patients transplanted prior to development of 
the protocol. Kang and many authors have dem-

onstrated that viscoelastic testing can offer valu-
able insight and potentially guide transfusions 
[34]. Patients who underwent liver transplant 
with a stringent transfusion protocol received 
fewer plasma transfusions than patients who 
underwent transfusion based on less extreme 
TEG values [35]. Patients who underwent POC 
testing and were managed by algorithms based 
on these received significantly lower platelet con-
centrate transfusion rate as well as less packed 
red cell transfusions [20, 36] (Table 18.5). POC 
group had fewer thrombotic complications. There 
was no significant difference in perioperative 
mortality and no beneficial effect on mortality 
could be demonstrated either [17].

TEG has also been useful in detecting hyperfi-
brinolysis and therefore guiding antifibrinolytic 
therapy during liver transplant thus limiting 
empirical use of these drugs and thereby reduc-
ing incidence of thrombotic episodes.

Another study comparing ROTEM-based pro-
tocols demonstrated that there were reduced red 
blood cell transfusion and decreased complica-
tion rates with these patients. ROTEM was also 
efficient in picking up hyperfibrinolysis during 
reperfusion phase. While TEG and sonoclot pro-
vide a global picture of haemostasis, ROTEM 
offers a number of test variants which facilitate 
differential diagnosis.

Use of a TEG-based transfusion algorithm 
intraoperatively during liver transplant had no 
adverse effect on survival at 30 days and 6 months 
after liver transplant [37] (Fig. 18.12). 
Perioperative TEG values also have potential 
value at predicting outcomes from liver trans-
plants. TEG values obtained preoperatively could 
be valuable in predicting early hepatic artery 
thrombosis following liver transplant [38].

An example of how POC viscoelastic tests 
can be used to manage transfusion.

Table 18.5 Transfusion triggers generally used in liver transplant [8]

Trigger for FFP Trigger for platelet Trigger for fibrinogen
TEG R > 14 min MA < 45 mm
ROTEM CTintem > 4 min MCFintem < 45 mm MCFfibtem <8 mm

With MCFfibtem > 8 mm
Or MCFintem < 25 mm

Conventional tests INR > 1.5 Platelet <50 × 109/dL Fibrinogen <1 g/dL
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Fig. 18.12 Algorithm using viscoelastic test for transfusion management

18.4.8.3  Sonoclot in Liver Transplant
Though the literation is not extensive, Sonoclot 
has been used in liver transplant surgery and 
diagnosis of platelet dysfunction or clotting fac-
tor deficiency correlated well with clinical sce-
nario. It has been shown to be sensitive compared 
to laboratory tests in detecting platelet dysfunc-
tion and fibrinolysis as well [16, 29].

18.4.8.4  Application of Platelet 
Function Testing in Liver 
Transplant [8]

In patients with hypercoagulable states (such as 
Budd-Chiari syndrome) coming for transplant, 
prevention of postoperative thrombotic events is 
crucial for which antiplatelet therapy has to be 
instituted at the earliest. Thromboelastography 
has been reported to be less accurate in detecting 
hypercoagulable states as compared to hypoco-
agulable states. Therefore, platelet mapping may 
be synergistic in managing perioperative coagu-
lopathy in hypercoagulable cirrhosis patients 
during liver transplant.

18.4.9  Limitations [23]

TEG requires daily calibration (two or three 
times a day calibration of the machine is 
recommended).

Point-of-care machines do not undergo same 
quality testing and evaluation processes like 
those of conventional tests.

It is imperative that some kind of training be 
given for anyone performing the test. Standard 
technique with adherence to time guidelines must 
be complied with.

Though meaningful information can be 
obtained in 10 min of initiating the test, the whole 
test takes 30–60 min to complete.

Reagent sensitivity may differ between 
manufacturers.

Equipment, activators and other test modifica-
tions alter the specificity of the test and make 
inter-laboratory standardization a distant possibil-
ity, therefore limiting comparison of results [16].

Another limitation of TEG was inability to 
detect platelet impairment due to antiplatelet 
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drugs which was later overcome by platelet 
mapping.

Bacterial infections in cirrhotics may trigger 
release of heparin-like substances which may be 
demonstrated as a prolonged R-time in the 
TEG. This would require antibiotic therapy rather 
than product administration [2].

The coagulation profile in cirrhotic patients is 
a dynamic process rather than a static one; there-
fore, TEG/ROTEM done at the baseline may not 
reflect and predict the risk of bleeding or throm-
bosis over a longer period of time [17]. Having 
said that, it would not be reasonable to perform 
repeated assessments during the entire hospital-
ization as the cost associated with this may not be 
justified.

There is a plethora of literature indicating the 
lack of utility of traditional laboratory tests; how-
ever, studies and evidence available to ascertain 
utility and efficiency of point-of-care monitoring 
are still not substantial. Prospective, randomized 
studies are required to strengthen the evidence of 
its use [17].

Viscoelastic tests do not detect the effects of 
hypothermia as the sample is measured at 37°. 
Neither do they test the effect of hypocalcaemia 
on clot strength and platelet function [30].

Nuances of the tests, such as use of reagents 
and stimulators and analysis of the traces 
obtained, are still not well-defined and standard-
ized and have subjective variability [4].

No beneficial effect of POC-based coagula-
tion has been demonstrated on postoperative 
mortality [16].

Results of the sonoclot are influenced by fac-
tors such as age, sex and platelet count, and it has 
been criticized for the same. The sonoclot analy-
ser’s role may be limited in acutely bleeding 
patients, and its application may be limited to 
goal-directed management algorithms [16] (Box 
18.6).

Box 18.6 Summary
Pathophysiologically speaking, coagula-
tion can be broken down into [20]:

• Primary hemostasis
• Thrombin generation
• Clot formation/stabilization
• Fibrinolysis

Most standard laboratory tests reflect 
only time to fibrin formation while others 
are only quantitative and therefore do not 
reflect the entire clotting process [39].

Viscoelastic tests are useful in measur-
ing time until clot formation, dynamics of 
clot formation and stability and integrity of 
the clot over time.

These tests have been used in liver trans-
plantations and there is evidence to show 
that transfusion protocols based on point- 
of- care tests have reduced red cell and 
plasma transfusion and therefore contrib-
uted to reduction in complications due to 
transfusion.

There is evidence that point-of-care 
monitoring also reduces the incidence of 
postoperative thrombotic complications, 
and this is especially of importance in cir-
rhotic patients undergoing transplant.

Literature does not indicate effect of 
POC testing on perioperative mortality [16].

While TEG and sonoclot describe the 
global picture of hemostasis, ROTEM has a 
repertoire of test variations which enable a 
differential diagnosis [16].

Some studies correlating POC devices 
with standard laboratory tests found that 
MA correlates with both platelet count and 
fibrinogen concentration in hypercoagula-

18 Intraoperative Coagulation Monitoring in Liver Transplant Surgery
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18.5  Conclusion

Bleeding in liver failure patients is a unique and 
multifactorial phenomenon, and it is important to 
understand the rebalanced haemostasis occurring 
in these patients. Conventional testing may be 
inappropriate in these patients and the use of 
point-of-care coagulation testing has emerged as 
a valuable adjunct in establishing goal-directed 
transfusion of blood products. Transfusion of 
blood and blood products has been significantly 
reduced, and this has a major impact on postop-
erative complications and morbidity following 
liver transplant. These techniques should be 
advocated more routinely as there is evidence to 
suggest that there is a scope for increasing their 
implementation.
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19Fluid Therapy in Liver Transplant

Parshotam Lal Gautam

Liver transplantation (LT) is the standard surgical 
definite treatment for end-stage liver disease 
(ESLD) with different indications encompassing 
a wide spectrum of liver failure patients with 
variable clinical profile and status ranging from 
fulminant to chronic liver failure. It is a high-risk 
surgery requiring critical vascular volume assess-
ment and fluid management; there are multiple 
hemodynamic drifts resulting from major blood 
loss, fluid shifts, and vasomotor tone. Liver trans-
plant recipients suffer many complications, some 
of which are intervention or approach related. On 
an average, liver transplant recipients suffer more 
than three postoperative complications, with over 
half of them being severe. Perioperative acute 
renal failure is frequent (13–71%) and is associ-
ated with postoperative mortality [1, 2]. Several 
perioperative events and factors including inap-
propriate fluid therapy seem associated with the 
risk of complications ranging from insignificant 
insult to multiorgan dysfunction syndrome and 
mortality as a consequence of hypoperfusion and 
tissue hypoxia, often exacerbated by a microcir-
culatory injury and increased tissue metabolic 
demands [3, 4]. This insult sets in a chain of 
sequential molecular reactions resulting in fur-
ther ischemic and hypoxic tissue injury. This may 
be further compounded by cytopathic hypoxic 

injury due to mitochondrial dysfunction [5, 6]. If 
not all, many of these complications are prevent-
able, but at least can be minimized with good 
perioperative care. Liver transplantation is a 
growing and evolving specialty. Strategies to 
improve recipient’s survival are needed. One of 
these strategies is restrictive fluid strategies and 
has been found better postoperative outcomes 
than liberal fluid management strategies.

Fluid management strategy is one of the impor-
tant aspects of perioperative care in liver transplant 
surgery. In critically ill cirrhotic patients with 
altered pathophysiology at different levels includ-
ing organ dysfunction, endocrine imbalance, and 
receptor response alteration, volume status evalua-
tion is difficult leading to inappropriate fluid ther-
apy. Fluid overload is related to several 
complications like pulmonary edema, ileus, car-
diac failure, delayed wound healing and tissue 
breakdown, infections, and increased mortality. 
Therefore, the evaluation of volume status is cru-
cial in the optimal management of fluid therapy. 
Successful fluid overload treatment depends on the 
precise assessment of individual volume status, 
understanding the pathophysiology and principles 
of perioperative fluid management, concerns of 
volume over- and underload on graft function and 
other organs, and clear treatment goals. 
Perioperative fluid therapy is not just simple fluid 
to supplement volume for hemodynamics but 
needs to be prescribed as any other drug prescrip-
tion. If fluid administration is in excess, it leads to 
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tissue edema of every organ including the gut and 
lungs affecting adversely translocation of bacteria 
and oxygenation resulting in delayed recovery. It 
may lead to graft congestion particularly in living 
transplant recipients. If there is deficit and hypovo-
lemia, it increases the risk of ischemic and throm-
botic complications (Table 19.1). More importantly, 

a recent multicenter clinical trial showed an 
increased incidence of acute renal failure when a 
fixed restrictive perioperative fluid strategy was 
compared to a liberal one during a major abdomi-
nal surgery [7]. There is substantial data against the 
use of starch-based solutions in septic patients 
where endothelial capillary leak fails to retain fluid 
intravascularly and detrimental effects on the kid-
ney and immune system.

Current fluid therapy-related practice 
issues. There is wide variation in practice. The 
choice of fluids is largely based on traditional 
beliefs, context of practice, location, and cost. It 
seems that there is more of personnel choices 
rather than scientific approach. Most of trans-
plant anesthesiologists are quite experienced and 
skillful. Despite the knowledge and skills there is 
ample evidence that practices are not uniform 
and there is wide deviation in choice of goals and 
parameter targets, monitoring, and type of fluids 
and management strategy. Secondly as outcome 
is dependent on many factors so this makes dif-
ficult to design evidence-based fixed fluid ther-
apy protocols. All choices and preferences are 
not having equivalent outcome. However, every-
one justifies his/her own approach being an 
expert and experienced senior. Thus, there is a 
need to find the best strategy. The Liver Transplant 
Anesthesia Consortium (LTrAC) did a series of 
four comprehensive, web-based surveys in the 
United States and internationally. There was a 
very interesting finding that there were geograph-
ical differences in practice pattern. Clinicians 
from the UK, China, and Australia relied primar-
ily on colloid therapy (55–75% of time), whereas 
only 13% of clinicians in the United States used 
colloid for treating hypovolemia. In the United 

Table 19.1 Fluid overload and adverse effects

Systemic and 
organ effects Adverse effects Remarks
Systemic, organ, and tissue effects
Body 
systemic 
effects

Increased tissue 
edema

Increased morbidity 
and mortality

Infection Prolonged ICU stay
Impaired 
perfusion of 
tissues
Abdominal 
compartment 
syndrome

Tissue 
edema

Poor wound 
healing

Difficult IV access

Wound infection
Pressure 
ulceration

Organ/tissue edema
Cerebral 
edema

Impaired 
cognition

Patients with acute 
liver failure and risk 
of further rise in ICP

Cardiac Conduction 
disturbance

Pericardial effusion 
can result in cardiac 
tamponade and is 
difficult to drain in 
coagulopathic 
patients

Impaired 
contractility
Diastolic 
dysfunction
Pericardial 
effusion

Pulmonary Impaired gas 
exchange

Increased ventilator 
days, VAP and ICU 
stayReduced 

compliance
Increased work 
of breathing
Pleural effusion

Renal Interstitial 
edema

Patients with 
previous renal 
injury or HRS are at 
great risk of further 
AKI

Reduced RBF
Increased 
interstitial 
pressure
Reduced GFR
Uremia
Salt and water 
retention

Table 19.1 (continued)

Systemic and 
organ effects Adverse effects Remarks
Liver and 
gut edema

Impaired 
synthetic 
function

Graft dysfunction

Cholestasis Increased 
abdominal drain 
output

Malabsorption Translocation of 
bacteria

Ileus
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States, normal saline was a frequent choice, fol-
lowed by a pH-adjusted crystalloid in 74%. 
Albumin was a common colloid for volume 
expansion (85%; 95% CI, 70–93%). The syn-
thetic colloids HES in saline (Hespan) or HES in 
balanced electrolyte solution (Hextend) had been 
used nearly in half of programs at that time prior 
to restriction by many international agencies on 
starch fluids [8].

Understanding altered pathophysiology 
and perioperative fluid management. It is well 
established that fluid balance has an impact on 
outcome in liver transplant surgery or any other 
major abdominal surgery, particularly in high- 
risk candidates. It is important to understand that 
it is not only the type of fluid or over-jealous fluid 
therapy consequences but also happens because 
of capillary leak which may occur due to sepsis 
or reperfusion or altered membrane function 
resulting from other perioperative insults. This 
happens secondary to the release of host 
responses in the form of complement factors, 
cytokines and prostaglandin products, and altered 
organ microcirculation [9–11]. In presence of 
increased capillary permeability to proteins and 
increased trans-capillary hydrostatic pressure, 
hypervolemia secondary to inappropriate fluid 
administration to maintain pressures results in 
excessive leak [12]. There is neurohumoral alter-
ation in body homeostasis with marked activation 
of sympathetic and renin-angiotensin- aldosterone 
systems in these patients resulting in sodium 
retention with very low urinary excretion of 
sodium. The “splanchnic steal” and leaky endo-
thelium in cirrhotic make fluid management dif-
ficult. There is an inability of body to mobilize 
ascites despite adherence to the dietary salt 
restriction. There is rapid reaccumulation of fluid 
after therapeutic paracentesis despite adherence 
to a sodium-restricted diet. These changes put 
cirrhotic patients at risk of renal and another 
organ failure in the perioperative period, and a 
challenging situation for the treating physician 
[13]. The amount of fluid that leaks into the inter-
stitium correlates with infused fluid volume and 
that remained intravascular varies with the type 
of fluid and it’s terminal half life [14]. There is a 

paradigm shift in membrane function conceptual-
ization. Traditionally it was thought that fluid 
transfer across endothelial membrane is based on 
oncotic and hydrostatic pressure balance, i.e., 
Starling principle. Current concept is “Double-
barrier concept” or endothelial Glycocalyx layer. 
The endothelial glycocalyx layer is a web of 
membrane-bound glycoproteins and proteogly-
cans. Sub-glycocalyx intercellular spaces are 
almost protein-free. Capillaries filter fluid to ISF 
throughout their length. Absorption through 
venous capillaries/venules does not occur. Most 
filtered fluid returns to circulation via lymph. 
Oxidative stress, attenuation of leucocyte, and 
platelet adhesion lead to damage of endothelial 
glycocalyx layer, thus resulting in capillary leak. 
The integrity or leakiness of this layer and hence 
potential to develop interstitial edema varies sub-
stantially among organ systems, particularly 
under reperfusion and other inflammatory condi-
tions like sepsis, SIRS of surgery, trauma, and 
overfluid resuscitation [15].

19.1  Vascular Component 
Approach for Guiding Fluid 
Therapy: A Novel and Critical 
Way of Volume Status 
Assessment [16]

The blood volume and the portion of the volume 
containing red blood cells represent the vital ele-
ments of the Vascular content (vC). If the patient 
has a decreased vC irrespective of the reason, it 
equals “hypovolemia.” Here, it is important to 
understand that the vC may be low relatively sec-
ondary to vasodilator drugs, in response to anes-
thesia or redistribution of volume. The classical 
scenario is that of vasoplegia. The definite ther-
apy will be to restore the vascular tone to normal 
range but at times may be difficult. Clinically, an 
important feature of any clinical assessment is 
“the patient's volume status.” However, for better 
management, we need to look at all components 
tone, integrity, and hemodynamics rather than 
volume status only resulting in inappropriate 
therapy. The separate evaluation of these differ-
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ent components allows better assessment and 
management of the patient. These four main 
components are

 1. Blood flow (BF)
 2. Vascular content (vC)
 3. Vascular barrier (vB)
 4. Vascular tone (vT)

An obvious limitation to assess each compo-
nent reliably bedside is not easy with routine 
monitoring tools. This concept needs translation 
in clinical practice to avoid unnecessary fluids in 
volume responsive patient where vasopressors 
may prove to be a better option.

19.2  Restrictive vs. Liberal 
Strategy

The impact of perioperative fluid balance and 
fluid therapy has been studied on postoperative 
complications in last decades in complex surgical 
populations and septic patients including cardiac, 
liver transplant and liver resections, with many 
different combinations of fluid management pro-
tocols, strategies, and hemodynamic goals. It is 
difficult to find the ideal or optimal protocol. 
ERAS guidelines emphasize on restrictive fluid 
strategy for enhanced recovery in major abdomi-
nal surgery. Perioperative fluid imbalance, 
defined as too little or too much fluid, had been 
associated with a greater than 60% increase in 
postoperative complications after major abdomi-
nal surgery [17, 18].

Even in restrictive strategy, there is a need to 
define target if zero balance or negative balance 
or minimal positive balance or to which side we 
can err while moving in gray shades. To imple-
ment a strategy, there is a need to know the best 
monitoring tool to guide fluid therapy. All devices 
and related parameters to guide fluid manage-
ment protocol have some caveats and limitations. 
If the physician is unaware of these pitfalls, one 
can make mistakes not only in therapy but in 
research analysis leading to biased results. There 
are many restrictive fluid strategies such as early 

goal-directed protocols, weight-based protocols, 
low-CVP protocols, SVV or cardiac output or 
PAP-based protocols. Recent systematic reviews 
done on major surgeries particularly abdominal 
suggest that cardiac output-guided fluid adminis-
tration, compared to either fixed restrictive or 
fixed liberal strategies, reduces postoperative 
complications by 20–30% in patients undergoing 
major surgery highlighting and signifying prefer-
ence to restrictive fluid strategy in these sub-
groups of these patients [19–21].

Thus, current evidence favors to a specific tar-
get using restrictive strategy. Sometimes when 
the patient is too leaky to hold fluid into the vas-
cular compartment, edema sets in despite keep-
ing low vascular volume. Fluid overload is not 
only a consequence of fluid therapy but also 
occurs because of altered capillary endothelial 
function and high hydrostatic pressure from vol-
ume overload resulting in leak during severe sep-
sis secondary to the release of complement 
factors, cytokines and prostaglandin products, 
and altered organ microcirculation. Edema in a 
vicious cycle results in impaired oxygen and 
metabolite diffusion, distorted tissue architec-
ture, obstruction of capillary blood flow and lym-
phatic drainage, and disturbed cell to cell 
interactions that may then contribute to progres-
sive organ dysfunction. Encapsulated organs suf-
fer these insults greater than other organs and 
tissues [22, 23].

19.3  Composition of Fluids and Its 
Impact on Outcome

The right choice of fluid replacement has been a 
matter of debate. We have three types of fluids 
broadly: crystalloids, colloids, and albumin. 
Further we have balanced and non-balanced 
crystalloid fluids with different electrolyte com-
position. Colloids include starch-based, gelo-
fusine-based, and albumin with different 
strengths. Colloids have an edge over crystalloids 
in expanding the plasma volume and stays longer 
in the intravascular compartment. The volume 
administered is less thereby lower incidence of 
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pulmonary, and other organ edema. There is sub-
stantial evidence that supports its benefits on 
microcirculation, blood rheology, and inflamma-
tory mediators. However, starch-based fluids are 
almost out particularly in septic patients and other 
critically ill patients because of their adverse 
effects and ban by various regulatory agencies. 
Some of the adverse effects are acute and chronic 
toxicity, coagulopathy, and hypersensitivity reac-
tions in addition to its cost [24, 25]. Most of these 
studies are from intensive care settings where 
most of these patients are septic with altered 
endothelial function. There are few studies from 
cardiac surgeries debating for the safety of these 
HES fluids. These studies underlined the difficul-
ties in establishing hardcore outcome data, even 
in large cohort studies. Although the findings 
seemed to diminish the magnitude of risk using 
HES, it cannot nullifies the results of metanalysis 
and systemic reviews [26–29]. There is data from 
animal studies suggesting that 6% HES 130/0.4 
exerts protective effects on glycocalyx integrity 
and attenuates the increase of vascular permeabil-
ity during systemic inflammation [30]. However, 
with current literature the safety of starch-based 
colloids is questionable in critically ill patients.

Human serum albumin has been widely used 
for many decades in clinical settings with vari-
able reputation as choice over time, but a frequent 
choice in cirrhotic patients. Albumin is the most 
abundant protein in the human body, accounting 
for ∼55% of the total protein content in plasma, 
with many physiologic functions including bind-
ing and transporting a large number of drugs and 
both endogenous and exogenous substances. It 
plays an important role as defensive quality by 
trapping the toxic matter. Moreover, it has anti-
oxidant, free radical scavenger, antithrombotic, 
and anticoagulant effects and seems to limit 
increased capillary permeability during inflam-
mation [31, 32]. Albumin as a perioperative fluid 
therapy is not the first choice as it is costly. 
However, it is often used whenever there is large 
ascites and fluid requirement is large. Currently it 
is recommended in spontaneous bacterial perito-
nitis with ascites, refractory ascites not respon-
sive to diuretics, large-volume paracentesis, 

post-paracentesis syndrome, and the treatment of 
hepatorenal syndrome as an adjunct to vasocon-
strictors. New indications for albumin therapy 
include the antioxidant activity and its effects on 
capillary integrity. In recent years, large-pore 
hemofiltration and albumin exchange have 
emerged as promising liver support therapies for 
liver failure and other toxic syndromes. They are 
designed to remove a broad range of blood-borne 
toxins and to restore normal functions of the cir-
culating albumin by replacing defective forms of 
albumin and albumin molecules saturated with 
toxins with normal albumin [32]. In recent years, 
the use of albumin has been questioned in many 
studies by the growing concern about the cost- 
effectiveness of medical treatments. Many of the 
metanalysis comparing saline and albumin has 
not shown discernible benefit of albumin [33–
38]. In a recent study in cardiac surgical intensive 
care, albumin infusion decreased the need for 
fresh frozen plasma transfusion, reduced mortal-
ity, and lowered serum lactate level but increased 
financial burden for patients, compared to normal 
saline group [39]. However, currently careful 
patient assessment is necessary before adminis-
tering albumin to see appropriateness as there are 
a number of contraindications and growing con-
cern of cost-effectiveness [34–36, 40]. The 
adverse effects of albumin have been reported 
such as interstitial pulmonary edema, multiorgan 
failure in capillary leak syndrome, or antihemo-
static and antiplatelet properties that may worsen 
blood loss, particularly in post-surgical or trauma 
patients. In view of high cost and some other 
associated concerns, appropriateness of prescrip-
tion is paramount.

In a recent review by Zhou et al. comparing 
the efficacy and safety of normal saline (NS) for 
fluid therapy in critically ill with other fluids and 
colloids, there is no significant different in mor-
tality and incidence of AKI when compared with 
10% HES, albumin, and buffered crystalloid 
solution [41]. A good understanding of individual 
fluid with its advantage and disadvantage and its 
interaction in liver recipient with altered homeo-
stasis and neurohumoral response when com-
pared with other fluids prescribed for critically ill 
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patients is conducive to make good clinical deci-
sion. There is substantial evidence and  experience 
to support the use of albumin as a part of fluid 
therapy in liver transplant recipients but its use 
should be restricted and prescribed judiciously to 
make liver transplant economical.

19.4  Monitoring of Volume Status 
and Perioperative Fluid 
Management

Intravenous fluid therapy plays a key role in the 
perioperative management of transplant, and 
many authors believe that it should be like drug 
prescription where drug, dose, time, and route 
matter. Considering the type, dose-effect rela-
tionship, and side effects of fluids, fluid therapy 
should be regarded similar to other drug therapy 
with specific indications and tailored recommen-
dations. By emphasizing the necessity to indi-
vidualize fluid therapy, we hope to reduce the risk 
to our patients and improve their outcome. 
Weight gain greater than 10% is considered a risk 
factor for increased pulmonary complications in 
major abdominal surgeries. Observational stud-
ies in nontransplant critically ill patients who 
required continuous renal replacement therapy 
(CRRT) have shown an association between fluid 
overload and mortality [42, 43].

The clinical determination of the intravascular 
volume can be extremely difficult in critically ill 
and surgical patients who have altered vascular 
tone and volume due to anesthesia and major sur-
gery. This is problematic as fluid loading is con-
sidered the first step in the resuscitation of 
hemodynamically unstable patients. However, 
recent data suggest that only about 50% of hemo-
dynamically unstable patients in the ICU and 
operating room respond to a fluid challenge [44–
46]. Traditionally used CVP and other cardiac 
filling pressures over the last many decades are 
unable to predict fluid responsiveness. Over the 
last decade a number of studies have been 
reported where heart–lung interactions have been 
used to assess fluid responsiveness in mechani-
cally ventilated patients. Particularly, the pulse 
pressure variation derived from analysis of the 

arterial waveform and the stroke volume varia-
tion derived from pulse contour analysis have 
been found to be highly predictive of fluid 
responsiveness and a better tool to guide fluid 
therapy. In difficult situations and particularly 
transplant surgery, transesophageal echocardiog-
raphy is a more accurate measure of preload than 
either the central venous pressure or pulmonary 
artery occlusion pressure using left ventricular 
end-diastolic area as TEE not only predicts fluid 
responsiveness but provides functional status of 
the heart as well as the dynamic indices. There 
are always controversial results as study design 
and bias factors change. However, with less 
expertise and cost issues, TEE in many centers is 
underutilized.

Although there is current trend in using SVV 
calibrated and uncalibrated both in liver trans-
plant recipients despite controversial literature, 
many centers use uncalibrated SVV along with 
derived cardiac index and SVRI as a routine tool. 
There are many studies where authors have docu-
mented poor performance with uncalibrated 
SVV.  A couple of studies using pulse pressure 
variations and protocolized fluid therapy based 
on pulse pressure variation and cardiac index in 
the setting of brain death donors to guide fluid 
therapy failed to demonstrate any discernible 
benefit [47].

In transplant recipients, in order to maintain 
perfusion of graft and vital organs, restore car-
diac output, systemic blood pressure, and renal 
perfusion an adequate fluid resuscitation is essen-
tial. Overload is detrimental to gut function and 
overall recovery delay. Low perfusion state car-
ries the risky of hepatic artery thrombosis. 
Achieving an appropriate level of volume man-
agement requires knowledge of the underlying 
pathophysiology, evaluation of volume status, 
and selection of appropriate monitoring device or 
making good judgment from corroborative mul-
tiple data, appropriate solution for volume reple-
tion, and maintenance and modulation of the 
tissue perfusion [48–51].

Fluid overload recognition and assessment 
requires an accurate documentation of all intakes 
and outputs, yet there is a wide variation in prac-
tice: how it is evaluated, reviewed, and utilized. 
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But in a nutshell it is equally important to look at 
assessing the intravascular status and cumulative 
balance. Accurate volume status evaluation is 
essential for appropriate therapy since errors of 
volume evaluation can result in either lack of 
essential treatment or unnecessary fluid adminis-
tration, and both scenarios are associated with 
increased mortality. It is important to discuss 
fluid therapy in the team meeting - whether to 
adopt restrictive or liberal fluid regime. There 
are several methods to evaluate the fluid status; 
however, most of the tests currently used are 
fairly inaccurate. Diuretics, especially loop 
diuretics, remain a valid therapeutic alternative 
in posttransplant period to optimize the balance. 
Fluid overload refractory to medical therapy 
requires the application of extracorporeal thera-
pies [52].

19.5  Fluid Assessment in ICU

It is challenging at times to evaluate a critically ill 
or transplant recipient in the perioperative period 
with altered vascular tone particularly if there is 
an element of sepsis. Fluid evaluation requires a 
critical review of intake and output chart to moni-
tor with advance gadgets in collaboration consid-
ering the limitations of each device. Accurate 
volume status evaluation is essential and critical 
for appropriate fluid prescription. Volume status 
assessment errors can result in over- or under- 
fluid treatment, both associated with increased 
dysfunction of different organs leading to mor-
bidity and mortality. There are several clinical 
and device tools to evaluate the fluid status; how-
ever, most of the tests currently used are fairly 
inaccurate at times. We need to understand and 
know the limitation of the device and pitfalls in 
the monitoring technique. Each method has gray 
areas where the performance is equivocal. We 
should try to consider other data streams and 
interpret in collaboration.

 1. Nursing documentation calculations
 (a) Daily fluid balance: daily difference in 

all intakes and all outputs including 
drains, CRRT fluid removal if applied 

which frequently does not include insen-
sible losses.

 (b) Cumulative fluid balance: sum of each 
day fluid balance over a period of time 
including intraoperative balance.

 (c) Weight gain: Percentage of fluid over-
load adjusted for bodyweight: cumulative 
fluid balance that is expressed as a 
percent.

Fluid overloador weight gain

Total fluid in total fluid out

Admis
=

− %

ssion bodyweight
×100

 (d) Clinical signs of fluid overload: usually 
implies a degree of pulmonary edema 
(PaO2/FiO2 ratios) or peripheral edema 
(chemosis).

 2. Radiological Imaging
 (a) Chest X-ray Chest X-ray has been one of 

the most used tests to evaluate for hypervol-
emia. Radiographic sings of volume over-
load include dilated upper lobe vessels, 
cardiomegaly, interstitial edema, enlarged 
pulmonary artery, pleural effusion, alveolar 
edema, prominent superior vena cava, and 
Kerley lines. However, a reliable single tool 
is not available to comment on fluid over-
load or cardiac dysfunction may not be 
good tool as may miss subtle changes.

 (b) Ultrasonographic assessment of IVC, 
lung ultrasound and jugular veins. 
Blue protocol and Sonographic artifacts 
known as B-lines that suggest thickened 
interstitial or fluid- filled alveoli can be 
detected using thoracic ultrasound. 
PCWP and fluid accumulation in lungs 
have been correlated with the presence of 
B-lines (“comet-tail images”) in patients 
with congestive heart failure and volume 
overload. Agricola et al. found significant 
correlations between comet-tail images 
score and extravascular lung water deter-
mined by the PiCCO System, between 
comet score and PCWP, and between 
comet-tail images score and radiologic 
sings of fluid overload in the lungs [34]. 
The measurement of the inferior vena 
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cava (IVC) diameter can also be used to 
assess  volume status. Normal diameter of 
IVC is 1.5–2.5 cm (measured 3 cm from 
the right atrium); volume depletion is 
considered with an IVC diameter <1.5 cm 
while an IVC diameter >2.5 cm suggests 
volume overload. Other IVC signs are 
collapsibility and distensibility in sponta-
neously breathing patients and in mechan-
ically ventilated patients respectively. In 
an observational study Lyon et al. found 
significant differences between the infe-
rior vena cava diameter during inspiration 
(IVCdi) and during expiration (IVCde), 
before and after blood donation of 
450 mL [35]. There are other studies sup-
porting the use of IVC diameter. We also 
use ultrasonography quite a lot in the 
perioperative period to evaluate the fluid 
and cardiac status. We try eyeballing dif-
ferent parameters of ultrasonography 
such as lung ultrasound, IJV and IVC 
diameters and collapsibility along with 
cardiac chamber sizes. In patients treated 
for hypovolemia, Zengin et al. evaluated 
the IVC and right ventricle (RVd) diame-
ters and diameter changes with the diam-
eters and diameter changes of healthy 
volunteers. The IVCd was measured 
ultrasonographically by M-mode in the 
subxiphoid area and the RVd was mea-
sured in the third and fourth intercostal 
spaces before and after fluid resuscita-
tion. As compared with healthy volun-
teers, average diameters in hypovolemic 
patients of the IVC during inspiration and 
expiration, and right ventricle diameter 
were significantly lower. After fluid 
resuscitation, there was a significant 
increase in mean IVC diameters during 
inspiration and expiration as well as in the 
right ventricle diameter [36]. Bedside 
inferior vena cava diameter and right ven-
tricle diameter evaluation could be a prac-
tical noninvasive instrument for fluid 
status estimation and for evaluating the 

response to fluid therapy in critically ill 
patients.

 3. Biochemistry: BNP levels High levels of 
BNP can be found with diastolic dysfunction 
and volume overload commonly; however, 
some conditions like myocardial infraction 
and pulmonary embolism can cause elevated 
levels of BNP. Other conditions that have to 
be taken into account when evaluating BNP 
levels are renal failure, which is associated 
with high BNP levels and obesity where there 
is lower BNP levels. The greatest utility of 
BNP levels is in the absence of elevation, 
since low BNP levels have a high negative 
predictive value for excluding heart failure 
diagnosis [53–55].

Medical history, record review, clinical 
signs along with routine diagnostic studies 
(chest radiograph, electrocardiogram, and 
serum B-type natriuretic peptide (BNP)) helps 
in overload assessment as well as to differen-
tiate heart failure from other causes.

 4. Bioimpedance analysis
It is a noninvasive and inexpensive versa-

tile test that transforms electrical properties of 
tissues into clinical information. Bioimped-
ance vector analysis (BIVA) measures whole 
body water. This technology is evolving to 
evaluate hydration status in the postoperative 
period particularly in patients who are on dial-
ysis [56]. Its role may get more explored in 
the perioperative period to assess the excess 
water gain.

19.6  Special Considerations

19.6.1  LDLT vs. Cadaveric

Brain-dead donors currently remain the primary 
source of grafts for solid organ transplantation in 
the western world except in southeast Asian 
countries where live donor program is the back-
bone. In this context, appropriate management of 
organ donors from the diagnosis of brain death to 
the end of the organ procurement (OP) procedure 
is of paramount importance to optimize the func-
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tion of potential grafts. As there is altered patho-
physiology in brain-dead donors, there is dying 
endocrine function leading to diabetes insipidus 
and hemodynamic instability requiring special 
attention to maintain organ function of individual 
organ. Thus, it is of utmost importance to main-
tain strict balance as per the organ retrieval. 
However, data is limited to make an evidence- 
based recommendation. The current practice is of 
restrictive strategy using fluids with chloride 
restriction and starch free balanced salt solutions 
in this subset of patients. A French survey done 
by Champigneulle et  al. in collaboration with 
SFAR research network also found similar prac-
tices and concerns by the respondents [57].

Hormonal substitution should be used to 
maintain hemodynamics for organ procurement 
particularly where retrieval is delayed in days.

As most of LDLT cases are performed elec-
tively, living donor recipients may have better 
compensated liver disease at the time of surgery 
than cadaver donor recipients. A study by 
Niemann et  al. found that while intraoperative 
fluid and transfusion requirements are similar in 
LDLT and cadaveric recipients, the impact of 
transplantation on pulmonary gas exchange and 
reperfusion syndromes is more pronounced in 
patients receiving organs from cadaveric donors. 
Intraoperative transfusion and fluid requirements 
were also not significantly different in recipients 
from living donors versus cadaveric donors with 
regard to red blood cells, fresh frozen plasma, 
platelets, and cryoprecipitate. Authors thought 
that this difference probably arose from longer 
cold ischemia times present in the cadaveric 
donor group [58].
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20Role of Vasopressors in Liver 
Transplant Surgery

Sonali Saraf

20.1  Introduction

Liver transplant is the only treatment for patients 
with end-stage liver disease (ESLD), regardless 
of the aetiology of liver failure. Patients with 
ESLD typically have hyperdynamic circulation 
with increased cardiac output (CO), heart rate 
(HR) and decreased systemic vascular resistance 
(SVR) [1, 2], resembling patients with sepsis. 
During liver transplant (LT) surgery, these hae-
modynamic responses are further exacerbated 
after induction of general anaesthesia (GA), 
increased blood loss during surgery, massive 
fluid shifts intra-operatively and post-reperfusion 
of the new graft. Strategies to maintain haemody-
namics include maintaining adequate intravascu-
lar volume, managing coagulopathy with the use 
of blood products and combating vasodilatation 
due to impaired vascular tone with the use of 
vasopressors. Vasopressors are agents that induce 
vasoconstriction, thereby elevating MAP [3, 4]. 
Some vasopressors also have inotropic effects. 
This chapter outlines the different vasopressors 
used in LT surgery.

20.2  Aetiopathogenesis

The patients with ESLD typically have a high 
CO, cardiac index (CI) with normal-to-low mean 
blood pressure (MBP), variable central venous 
pressure (CVP) along with decreased SVR sec-
ondary to portal hypertension [1, 2]. They may 
have underlying cirrhotic cardiomyopathy, 
underlying coronary artery disease (CAD), and 
porto-pulmonary hypertension which need to be 
evaluated in the pre-anaesthesia check-up. 
Mediator-induced vasodilation in splanchnic and 
peripheral circulation reduces the effective circu-
latory blood volume, resulting in a compensatory 
increase in HR and CO.  Decreased perfusion 
pressure can also lead to diminished renal blood 
flow in cirrhotic patients which in turn stimulates 
the renal angiotensin aldosterone system (RAAS) 
and antidiuretic hormone (ADH) production. 
This results in renal artery vasoconstriction, 
sodium retention and volume expansion [1, 2].

It is recognized that type 1 HRS is reversible 
following treatment with intravenous albumin 
and vasoconstrictors in 60–75% of patients, as 
serum creatinine levels drop to below 1.5 mg/dL, 
resulting in improved survival. However, both 
therapeutic components are necessary (i.e. albu-
min and vasoconstrictor), as a single-agent treat-
ment did not revert HRS.

Numerous vasodilatory mediators have been 
recognized in circulation in ESLD patients, most 
important of which is nitric oxide (NO). S. Saraf (*) 
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Cytokines, especially TNF α, are considered to 
be NO inducers. Endothelial NO synthase is the 
main source of NO production. In ESLD patient’s 
sensitivity of β-adrenoreceptors is relatively 
decreased causing attenuated cardiovascular 
response to endogenic catecholamines [1, 2].

20.3  Haemodynamic Changes 
During LT Surgery

20.3.1  Anaesthesia-Related Factors

All general anaesthesia techniques reduced the 
hepatic blood flow (HBF) by about 30% second-
ary to the fall in the systemic arterial blood pres-
sure in a dose-dependent manner. Use of isoflurane 
and sevoflurane for anaesthesia maintenance may 
cause only minimal reduction in HBF and does 
not have any significant influence on oxygen 
transport and extraction ratio in the liver [1, 2, 5]. 
Short-acting opioids, especially fentanyl, has no 
effect on HBF.  Initiation of mechanical ventila-
tion, positive end-expiratory pressure (PEEP), 
systemic hypotension, hypoxemia, hypocapnia 
and alkalosis reduce HBF. Hence it is important to 
maintain mean arterial pressure (MAP) around 
75–85  mmHg, HR below 100/min, SVR more 
than 500 dynes/s/cm−5 with normal central venous 
pressure (CVP) and CO of more than 4 L/min.

20.3.2  Surgery-Related Factors [1, 2]

LT surgery is accomplished in four stages.

First stage—Preanhepatic or dissection phase 
where the diseased liver is prepared for 
removal. Portal vein clamping followed by 
hepatic artery and hepatic veins clamping 
denotes the start of anhepatic phase.

Second stage—Anhepatic phase where the dis-
eased liver is removed from the body and vas-
cular anastomoses are being performed on the 
donor organ.

Third stage—Reperfusion and post-reperfusion 
phase where the vascular venous clamps are 

released and organ is reperfused. This is the 
shortest phase with most significant haemody-
namic impact.

Fourth stage—Post-reperfusion phase includes 
hepatic artery and bile duct reconstruction.

Phase 1: Dissection phase (preanhepatic)—
during this phase massive fluid shifts are com-
mon due to ascites evacuation causing a drop in 
intra-abdominal pressure with increase in 
splanchnic volume. Blood loss may be substan-
tial due to abundance of venous collaterals sec-
ondary to portal hypertension and presence of 
infection. Adhesions due to previous surgeries 
results in blood loss and metabolic acidosis 
which further contributes to decrease in CO, CI 
and MBP.  Transfusion is recommended for 
haemorrhage; however, overtransfusion should 
be avoided. Colloid (e.g. 5% albumin) infusion 
can also be considered to preserve intravascular 
volume, with additional vasopressor infusion 
also in consideration.

Phase 2: Anhepatic phase—during this phase 
portal cross clamp can reduce the venous return 
but is generally well tolerated in cases of well- 
developed porto-systemic collaterals (secondary 
to portal hypertension). Inferior vena cava (IVC) 
complete cross clamp leads to a more substantial 
and poorly tolerated (approximately 50%) 
decrease of venous return. Partial IVC clamp 
reduces venous return by 25–50% and may be 
well tolerated. ESLD patients have a very limited 
capacity to compensate for this rapid decrease in 
venous return. Veno-venous bypass (VVV) 
should be a standby in operation theatres (OT) if 
severe haemodynamic instability presents during 
test clamping.

Phase 3: During graft reperfusion major hae-
modynamic changes are seen that may result in 
end organ injuries. This is the ischaemia reperfu-
sion syndrome (IRS) which may result in tachy/
brady arrythmias, direct myocardial depression, 
profound vasoplegia (rapid drop of SVR), hypo-
tension, cardiac arrest, acute interstitial pulmo-
nary oedema leading to right ventricular overload, 
rise in CVP and pulmonary artery pressure (PAP). 
Blood loss, hypovolaemia, hypothermia and 

S. Saraf



255

 lactic acidosis all contribute to decreased sensi-
tivity to catecholamines and efficiency of 
vasopressors.

Ischaemia reperfusion syndrome is defined as 
more than 30% decrease in MBP from that in 
anhepatic phase, lasting longer than 1 min during 
the first 5  min after reperfusion of liver graft. 
During the periods of ischaemia and reperfusion 
of the liver, there is a microcirculatory failure, 
activation of Kupffer cells and production of 
reactive oxygen species, inflammatory responses 
and apoptosis of the hepatocytes.

Ischaemia reperfusion injury (IRI) is associ-
ated with primary graft dysfunction and delayed 
graft function. Strategies of prevention of IRI 
include ischaemic preconditioning (IP) and phar-
macological management.

Ionotrope infusion of choice in many centres 
is norepinephrine alone. Other agents may be 
added to this during the most critical anhepatic 
phase maintenance during reperfusion. 
Epinephrine may be added, with the purpose of 
using its β-stimulation activity. Some centres use 
“pretreatment” with epinephrine and phenyleph-
rine combination for post-reperfusion syndrome 
prevention.

Vasopressin in small boluses, 1–2 U, may be 
highly efficient in opposing the significant and 
rapid decrease of SVR, and calcium chloride, up 
to 100 mg, may enhance inotropic effects of epi-
nephrine. Methylene Blue, 2  mg/kg, has been 
reported as very efficient and “last resort” drug 
for prolonged and profound hypotension, refrac-
tory to treatment with other vasoactive drugs. 
The presence of significant metabolic, mainly 
lactic, acidosis is a well-known cause of decreased 
vasoactive agent’s efficiency. To overcome hypo-
responsiveness to vasopressors, sodium bicar-
bonate infusion may be necessary.

Phase 4: In post-reperfusion phase (Neohepatic 
phase) the major factors contributing to haemo-
dynamic instability include ongoing blood loss, 
deficiency of coagulation factors by the liver 
graft, hypocalcaemia secondary to blood transfu-
sions and lactic acidosis. While combating the 
loses, close communication with the surgeons 
and the surgical field is important to avoid over-

zealous correction of volume. Graft congestion 
causes substantial perfusion and oxygen delivery 
impairment in the newly transplanted liver that 
delays normal function restoration, specifically 
restart of coagulation components synthesis, 
which, in turn, exacerbates and prolongs the 
coagulation deficit. Maintenance of low central 
venous pressure to decrease graft congestion is 
important at this stage.

Continued use of vasopressors in low doses 
may help prevent this. Some centres advocate a 
background infusion of Nitroglycerin (NTG) to 
prevent this complication [5]. NTG has proved to 
be an effective agent for treatment of pulmonary 
hypertension. It has been shown that nitroglyc-
erin infusion resulted in pulmonary vascular 
resistance decrease by 43% and mean pulmonary 
artery pressure decrease by 19%. Boluses of 
diuretics, e.g. furosemide, may be required as 
well.

Due to rapid ongoing fluid shifts in LT surgery 
these patients need invasive advanced haemody-
namic monitoring for continuous pressure moni-
toring, meticulous fluid balance, blood gas 
analysis and determining haemodynamic 
response to vasopressors. The pulse contour anal-
ysis is useful for monitoring cardiac output, for 
e.g. the PiCCO system, the Flowtrach, the LiDCO 
and Transoesophageal echocardiography (TEE).

Many studies have shown that the use of an 
adjuvant vasopressor, together with controlled 
fluid administration, to maintain a stable haemo-
dynamic status during GA reduced the need for 
endotracheal reintubation and its associated mor-
bidities in the postoperative period [4, 6].

20.4  Vasoactive Agents Used 
During Orthotopic Liver 
Transplant (OLT) [3, 4, 6]

Vasopressors are indicated in liver transplant 
when the BP falls more than 30 mmHg from the 
baseline systolic pressure, or a MAP less than 
60 mmHg, when there is a risk of end organ dys-
function due to hypoperfusion. Hypovolaemia 
needs to be corrected prior to the institution of 
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vasopressor therapy as vasopressors will be 
 ineffective or only partially effective in a settling 
of coexisting hypovolaemia [3–7].

Adrenergic Agents Adrenergic agents, such as 
norepinephrine, epinephrine, phenylephrine, 
dopamine and dobutamine, are the most com-
monly used vasopressor and inotropic drugs in 
ESLD patients undergoing LT [3–6].

20.4.1  Norepinephrine

Norepinephrine acts on both alpha-1 and beta-1 
adrenergic receptors (α1  >β1). Norepinephrine- 
induced β1 adrenergic stimulation would cause 
tachycardia; however elevated MAP from its α 
adrenergic receptor-induced vasoconstriction 
results in a reflex decrease in the heart rate, so the 
net result is a stable or slightly reduced heart rate 
when the drug is used. It should be given in an 
infusion, preferably through a central line, in a 
dose of 0.01–3.0  mcg/kg/min. It is an agent of 
choice used in most centres for combating hypo-
tension during liver transplant.

20.4.2  Phenylephrine

Phenylephrine has purely alpha-adrenergic ago-
nist activity and therefore results in vasoconstric-
tion with minimal cardiac inotropy or 
chronotropy. The drug is useful in the setting of 
hypotension with an SVR <700 dynes  ×  s/cm5 
(e.g. hyperdynamic sepsis, neurologic disorders, 
anaesthesia-induced hypotension).

SVR elevation increases cardiac afterload, 
which is tolerated among patients without pre- 
existing cardiac dysfunction. The drug is contra-
indicated if the SVR is >1200 dynes × s/cm5 and 
those having previous cardiac dysfunction.

Due to phenylephrine’s almost purely 
α-mimetic activity, its use actually addresses the 
low SVR problem, a main culprit for low MABP 
in majority of cases, provided that volume status 
correction and maintenance is being performed 
properly. Hence it is used in some centres in infu-

sion during the preanhepatic phase and along 
with other agents like norepinephrine or vaso-
pressin during the reperfusion phase. Some cen-
tres give phenylephrine as intermittent boluses of 
10–100 mcgs during the reperfusion phase.

20.4.3  Epinephrine

Epinephrine has potent beta-1 adrenergic recep-
tor activity and moderate beta-2 and alpha-1 
adrenergic receptor effects. Clinically, low doses 
of epinephrine increase CO because of the beta-1 
adrenergic receptor inotropic and chronotropic 
effects, while the alpha-adrenergic receptor- 
induced vasoconstriction is often offset by the 
beta-2 adrenergic receptor vasodilation. The 
result is an increased CO, with decreased SVR 
and variable effects on the MAP.  However, at 
higher epinephrine doses the alpha-adrenergic 
receptor effect predominates, producing 
increased SVR in addition to an increased CO.

Other disadvantages of epinephrine include 
dysrhythmias (due to beta-1 adrenergic receptor 
stimulation) and splanchnic vasoconstriction. 
Epinephrine and norepinephrine decrease liver 
and kidney tissue perfusion, thereby reducing 
lactate clearance, promote lactic acidosis and 
cause temporary alterations of hepatic macro- 
and microcirculation (return to baseline 2 h after 
onset of infusion). Dose-dependent progressive 
decline of hepatic macro- (33–75% reduction) 
and microcirculation (39–58% reduction) was 
found in transplanted livers. Norepinephrine has 
a direct constrictor effect on liver sinusoids, 
thereby reducing hepatic blood volume/flow and 
aggravating portal hypertension [5].

It is recommended to be given as an infusion 
via a central line, in a dose of 0.01–2.0 mcg/kg/
min.

Its use is restricted to second-line vasopressor 
in case of hypotension unresponsive to noradrena-
line infusion during reperfusion phase with myo-
cardial depression. In some centres, pretreatment 
with epinephrine with phenylephrine is used prior 
to reperfusion. Bolus doses of 10 mcgs may be 
reserved for use during the reperfusion phase.
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However, in paediatric age group, hypoten-
sion is largely dependent on heart rate rather than 
the SVR. In these patients, epinephrine is mainly 
the first choice of ionotrope.

20.4.4  Ephedrine

Similar to epinephrine, ephedrine acts primarily 
on beta 1 adrenergic receptors, but with less 
potency. It also has an effect by leading to release 
of endogenous norepinephrine. Since tachycar-
diac is not desired, it is rarely used except in the 
setting of post-anaesthesia-induced hypotension.

20.4.5  Dopamine

Dopamine has a variety of effects depending 
upon the dose range administered. It is most often 
used as a second-line alternative to norepineph-
rine in patients with absolute or relative brady-
cardia and a low risk of tachyarrhythmias.

• At doses of 1 to 2 mcg/kg/min, dopamine acts 
predominantly on dopamine-1 (D1) receptors 
in the renal, mesenteric, cerebral and coronary 
beds, resulting in selective vasodilation. Some 
reports suggest that dopamine increases urine 
output by augmenting renal blood flow and 
glomerular filtration rate and natriuresis by 
inhibiting aldosterone and renal tubular 
sodium transport.

• At 5 to 10 mcg/kg/min, dopamine also stimu-
lates beta-1 adrenergic receptors and increases 
cardiac output, predominantly by increasing 
stroke volume with variable effects on heart rate.

• At doses >10  mcg/kg/min, the predominant 
effect of dopamine is to stimulate alpha- 
adrenergic receptors and produce vasocon-
striction with an increased SVR. However, the 
overall alpha-adrenergic receptor effect of 
dopamine is weaker than that of norepineph-
rine and the beta-1 adrenergic receptor stimu-
lation of dopamine at doses >2  mcg/kg/min 
can result in dose-limiting dysrhythmias.

Intraoperative use of dopamine, 3 mcg/kg/min 
in OLT, is intended to preserve and protect the 

adequate renal function, especially in cases of 
hepatorenal syndrome. Higher rates of dopamine 
infusion, 5–10 to 20  mcg/kg/min, increase car-
diac output and SVR. However, gaining CO/CI 
increase at the expense of tachycardia and, poten-
tially, some rhythm disturbances makes dopa-
mine a less desirable agent during liver transplant 
surgery.

20.4.6  Dobutamine

Dobutamine is not a vasopressor but rather is an 
inotrope that causes vasodilation. Dobutamine 
causes predominant beta-1 adrenergic receptor 
effect which increases inotropy and chronot-
ropy and reduces left ventricular filling pres-
sure. In patients with heart failure this results in 
a reduction in cardiac sympathetic activity. The 
net effect is increased CO, with decreased SVR 
with or without a small reduction in blood 
pressure.

Dobutamine is most frequently used in severe, 
medically refractory heart failure and cardio-
genic shock. Given as an infusion in the dose of 
2.5–10.0 mcg/kg/min. It is of use in cardiac eval-
uation of patients undergoing transplant surgery, 
the Dobutamine stress echocardiography. It is 
reserved in treatment during liver transplant 
when the patient develops cardiac failure refrac-
tory to other treatment.

20.4.7  Isoproterenol

Isoprenaline acts upon beta-1 adrenergic recep-
tors and, unlike dobutamine, has a prominent 
chronotropic effect. It also acts on beta 2 adrener-
gic receptor causing vasodilation and a decreas-
ing MAP.  Therefore, its utility in hypotensive 
patients is limited to situations in which hypoten-
sion results from bradycardia.

20.4.8  Vasopressin and Analogues

Vasopressin (antidiuretic hormone ADH) is used 
in the management of diabetes insipidus and 
oesophageal variceal bleeding. It is primarily 
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used as a second-line agent in refractory vasodi-
latory shock, particularly septic shock or anaphy-
laxis that is unresponsive to epinephrine [7].

Terlipressin, a vasopressin analogue, has been 
used successfully in the treatment of hepatorenal 
syndrome (HRS) and variceal bleeding [8–10]. 
Terlipressin is a pro-hormone of Triglycyl- 
Lysine- Vasopressin. Following intravenous 
administration, the glycyl residues are cleaved 
from the pro-hormone by endothelial peptidases, 
allowing prolonged release of lysine-vasopressin. 
It can be given in divided doses or as an infusion. 
Terlipressin has affinity for both V1 and V2 
receptors and selectively causes splanchnic and 
extra-renal vasoconstriction by V1 vascular 
smooth muscle receptor stimulation. It thereby 
reduces the splanchnic blood flow and portal 
pressure, diverting the volume to systemic circu-
lation, thereby improving the effective circula-
tory volume and renal perfusion pressure. There 
is an increase in MAP and SVR while the HR, 
CO, hepatic venous pressure gradient and portal 
venous blood flow decrease. V2 receptor stimula-
tion by Terlipressin increases water resorption by 
collecting ducts and can result in hyponatraemia 
in some patients [8–10].

Peri-operative use of Terlipressin during 
liver transplantation has been shown to improve 
the SVR and BP with reduced need for cate-
cholamine support and with less renal dysfunc-
tion in LDLT in numerous studies. Normalizing 
low SVR in cirrhotic patients with portal hyper-
tension helps to return the hepatosplanchnic 
blood to the central compartment and improves 
perfusion into major organs. The peak portal 
blood flow is reduced with terlipressin without 
hepatic artery vasoconstriction or signs of 
splanchnic hypoperfusion. Reducing portal 
vein pressure is postulated to decrease the 
amount of bleeding and transfusion require-
ments. Hepatic artery buffer response (HABR) 
is preserved during the use of terlipressin to 
maintain total hepatic blood flow (when portal 
vein blood flow reduces, hepatic artery blood 
flow increases) [8]. Given as an infusion in the 
dose of 1–4 mcg/kg/h.

20.5  Nonadrenergic Agents

A number of agents produce vasoconstriction or 
inotropy through nonadrenergic mechanisms, 
including phosphodiesterase inhibitors and nitric 
oxide synthase inhibitors, calcium sensitizers or 
angiotensin II. Their uses are extensively studied 
in septic shock, but data in cirrhotic patients is 
very limited.

PDE Inhibitors Phosphodiesterase (PDE) 
inhibitors, such as inamrinone (formerly known 
as amrinone) and milrinone, are nonadrenergic 
drugs with inotropic and vasodilatory actions. 
They have a lower risk of dysrhythmias than 
Dobutamine. PDE inhibitors most often are used 
to treat patients with impaired cardiac function 
and medically refractory heart failure, but their 
vasodilatory properties limit their use in hypoten-
sive patients.

NOS Inhibitors Nitric oxide overproduction 
appears to play a major role in vasodilation 
induced by sepsis. Only sepsis is not good enough 
for liver patients.

Studies of nitric oxide synthase (NOS) 
inhibitors such as N-monomethyl-l-arginine 
(L-NMMA) in sepsis demonstrate a dose-depen-
dent increase in systemic vascular resistance 
(SVR). However, cardiac index (CI) and heart 
rate (HR) decrease, even when patients are 
treated concomitantly with norepinephrine or 
epinephrine. The increase in SVR tends to be off-
set by the drop in CI, such that mean arterial pres-
sure (MAP) is only minimally augmented. The 
clinical utility of this class of drugs remains 
unproven.

Calcium sensitizers—Several agents increase 
myocardial contractility (e.g. pimobendan, levo-
simendan) but conclusive evidence of improved 
outcomes with their use is lacking.

Angiotensin II—Preliminary trials have 
reported an adequate vasopressor effect when 
synthetic angiotensin II is exogenously adminis-
tered for vasodilatory shock (e.g. septic shock).
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Methylene Blue Dye (MB) Though not a con-
ventional vasopressor drug, it has been used as a 
vasopressor in sepsis and acute liver failure where 
conventional vasopressors do not produce the 
desired response [11]. The IRS observed during 
liver transplant surgery may manifest a state of 
vasoplegia where occasionally the conventional 
treatment (e.g. Norepinephrine, epinephrine and 
vasopressin) is not sufficient to restore adequate 
SVR and BP.  Like in sepsis, these changes are 
associated with excess nitric oxide (NO). MB has 
properties to stop NO production by inhibition of 
guanylate cyclase. MB also acts as an antioxi-
dant; pro-oxidant inhibiting the synthesis of pros-
tacyclin and accelerates reductive processes in 
the cell. Dose of MB is 2  mg/kg loading dose 
over 30 min followed by an infusion of 0.5 mg/
kg/h over 6 h.

20.6  Complications 
of Vasopressor Use

Vasopressors and inotropic agents have the 
potential to cause a number of significant compli-
cations, including hypoperfusion, dysrhythmias, 
myocardial ischaemia, local effect and hypergly-
caemia. In addition, a number of drug interac-
tions exist [3–6].

Hypoperfusion—Excessive vasoconstriction 
in response to hypotension and vasopressors can 
produce inadequate perfusion of the extremities, 
mesenteric organs or kidneys. Excessive vaso-
constriction with inadequate perfusion, usually 
with a systemic vascular resistance (SVR) >1300 
dynes × s/cm5, commonly occurs in the setting of 
inadequate cardiac output or inadequate volume 
resuscitation.

The initial findings are dusky skin changes at 
the tips of the fingers and/or toes, which may 
progress to frank necrosis with autoamputation 
of the digits. Compromise of the renal vascular 
bed may produce renal insufficiency and oliguria, 
while patients with underlying peripheral artery 
disease may develop acute limb ischaemia.

Inadequate mesenteric perfusion increases the 
risk of gastritis, shock liver, intestinal ischaemia, 

or translocation of gut flora with resultant bacter-
aemia. Despite these concerns, maintenance of 
MAP with vasopressors appears more effective in 
maintaining renal and mesenteric blood flow than 
allowing the MAP to drop, and maintenance of 
MAP with vasopressors may be lifesaving despite 
evidence of localized hypoperfusion.

Dysrhythmias—Many vasopressors and ino-
tropes exert powerful chronotropic effects via 
stimulation of beta-1 adrenergic receptors. This 
increases the risk of sinus tachycardia (most 
common), atrial fibrillation (potentially with 
increased atrioventricular nodal [A-V] conduc-
tion and therefore an increased ventricular 
response), re-entrant atrioventricular node tachy-
cardia or ventricular tachyarrhythmias.

Adequate volume loading may minimize the 
frequency or severity of dysrhythmias. Despite 
this, dysrhythmias often limit the dose and neces-
sitate switching to another agent with less promi-
nent beta-1 effects.

Myocardial ischaemia—The chronotropic 
and inotropic effects of beta-adrenergic receptor 
stimulation can increase myocardial oxygen con-
sumption. While there is usually coronary vaso-
dilation in response to vasopressors, perfusion 
may still be inadequate to accommodate the 
increased myocardial oxygen demand. Daily 
electrocardiograms on patients treated with vaso-
pressors or inotropes may screen for occult isch-
aemia, and excessive tachycardia should be 
avoided because of impaired diastolic filling of 
the coronary arteries.

Local effects—Peripheral extravasation of 
vasopressors into the surrounding connective tis-
sue can lead to excessive local vasoconstriction 
with subsequent skin necrosis. To avoid this 
complication, vasopressors should be adminis-
tered via a central vein whenever possible. If 
infiltration occurs, local treatment with phentol-
amine (5–10  mg in 10  mL of normal saline) 
injected subcutaneously can minimize local 
vasoconstriction.

Hyperglycaemia—Hyperglycaemia may 
occur due to the inhibition of insulin secretion. 
The magnitude of hyperglycaemia generally is 
minor and is more pronounced with norepi-
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nephrine and epinephrine than dopamine. 
Monitoring of blood glucose while on vaso-
pressors can prevent complications of untreated 
hyperglycaemia.

20.7  Conclusion

LT surgery poses a challenge to anaesthetists. 
The ongoing fluid losses, coagulopathy and hae-
modynamic instability need to be meticulously 
balanced with the use of advanced haemody-
namic monitoring. Optimum fluid replacement 
and judicious use of vasopressors optimize the 
cardiac output and adequate tissue oxygen deliv-
ery to improve surgical outcomes.
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21Minimizing Blood Loss in Recipient 
Surgery

Ravi Raya

21.1  Introduction

Interventions to reduce blood loss during 
Orthotopic Liver Transplant (OLT) have been sur-
gical, anaesthesia-related and pharmacological. 
Intraoperative blood loss is a predictor of periop-
erative outcome following liver resection and trans-
plantation and may have an effect on short-term 
and long-term survival. The liver plays a central 
role in the haemostatic system as it synthesizes the 
majority of coagulation factors and proteins 
involved in fibrinolysis. Although anticoagulant 
factors are decreased as well, blood loss during 
orthotopic liver transplantation can still be exces-
sive in view of interplay between multiple factors. 
In patients with cirrhosis, the synthesis of coagula-
tion factors can fall short, reflected by a prolonged 
prothrombin time. Patients undergoing orthotopic 
liver transplantation are at high risk of bleeding 
complications. Several authors have shown that 
thromboelastography (TEG)-based coagulation 
management and the administration of fibrinogen 
concentrate reduce the need for blood transfusion. 
The reduction in blood loss has also led to the suc-
cessful transplantation of livers in Jehovah’s wit-
nesses. Timely prevention and identification of 
“triangle of death” (hypothermia, acidosis and 
coagulopathy) play an important role in reducing 

blood loss. It is well known that blood transfusions 
are associated with an increased risk of postopera-
tive complications, such as infections, pulmonary 
complications, protracted recovery and a higher 
rate of reoperations. Blood loss during orthotopic 
liver transplantation is currently managed by trans-
fusion of red blood cell concentrates, platelet con-
centrates, fresh frozen plasma and fibrinogen 
concentrate. Increasing experience and improve-
ments in surgical technique, anaesthesia care and 
better graft preservation methods have contributed 
to a steady decrease in blood transfusion require-
ments in most liver transplant programmes.

21.2  Why to Minimize 
Transfusion?

Intraoperative transfusion of at least 6  units of 
RBCs decreases survival rates during medium- 
and long-term follow-up after Liver Transplant 
(LT). RBCs transfusion has been independently 
correlated with the rate of postoperative infec-
tions in the unit-dependent manner [1]. The num-
ber of transfused RBCs units during LT is also a 
predictor of early surgical re-intervention, which 
in turn increases postoperative mortality three-
fold. Platelet transfusion is associated with 
increased postoperative mortality due to a higher 
prevalence of acute lung injury (ALI). FFP used 
for volume replacement or pre-emptive non- 
specific correction of coagulopathy in the dissec-
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tion phase of LT may exacerbate splanchnic 
hyperaemia and portal hypertension. A 
transfusion- free perioperative period was associ-
ated with improved early outcomes, fewer infec-
tions, reduced dialysis requirement, shorter 
hospital LOS and a reduction in mortality com-
pared with a transfused group with similar recipi-
ent, graft and donor quality variables.

21.3  Coagulation Derangements 
(Preoperative 
and Intraoperative)

The new paradigm relies entirely on the concept 
of a rebalanced coagulation state, where all of the 
components of the system are significantly 

altered (both pro- and anticoagulant portions) but 
maintained in a precarious equilibrium 
(Fig.  21.1). External disruption of this balance, 
whether a consequence of disease progression or 
from intervention, can thrust the balance into 
bleeding or thrombosis. Liver transplantation 
represents one of the greatest physiological 
insults to this balance (Table 21.1).

Disruptions in pro- and anticoagulant factors 
and portal hypertension increase the risk of 
haemorrhage. Changes in platelet and endothelial 
function in liver failure also may delay clot for-
mation. Additionally, patients with liver failure 
can experience hyperfibrinolysis, dysfibrinogen-
emia and renal failure, which may further 
increase the risk of prolonged bleeding.

Procoagulant Anticoagulant

Increased factor VIII

Decreased fibrinogen,
factors II, V, VII, IX, X, XI

Increased tissue
plasminogen activator

Uremia

Decreased platelet
production

Decreased antithrombin
and protein C

Increased von
Willebrand factor

Fig. 21.1 Rebalanced 
coagulation in liver 
disease
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Table 21.1 Changes in haemostatic system of patients 
with chronic liver disease

Anticoagulant Procoagulant
Thrombocytopenia Elevated levels of von 

Willebrand factors (vWf)
Platelet dysfunction Decreased levels of 

ADAMTS-13
Enhanced production 
of nitric oxide and 
prostacyclin

Increased factor VIII level

Factors II, V, VII, IX, 
X & XI deficiency

Decreased levels of protein 
C, protein S, antithrombin, 
α2-macroglobulin and 
heparin cofactor II

Lack of vitamin K Low levels of plasminogen
Low fibrinogen
Low levels of 
α2-antiplasmin, factor 
XIII and TAFI
Elevated t-PA levels

21.4  Risk Factors (Recipient, 
Surgery and Graft-Related 
Risk Factors)

Patient-related factors are pre-operative high 
MELD score, severe coagulopathy (platelet count 
<50,000 and low fibrinogen) and low haematocrit 
and renal dysfunction. The recipients present dif-
fering degrees of preoperative haemostasis 
 disorders and may also present intraoperative 
coagulopathy. Changes in the production and 
clearance of coagulation proteins in the course of 
LT may lead to severely disturbed haemostasis, 
further aggravated by ischaemia of the hepatic 
graft and the splanchnic network [2]. 
Hyperfibrinolysis has been described as a major 
cause of non-surgical bleeding during LT.  The 
results for many potential predictive variables 
(age, starting haemoglobin value, international 
normalized ratio [INR], platelets count, creati-
nine, albumin and second OLT) for intraoperative 
bleeding are conflicting. It has been shown that 
central venous pressure (CVP) and the splanch-
nic venous pressure are key factors in the haemo-
static balance during liver surgery [3, 4], a fact 
that is supported by the finding that maintaining a 
low CVP intraoperatively significantly reduces 

blood loss and the need for transfusion during 
liver transplantation and liver resection [3–5]. 
The donor’s older age is associated with a higher 
risk of massive transfusion.

Other technical factors, such as the decreased 
size of the donor liver, portal vein hypoplasia and 
an inadequate graft-recipient body weight ratio, 
were associated with transfusion requirements in 
several studies. Prolonged cold ischaemia time 
and poor graft function due to decreased produc-
tion of coagulation factors also significantly 
increase the risk of massive transfusion [6].

21.5  Prevention of Excessive 
Bleeding

Identifying and planning the management of 
patients at high risk of bleeding is the key to min-
imize blood loss and can be implemented as early 
as the preoperative assessment visit. Interestingly, 
several patient and operative characteristics were 
associated with an increased risk of receiving a 
transfusion of blood products. Specifically, older 
patients and individuals with more comorbidities 
were at markedly higher risk of receiving a trans-
fusion. Patients are categorized into good risk 
and bad risk in terms of need for blood and blood 
product reserves [7]. Patients with severe liver 
failure have significant derangement of their clot-
ting function due to impaired production of pro-
coagulant and anticoagulant factors. Traditional 
coagulation studies are limited by the short time 
needed for the result and provide little informa-
tion about the dynamics and strength of clot for-
mation. According to a recent study, a parameter 
derived from ROTEM, the time required for the 
maximum clotting velocity, can identify cirrhotic 
patients at high risk of bleeding. VETs can be an 
aid in LT by limiting the transfusion of labile 
blood products, probably at the cost of an increase 
in the transfusion of fibrinogen. VETs lack sensi-
tivity for the diagnosis of hyperfibrinolysis. It is 
wise not waiting for the appearance of typical 
hyperfibrinolysis plots to use antifibrinolytics if 
other clinical features are present such as diffuse 
or massive bleeding. Inhibition of clot lysis in 
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VET is another approach to promoting haemosta-
sis. Amongst specific actions to minimize periop-
erative blood loss and transfusion requirements 
during LT, we can distinguish nonpharmacologi-
cal and pharmacological interventions.

21.5.1  Nonpharmacological 
Interventions

Fluid management is considered a key player in 
haemostatic management. Avoiding excessive 
fluid transfusions and maintaining low CVP dur-
ing dissection phase is a well-established mea-
sure to minimize intraoperative blood loss. Fluid 
restriction not only helps one to maintain low 
CVP but also prevents dilutional coagulopathy 
associated with excessive transfusion of crystal-
loids and colloids. Relative hypovolaemia due to 
low CVP might also increase the risk of signifi-
cant tissue hypoperfusion, air embolism, as well 
as acute renal failure. Standard coagulation tests 
do not reflect the functional haemostatic status. 
Therefore, the use of modern viscoelastic tests 
such as thromboelastography (TEG) or rotational 
thromboelastometry (ROTEM) allows us to 
assess humoral and cellular components of the 
haemostatic system (both coagulation and fibri-
nolysis), helping to identify the cause of intraop-
erative bleeding, targeting specific problems and 
evaluating management. Recent guidelines of the 
European Society of Anaesthesiology recom-
mend to use perioperative global coagulation 
tests (TEG/ROTEM) for targeted management of 
coagulopathy in patients undergoing LT [8].

Another important surgical measure to reduce 
perioperative blood product transfusions is use of 
intraoperative cell salvage (CS). Nowadays, a 
“stand by” set-up rather than routine application 
of CS is recommended. It must be emphasized 
that as salvaged washed erythrocytes do not con-
tain clotting factors or platelets, haemostatic 
replacement therapy must be managed accord-
ingly. To minimize the risk of bacterial contami-
nation it is recommended to start collecting blood 
after the removal of ascitic fluid and cease it once 
biliary anastomosis begins.

21.5.2  Pharmacological 
Interventions

21.5.2.1  Antifibrinolytics
Derivatives of the amino acid lysine, 
6- aminohexanoic acid (aminocaproic acid) and 
4-(aminomethyl) cyclohexanecarboxylic acid 
(tranexamic acid), are grouped in the class of 
medications named antifibrinolytics. Fibrinolysis 
is an important process developing during anhe-
patic phase and progressing massively after reper-
fusion due to the alterations in haemostatic system 
(t-PA) [8] (Fig. 21.2). Hyperfibrinolysis or dysfi-
brinogenemia should be suspected in the presence 
of mucosal (gum) bleeding or late bleeding (such 
as hours post line placement), suggesting that clot 
has formed and prematurely dissolved. According 
to the current guidelines, consider administration 
of antifibrinolytic drugs when fibrinolysis is 
either confirmed in viscoelastic tests (TEG/
ROTEM) or is clinically evident from microvas-
cular oozing, but not as a routine practice [9].

21.5.2.2  Prothrombin Complex 
Concentrate (PCC)

Prothrombin complex concentrate (PCC) com-
prises either 3 or 4 vitamin K-dependent procoag-
ulant factors (II, ± VII, IX, X) and the anticoagulants 
protein C and S, extracted from pooled plasma. 
PCCs can improve haemostasis where loss or dilu-
tion of prothrombotic factors is contributing to 
bleeding. In LT a dose of 25 iu/kg is advocated if 
there is severe bleeding associated with prolonged 
clotting time on VETs (TEG R time or EXTEM 
Clotting time > 80 s) after excluding a HLE. PCC 
may be the ideal therapy to restore thrombin gen-
eration in dilutional coagulopathy.

21.5.2.3  Fibrinogen Concentrate
Fibrinogen concentrate substitution was also 
found to restore MCF after in vitro haemodilu-
tion in blood from LT recipients, its potential role 
in the treatment of dilutional coagulopathy. 
Cryoprecipitate is still used as the most abundant 
source of fibrinogen. It is recommended that as 
fibrinogen concentrates contain standard doses of 
fibrinogen, carry lower risk of pathogen and 
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immune-mediated complications and should be 
the preferred source of fibrinogen, in comparison 
to cryoprecipitate, for the treatment of the quanti-
tative functional deficits of fibrinogen in bleeding 
patients, unless the former is unavailable. The 
fibrinogen dose can be calculated as follows: 
Fibrinogen concentrate dose (g)  =  [target 
FIBTEM MCF (mm)  −  actual FIBTEM MCF 
(mm)]  ×  [body weight (kg)/70]  ×  0.5  g/mm. 
Dosing range is 25 mg/kg to 50 mg/kg.

21.6  Others

Piggyback hepatectomy (PGB) is a surgical tech-
nique increasingly utilized in both DDLT and 
LDLT (Caval preservation technique).

21.6.1  Strategies

 1. Maintain adequate blood viscosity (Hb).
 2. Maintenance of haemostatic conditions for 

clotting.
 3. During the intraoperative period, local hae-

mostasis is the most important factor in the 
control of bleeding; in this context, surgical 

technique and meticulous haemostasis are 
fundamental measures.

 4. MAP range between 60 mmHg and 65 mmHg 
during dissection phase.

 5. Maintenance of a low central venous pres-
sure (CVP) and even reduction of CVP by 
phlebotomy is a beneficial strategy in mini-
mizing blood loss during liver resection or 
liver transplantation [5].

 6. Use of viscoelastic coagulation tests per-
formed bedside (point-of-care [POC]), 
including rotational thromboelastometry 
(ROTEM) and thromboelastography 
(TEG).

 7. Use of transfusion algorithms based on VETs 
can reduce perioperative bleeding and the 
rate of transfusion of allogeneic blood prod-
ucts [10–12].

 8. VETs can be an aid by limiting the transfu-
sion of labile blood products, probably at the 
cost of an increase in the transfusion of 
fibrinogen. (VETs may lack sensitivity for 
the diagnosis of hyperfibrinolysis.)

 9. Predictive models to identify higher risk 
patients for bleeding and transfusions should 
be developed.
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 10. Measuring portal pressure intraoperatively 
and correlation with CVP.

 11. Define the nature of the coagulopathy in a 
given patient who has liver disease at given 
time.

 12. Recombinant factor VIIa (rFVIIa) procoagu-
lant drug can facilitate clot formation through 
amplifying the thrombin burst and accentua-
tion of platelet function.

 13. Prothrombin complex concentrate (fre-
quently) and fibrinogen concentrate use is on 
the rise.

All the strategies that we may use to reduce or 
avoid transfusions will have important benefits 
not only in decreasing transfusion-associated 
risks [13, 14] but in preserving blood stores and 
reducing costs as well. Recourse to transfusion 
may vary depending on the device used, confirm-
ing that transfusion thresholds are not well 
defined. Measures to reduce the filling status of 
the patient and to lower the CVP through volume 
contraction and no routine correction of labora-
tory coagulation test with large-volume blood 
products are effective and safe.
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Key Points
• LT is associated with massive blood 

loss.
• Bleeding in LT is related to aetiology 

and severity of liver disease.
• Pre-operative optimisation can reduce 

transfusion requirement.
• Restrictive transfusion protocols are 

preferred.
• Viscoelastic test helps reduce transfu-

sion requirement.
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22Veno-Venous Bypass in Liver 
Transplantation

Komal Ray

22.1  Introduction and Historical 
Background

Liver transplant is an accepted standard of care 
worldwide for acute liver failure and chronic 
liver disease. The initial surgical technique also 
known as conventional technique for orthotopic 
liver transplantation (OLT) involved resection 
and removal of recipient’s retrohepatic inferior 
vena cava (IVC) along with liver, requiring cross 
clamping of IVC and portal vein. The physiologi-
cal effects of caval cross clamping for prolonged 
periods can be deleterious for perfusion of many 
organ systems in the body (Table  22.1). 
Conventional technique as a result was associ-
ated with cardiovascular instability, reduced per-
fusion to intestines, kidneys, and excessive 
bleeding from venous collaterals leading to poor 
outcomes [1–3]. To mitigate the effect of venous 
clamping the concept of venous bypass was pro-
posed. It was first described and used in animal 
experiments as early as 1960 by Moore [4].

The first human trial of veno-venous bypass 
(VVBP) was performed by Starlz during OLT 
using a passive shunt to bypass venous blood 
from IVC to superior vena cava (SVC) through 
internal jugular vein (IJV); however, it was asso-
ciated with pulmonary embolism and high mor-
tality [5]. Later in 1979 Calne et al. used partial 

cardiopulmonary bypass system which collected 
blood from IVC and femoral vein, passing 
through oxygenator and returning to femoral 
artery. Although it achieved the desired haemo-
dynamic stability, but lead to excessive bleeding 
due to the use of anti-coagulation, hence limiting 
its usefulness [6]. Further revision of cardiac sup-
port system without heparin using a constrained 
vortex pump by Dixon and colleagues [7]. With 
this background, Griffith and team designed a 
closed veno-venous bypass system with heparin 
bonded tubings and centrifugal blood pump in 
1983 and later successfully used in 1984 during 
OLT without systemic anti-coagulation [8, 9].

Studies from 1984 to 1985 showed that the use 
of VVBP offered advantages of haemodynamic 
stability, lesser requirement for blood transfu-
sion, better perfusion of kidneys, intestine and 
allowed for longer anhepatic phase with better 
short term patient survival (91% in VVBP group 
vs. 73% in non-VVBP group) [9, 10].

K. Ray (*) 
St James’s University Hospital, Leeds, UK

Table 22.1 Physiological effects of IVC cross clamping

Cardiovascular: ↓ venous return, ↓ cardiac output, 
↑heart rate, ↓ cardiac index

Renal: ↓ perfusion pressure, renal outflow obstruction 
→renal venous congestion

Splanchnic circulation: ↑venous congestion/ ↓ portal 
venous flow → ileus, bowel oedema, bacterial 
translocation

Central nervous system: ↓ cerebral perfusion pressure

Respiratory: ↑ pulmonary vascular resistance, ↓ mixed 
venous oxygen saturation
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22.2  Indications for VVBP 
(Table 22.2)

22.2.1  Cardiovascular Instability

Preserving haemodynamic stability remained one 
of the most important indications for VVBP in the 
initial years (1986–1992) after its introduction. 
Some authors suggested the use of VVBP if there 
was >30% reduction in mean arterial pressure or 
>50% decrease in cardiac index during trial clamp 
period of 5 mins [11]. However, other studies dur-
ing 1987–2001 failed to concur with these results 
and showed no increase in morbidity and mortal-
ity with or without use of VVBP [12, 13].

It was further proposed that degree of haemo-
dynamic instability is likely to be influenced by 
intravascular filling status, presence of underly-
ing cardiac condition and collaterals [14].

Also venous cross clamping in patients with 
normal cardiac reserve would generate compen-
satory response to maintain cardiac output by 
means of increase in heart rate and systemic vas-
cular resistance [1].

Use of fluids or blood to maintain preload in 
anhepatic phase can be associated with fluid 
overload and pulmonary oedema specially in 
patients with low cardiac reserve like ischaemic 
heart disease, pulmonary hypertension, cardio-
myopathy where use of VVBP has been advo-
cated previously in some studies [15–17]. 
However, further studies emerged showing fall in 
cardiac output, increase in systemic vascular 
resistance, and minimal change in cardiac filling 
pressure even with VVBP use [18, 19].

At this point alternatives to the use of VVBP 
for maintaining haemodynamic stability were 
emerging like cautious filling and titrated use of 
inotropes to reduce risk of volume overload in 
high risk patients [20, 21] and use of rapid infu-
sion device [17]. As of now there are no studies 
which support use of VVBP for the purposes of 
haemodynamic stability even in high risk 
patients.

22.2.2  Renal Impairment

Renal impairment is common after liver trans-
plant with multifold aetiology: pre-existing 
renal impairment, intraoperative haemody-
namic instability, and use of blood products, 
post- reperfusion syndrome, immunosuppres-
sants. Whilst advantages of VVBP to offer hae-
modynamic stability and reduce venous 
congestion is likely to be beneficial for renal 
perfusion and therefore renal function. Study 
from Pittsburgh 1984 showed lower serum cre-
atinine levels and reduced the rate of haemodi-
alysis post-transplant in patients where VVBP 
was used [10].

But later in 1996 Grand et  al. prospectively 
randomized and compared patients with or with-
out VVBP, they demonstrated that patients with 
VVBP showed lower degree of renal impairment 
during anhepatic phase only with no differences 
during the rest of the perioperative period and 
also in terms of postoperative requirement for 
haemodialysis [18].

In patients with preoperative renal impairment 
there is variable opinion, some authors recom-
mend the use of VVBP [18, 22] whilst other are 
not supportive as no changes found in peri and 
postoperative renal function when VVBP not 
used [23, 24].

Retrospective analysis by Cabezuelo and team 
showed that VVBP, postreperfusion syndrome, 
20 units cryoprecipitate transfusion are indepen-
dent risk factor for postoperative renal failure 
[25]. Also with advent of caval sparing  techniques 
like piggyback the incidence of acute kidney 
injury after transplant has reduced [25].

Table 22.2 Indications for VVBP

Cardiovascular instability
    Failed trial clamp
     High risk group (ischaemic heart disease, 

pulmonary hypertension, cardiomyopathy)
Renal impairment
Acute liver failure
Extensive bleeding during hepatectomy
Severe portal hypertension
Surgically challenging: Complex anatomy, polycystic 
liver, redo-transplantation
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22.2.3  Acute Liver Failure (ALF)

It is estimated that incidence of cerebral oedema 
is as high as 75% in patients with fulminant 
hepatic failure and is associated with high mor-
tality [26, 27]. Normally cerebral blood flow is 
maintained independent of mean arterial pressure 
and PaCO2. However, this autoregulation is 
impaired in ALF.  It was believed that patients 
undergoing OLT are at risk of cerebral complica-
tions during anhepatic phase with caval cross 
clamping without VVBP related to significant 
haemodynamic instability [9, 10].

In addition administration large volumes of 
fluids to address haemodynamic instability 
phases can precipitate cerebral oedema. This 
phenomenon can be exacerbated during reperfu-
sion by release of anaerobic metabolites leading 
to cerebral vasodilatation [27]. Some authors 
have suggested judicious use of perioperative 
monitoring and inotropes to help maintain cere-
bral blood flow and intracranial pressure in ALF 
patients with Grade 3/4 encephalopathy undergo-
ing OLT without VVBP [28, 29].

22.2.4  Severe Portal Hypertension

The logic of using VVBP in portal hypertension is 
to reduce portal venous pressure and mesenteric 
venous congestion. Most patients with cirrhosis 
undergoing OLT generally have well established 
portal venous collaterals, therefore impact of por-
tal vein clamping on haemodynamic stability 
should be minimal [14], however, this cannot be 
generalized [30]. Some authors recommend the 
use of VVBP in severe portal hypertension to 
reduce bleeding from large varices in retrohepatic 
areas which may lead to prolonged and compli-
cated hepatectomy without VVBP [27].

22.2.5  Massive Bleeding During 
Hepatectomy and Other 
Indications

Over the year advancements in surgical and 
anaesthetic techniques, careful use coagulation 
monitoring, antifibrinolytic drugs have tapered 

transfusion requirements. However, there are 
many confounding factors which can contribute 
and worsen bleeding during OLT these are portal 
hypertension, intrinsic coagulopathy due to liver 
disease, previous surgery, redo-liver transplanta-
tion, and polycystic liver disease. VVBP during 
its introductory years showed a spectacular drop 
in transfusion requirements, 33 units vs. 18.9 in 
VVBP group, which was related to venous 
decompression [9]. However, as surgical and 
haemostatic techniques improved, further studies 
showed no difference in transfusion requirements 
in VVBP or no VVBP groups [23, 31].

Some studies have shown that VVBP can be 
associated with increase transfusion requirement 
related to platelet adhesion, haemolysis, and 
fibrinolysis caused by bypass tubing [32–34].

22.3  Contraindications

The only absolute contraindication of using 
VVBP is acute Budd-Chiari syndrome as often 
linked with poor flow rate and high incidence of 
thromboembolic phenomenon [9].

22.4  Insertion and Management 
of VVBP

When VVBP was first introduced the vascular 
access was obtained by insertion of outflow can-
nula into PV, femoral vein (FV), and inflow can-
nula into axillary vein by means of surgical 
cutdown. This was associated with higher inci-
dence of complications (details next section). 
This was later replaced by percutaneous tech-
nique, first described by Oken et al. in 1994 [35].

Percutaneous approach has been described as 
simple, safe, and rapid with added advantages of 
better flow rates [36, 37]. VVBP cannula are 
available in sizes: 18–21 French. The inflow can-
nula is inserted into internal jugular vein (IJV) 
and outflow cannula is inserted into FV after 
induction of anaesthesia. In our institute we use 
21Fr percutaneous bypass catheters (Femoral 
arterial cannula with introducing trocar set, 
Medtronic, MN, USA, Fig. 22.1). The catheter is 
17 cm in length with a radio opaque dilator which 
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Fig. 22.1 21 French 
Medtronic Femoral 
arterial catheter and 
introducing trocar set (a) 
Needle with guide wire 
(b) Stiff dilator (c) Soft 
polyurethane catheter 
(17 cm in length) and 
dilator (60 cm) (d) 
extension tubing for 
catheter with a luer lock 
aspiration port

From
Femoral Vein

To Superior
Veno Cava

From Portal
Vein

Fig. 22.2 VVBP system. Blood flows from outflow cannulas (portal vein, femoral vein) into centrifugal pump and then 
returned back into the body through inflow cannula (Internal Jugular vein (IJV))

is 60 cm in length. The catheter and dilator are 
made of polyurethane which makes it flexible 
and kink resistant. Cannulas are inserted under 
strict asepsis with ultrasound guidance using 
Seldinger technique. This is followed by careful 
incision around guidewire to allow dilatation 
before cannula is inserted. At this point it is 
important to avoid any force to advance dilator or 
cannula if met with resistance. The first set of 
dilator is stiff and can cause venous wall injury 
and advances should be limited to <2 cm, ensur-
ing that guidewire is freely mobile after each 
advance as this may be an indicator of problem. 
IJV and FV cannula are connected to an exten-
sion tubing approximately 15 cm long with luer 
lock port for aspiration and flushing as shown in 
Fig. 22.1. Lines are then flushed with plenty of 
saline and secured with sutures. The position of 

IJV cannula in superior vena cava can be verified 
with Trans oesophageal echocardiography (TOE) 
probe or by means of bubble test (immediate 
appearance of micro-bubbles in the right atrium 
after normal saline injection through the cannula) 
if good view not obtainable [38]. Portal vein (PV) 
cannula is inserted by surgeon. VVBP is com-
menced during dissection phase of surgery. 
VVBP circuit (Fig. 22.2) is established by con-
necting outflow cannulae (PV + FV) to heparin 
coated circuit primed with normal saline via cen-
trifugal pump to inflow cannula (IJV).

When VVBP is commenced, anaesthetists using 
TOE monitors can look for the following: bubble in 
right atrium for position check, stable chamber 
size, and wall motion to rule out any leak into peri-
cardium, mediastinum or thoracic cavity. Any con-
cerns for malpositioning should be addressed using 
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TOE, chest X-ray or a scan as deemed appropriate. 
Also it is important to start at low flow rate initially 
to allow clamping of VVB tubing adjacent to IJV 
cannula to prevent any air emboli reaching 
IJV.  Once column of blood established without 
issues then flow rate can be enhanced to desire rate 
to achieve an optimal flow of 40 mL/kg/min.

We use Bio-Medicus Perfusion system Fig. 22.3 
(Bio-Pump plus centrifugal blood pump and Bio-
Console 560, Medtronic, Minneapolis) which is 
run by dedicated operating department practitio-
ner/perfusionist. The importance here is to ensure 

adequate competency and training schedule for the 
VVBP practitioners, which is a growing concern as 
lesser numbers of OLT are performed using 
VVBP. Advanced nonocclusive design of centrifu-
gal pump promotes laminar flow decreasing blood 
cell trauma including reduced platelet and comple-
ment activation. Pump flow ranges from 1.5 to 6 L/
min and with an average duration on VVBP of 
100 mins (range: 70–158 min) and is generally ter-
minated post- reperfusion [39]. After discontinua-
tion of VVBP the blood column from the circuit is 
carefully allowed to return to circulation ensuring 
no air is entrained in the process. IJV and FV can-
nulae should be removed soon after as they carry 
risk of disconnection leading to exsanguination. 
The site of insertion would require sutures and 
manual compression to ensure haemostasis.

22.5  Complications of VVBP 
(Table 22.3)

22.5.1  Vascular Access Related

When VVBP was first introduced the standard 
practice was to insert inflow cannula by surgical 
cutdown of axillary vein and FV. This was associ-

Fig. 22.3 Medtronic: Bio-medicus perfusion system, 
Bio-pump, Centrifugal blood pump with Bio-console 560

Table 22.3 Complications of VVBP

Insertion related
   Percutaneous approach
    Haemothorax
    Haemomediastinum
    Thrombosis
    Air emboli
    Malposition
    Pneumothorax
   Open surgical approach
    Infection
    Lymphorrhoea
    Seroma
    Nerve damage
    Reduced flow rate
   VVBP circuit related
    Hypothermia
    Bleeding: Haemolysis, fibrinolysis
    Thromboembolism: Platelet adhesion
Post reperfusion syndrome (PRS): Higher incidence
Increased cost and duration of procedure
Staff training and competency
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ated with high incidence of wound infection, 
seromas, lymphocoele and nerve injury [40–42]. 
Additionally there were issues around reduced 
flow rates and prolongation of surgical time.

Percutaneous approach is overall considered 
safe but it can be associated with life threatening 
complications and mortality. Single centre study 
involving 312 patients described morbidity of 
1.28% related to intrathoracic haemorrhage 
requiring thoracotomy/sternotomy and mortality 
of 0.32% due to cardiovascular collapse [43]. 
Another study of 94 patients requiring veno- 
venous cannulation for extra corporal life support 
had 1 death related SVC perforation [44]. Hilmi 
and colleagues reviewed 326 patient where per-
cutaneous approach was used, showed a failure 
rate of 1.8% due to technical difficulties and 
2.2% of other complications including: air embo-
lism, low flow rate, hypotension, atrial fibrilla-
tion, delayed start to verify position [38]. There 
has been a case report of fatal haemothorax 
related to superior vena cava perforation follow-
ing insertion of IJV bypass cannula [45]. One 
catheter related death in a paediatric liver trans-
plant patient has also been reported [46].

There is only one trial comparing open vs. 
percutaneous technique. Although the study 
showed no statistically significant difference in 
the incidence of complications but primary/sec-
ondary outcomes were not available to compare 
between the two approaches. The trial was not 
suitably powered and had possibility of random 
errors related to small numbers hence difficult to 
establish that any one technique better than the 
other [47]. As of current available evidence there 
are no clear advantages in using open technique 
which not only adds to operating time and con-
tributes to bigger scar in addition to other risks 
described above.

22.5.2  Extracorporeal/Bypass Circuit 
Related

Extracorporeal or commonly known as bypass 
circuit has undergone many refinements since 

first introduced. Complications related to VVBP 
circuit include hypothermia, thrombosis, pulmo-
nary embolism, and haemolysis.

Hypothermia is a frequent issue during liver 
transplant as a result of many factors (anaesthesia 
induced peripheral vasodilatation, cold operating 
theatres, loss of heat from open abdomen, large 
incision, prolonged operating time, and anhepatic 
phase) this can have deleterious effect on coagu-
lation, cardiac function. Addition of extracorpo-
real circuit during liver transplantation can 
worsen hypothermia with heat loss of 0.75 °C/h, 
this can be avoided by addition of heat exchanger 
in the circuit [48].

A few authors have reported increased trans-
fusion requirements in the VVBP group which 
could be related to haemolysis, platelet adhesion, 
fibrinolysis [32–34]. But other studies have 
shown no differences in the blood products given 
between the two groups [49].

There have been reports of mortality related to 
pulmonary embolism with origin of thrombus in 
bypass circuit or translocated from IVC to right 
atrium during low flow rates of <1 L/min [50].

22.5.3  Post-Reperfusion Syndrome 
(PRS)

This was described in 1987 by Aggarwal et al. 
as phenomenon of cardiovascular collapse 
related to release of vasoactive substances 
from  reperfused liver with an incidence of 30% 
[51]. Later redefined by Estrin and colleagues 
as syndrome of bradycardia, hypotension 
(MAP<60 mmHg in adults or <50 mmHg in chil-
dren) following liver reperfusion with incidence 
of 3.7% in their study which was without 
VVBP. They suggested that lower incidence PRS 
in their study is related to higher volume of fluids 
administered without VVBP which led to better 
haemodynamic stability during PRS [2].

Studies have shown that extracorporeal cir-
culation leads to activation of inflammatory 
cytokines which leads to vasodilatation and 
hypotension [52].
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22.6  Caval Preserving Options

VVBP carries morbidity risk, although it may be 
useful in certain situation but is not essential for 
liver transplant. Over the years there have been 
research into caval preserving techniques.

One such technique is piggyback technique 
(PT) suggested by Tzakis in 1989 [53]. This is 
useful in maintaining venous return to the heart 
during anhepatic phase. PT offers advantages of 
haemodynamic stability, preserved renal func-
tion, shorter anhepatic phase, lesser bleeding. 
Since introduction of PT the use of VVBP has 
fallen across many transplant centres [54].

PT is commonly used in paediatric live 
related liver transplantation and in reduced size 
grafts. The reluctance to use PT in some centres 
without a passive shunt or VVBP is due to anxi-
ety around venous complications [55]. However 
studies have shown that outflow complications 
can be managed by surgical or radiological 
interventions [56, 57].

22.7  Selective Use of VVBP

Rapidly rising number of liver transplants across 
the world has been accompanied by advance-
ments in surgical and anaesthesia techniques 
resulting in excellent outcomes.

Survey by Chiari et al. showed decline in rou-
tine use of VVBP from 91% in 1987 to 42% in 
1998 [58]. This was related to increased report-
ing of VVBP associated complications and 
emerging caval sparing techniques with good 
outcomes. Whilst a survey in UK in 2003 revealed 
a variable practice centres, VVBP was used rou-
tinely in two centres, rarely used in two others 
and selectively used for 10–30% cases in 2 cen-
tres [27]. VVBP has been reappraised and advo-
cated when establishing a new liver transplant 
programme [59].

In a review conducted by Guruswamy [60] 
there was no difference in the perioperative mor-
tality, re-transplantation, renal function at 24 h 
or other side effects between the VVBP/
No-VVBP groups although graft survival was 

not reported in the trials. Blood transfusion 
requirements were similar in the two groups. 
There are no trials comparing routine/selective 
use of VVBP. Currently, there is no evidence to 
support the use of VVBP and as it can be associ-
ated with complications therefore routine use is 
not recommended.

22.8  Conclusion

There continues to be varied practice regarding 
VVBP use across liver transplant centres. The 
use of caval preserving techniques is rapidly 
expanding and the indications for VVBP dwin-
dling. In the current climate it would be difficult 
to design high quality multicentre trials looking 
at outcomes using different surgical techniques 
with or without VVBP. It is increasingly accepted 
that VVBP is not without risks and its use should 
be considered based on professional judgement, 
personal experience, and institutional practice.
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23Intraoperative Complications 
and Management

Sanjeev Aneja and Ashish Malik

Abbreviations

AKI Acute kidney injury
CI Cardiac index
CVP Central venous pressure
FFP Fresh frozen plasma
HR Heart rate
LT Liver transplant
MA Maximum amplitude
MAP Mean arterial pressure
MELD Model for end stage liver disease
OLT Orthotropic liver transplant
PAP Pulmonary artery pressure
SAM Systolic anterior motion
SVR Systemic vascular resistance
TEE Transesophageal echocardiography
TEG Thromboelastography
TXA Tranexamic acid
VET Viscoelastic tests

Intraoperative course in liver transplant is lengthy 
and complications or conditions aggravating 
already existing one are very common and can 
occur at any phase. Complications can be related 
to equipment, patient or surgery and anaesthesia. 
Successful management of these complications 
requires sound knowledge, recognition and 

prompt treatment. Significant blood loss requir-
ing massive blood transfusion is still one of the 
most dreaded intraoperative complications of 
liver transplantation despite advances in surgical 
techniques and risk stratification for bleeding. 
Widespread use of viscoelastic tests for coagula-
tion has resulted in better understanding of coag-
ulation mechanism in patients with end stage 
liver disease. TEG directed blood transfusion has 
decreased the incidence of massive blood trans-
fusion, but normal values of TEG are derived 
from healthy volunteers and may not represent 
ESLD patients. ESLD results in several altera-
tions which favour thrombosis which can be 
picked by viscoelastic methods better than con-
ventional tests of coagulation. Intracardiac 
thrombus (ICT) and pulmonary embolism (PE) 
are the two most dreaded intraoperative compli-
cations because of high mortality. ICT and PE 
have been diagnosed in all phase of transplanta-
tion and their mechanism is poorly understood. 
Intraoperative hypothermia because of long dura-
tion of surgery in low ambient temperature of 
operating room is also frequently encountered 
despite aggressive warming measures. 
Hypothermia has an adverse effect on patient and 
has been linked to poor outcome. Air embolism, 
disseminated intravascular coagulation, life 
threatening arrythmias and haemodynamic col-
lapse are other frequently encountered intraoper-
ative complications. Use of technology and 
equipment is increasing during intraoperative S. Aneja (*) · A. Malik 
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period. Many intraoperative complications may 
be related to equipment malfunctioning. Last but 
not the least, positioning of patient because of 
long duration of surgery and care of patient dur-
ing application of retractors is also important.

Common complications seen are:
 1. Massive Blood Transfusion.
 2. Pulmonary Embolism.
 3. Intracardiac Thrombus.
 4. Vasoplegia.
 5. Air Embolism.
 6. Severe Post Reperfusion Syndrome.
 7. Dynamic LVOTO.
 8. Pulmonary Hypertension.
 9. Arrhythmias.
 10. Miscellaneous.

23.1  Massive Blood Transfusion 
in Liver Transplant

There is a wide variation in the management of 
coagulation and blood transfusion practice in 
liver transplantation. The use of blood products 
intraoperatively is declining, and transfusion free 
transplantations are taking place more frequently 
in the current scenario. The mean number of red 
cells transfused to a liver recipient was 12 units in 
the late 1990s but is now as low as 0.5 units, with 
some centres reporting almost 80% of patients 
not requiring any blood transfusion [1, 2]. 
Nevertheless, transfusion remains an essential 
part of the toolbox for transplantation.

Blood transfusion is one of the factors influ-
encing graft and patient survival. Poor outcome 
of patients who received more blood transfusion 
might be attributed to more blood loss during 
transplantation, or adverse transfusion reaction, 
infectious contamination of blood products, or 
immune modulation of the transfused patient [1]. 
One-year survival rate is decreased in patients 
who received any amounts of FFP or more than 
four units of RBC [2].

Massive transfusion (MT) is defined in adults 
as

• Replacement of total blood volume within 
24 h

• Replacement of 50% of total blood volume 
within 3 h or

• Transfusion of more than 4 units of red blood 
cells (RBCs) within 4  h with active major 
bleeding or more than 150 mL/min of blood 
loss [3].

The MT in children is defined as red blood cell 
transfusion of 50% of total blood volume (TBV) 
in 3 h, 100% in 24 h, or >10% of TBV per minute 
[4, 5].

In the liver transplant scenario, transfusion of 
more than 6 units of blood in 24 h is considered 
massive blood transfusion and is associated with 
poor outcome [6].

23.1.1  Preoperative Risk Factors 
for Massive Blood Transfusion

Various preoperative predictors have been identi-
fied to predict massive blood transfusion during 
liver transplantation. McCluskey et  al. identified 
seven independent predictors of massive blood 
transfusion (age  >  40  years, Hb concentra-
tion < 100 g/L, INR > 2.0, platelet count <70,000/
cm and albumin <24 g/L; as well as repeat trans-
plantation) [7]. By using these predictors, a risk 
index was developed that assigned each patient a 
score between 0 and 8. As all these predictors are 
related to disease severity and coagulation status, 
they are found to be associated with excessive 
blood loss in various studies. INR > 1.6 has been 
associated with excessive blood loss [6]. Massicotte 
L. et al. did not find any link between MELD score 
and the transfusion rate whereas starting haemo-
globin was linked to rate of blood transfusion [8].

Preoperative low platelet count has been 
shown to be associated with excessive blood loss 
[9, 10]. Previous abdominal surgery, portal vein 
thrombosis and spontaneous bacterial peritonitis 
are also associated with increased blood loss.

A low baseline fibrinogen concentration can 
contribute to bleeding risk. Fibrinogen levels 
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below 1.5  g/dL were associated with increased 
risk for transfusion of >6 units of RBC in living 
donor related transplant patients [11]. The quan-
tity of fibrin degradation products has also been 
ascribed to an increased risk of transfusion. 
Patients with a low MA (<40 mm) on baseline are 
a high risk for bleeding [12]. A low MA and low 
baseline fibrinogen concentration increases the 
risk of fibrinolysis [13]. Recipient age and donor 
age is implicated in predicting transfusion [14].

23.1.2  Intraoperative Risk Factors 
for Massive Blood Transfusion

Increased technical difficulty of the operation, 
such as portal vein thrombosis, presence of col-
laterals increases the risk of bleeding. A hyper-
dynamic circulation and portal hypertension 
are significant contributors to the bleeding risk. 
Advancement in surgical techniques and expe-
rience have played crucial role in the reduction 
of blood loss. Use of veno-venous bypass has 
decreased over the years. Most of the surgeons 
are employing piggyback technique with pres-
ervation of recipient’s Inferior vena cava. These 
techniques have significant impact on blood 
loss during surgery. Veno-venous bypass is an 
independent predictor of increased blood loss. 
It has been postulated that the contact of blood 
with the circuit triggers haemolysis, fibrinoly-
sis and platelet activation, thus impairing hae-
mostasis [15].

Use of piggyback technique and preservation 
of inferior vena cava has shown to decrease blood 
loss during surgery. Preservation of inferior vena 
cava reduces the requirement of extensive retro-
peritoneal dissection which is the seat of many 
collaterals in patients with portal hypertension. 
Many studies have reported reduction in blood 
loss and transfusion requirement in patients 
undergoing OLT using piggyback technique [16, 
17]. However, a Cochrane data base review which 
included two randomized trials consisting of 106 
patients did not find any beneficial effect of pig-

gyback technique on blood transfusion require-
ment as compared to conventional technique 
[18]. Authors concluded that there is no evidence 
to recommend or refute the piggyback method of 
liver transplantation [18].

Haemodilution secondary to fluid replacement 
with crystalloid and colloid solutions and the 
preservation solution from the donor liver, fur-
ther reduce the plasma concentration of clotting 
factors.

Acidosis, hypothermia, hypocalcaemia and 
citrate toxicity can all contribute to the coagu-
lopathy intraoperatively. Acute coagulopathy of 
trauma (ACOTS) characterized by ooze-type 
bleeding from mucosal regions, serosal sur-
faces and vascular access sites distinct from 
simple massive bleeding has also been postu-
lated in liver transplantation because of patho-
physiological similliarties [19]. High levels of 
syndecan-1, a marker of endothelial degrada-
tion is associated with coagulopathy in trauma 
patients. Patients with end stage liver disease 
have also demonstrated increased level of syn-
decan-1, which further increases during reper-
fusion [20].

Acute renal failure (ARF) is common in 
patients with cirrhosis and uraemia is associated 
with bleeding, particularly due to platelet dys-
function due to decreased platelet aggregation 
and adhesion.

23.2  The Role of Graft Function

Quality of liver graft plays a significant role in 
the amount of bleeding in the reperfusion phase. 
Poor quality of graft causes sustained deteriora-
tion of coagulation status with reduction of coag-
ulation factors and increased fibrinolysis [21]. 
Predisposing factors for graft failure include mar-
ginal grafts, poor preservation and prolonged 
cold and warm ischaemic times. Extended donor 
criteria grafts are independent predictors of 
increased chance of reoperation in transplant 
recipients because of bleeding [22].
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23.3  Management of Massive 
Blood Loss

Blood loss during liver transplant surgery can 
occur in a slow and protracted manner or can be 
rapid and cause severe hemodynamic instability. 
Management of both conditions differ. Slow and 
protracted bleeding can be managed with judi-
cious use of fluid and vasopressors whereas rapid 
bleeding needs to be managed aggressively with 
blood products keeping lessons learnt from 
trauma management in mind.

23.3.1  Fluid Management

Susceptibility to increase bleeding during liver 
transplant surgery is related to portal hyperten-
sion. As portal hypertension develops portosys-
temic collaterals develop and splanchnic 
circulation is diverted to these collaterals. 
Increase blood flow in this circulation bed results 
in thinning of arterial walls and increased ten-
dency to bleed during surgery.

Portal hypertension is related to central venous 
pressure and volume status, thus keeping low 
central venous pressure (CVP) or restricted fluid 
regimen is likely to decrease blood loss by 
decreasing portal hypertension.

Liberal volume loading in the dissection phase 
of liver transplant has several detrimental conse-
quences. Acute volume loading in transplant 
recipient tends to pool in the splanchnic circula-
tion instead of central circulation. Therefore, this 
volume loading does not improve cardiac preload 
or output. On the other hand, it increases bleed-
ing in the dissection phase by increasing splanch-
nic blood volume [23]. Volume loading with 
crystalloid or colloid can cause dilution of clot-
ting factors and interruption of clot formation.

Methods to lower CVP include volume restric-
tion, phlebotomy, use of diuretics such as man-
nitol, low tidal volume ventilation and avoidance 
of high positive end expiratory pressure (PEEP) 
[24]. Massicotte et  al. reported good outcome 
and decreased transfusion requirement when 
CVP was reduced by 40% in protocolised man-
ner [25]. Schroeder et al. compared outcomes at 

two centres with contrasting protocols where 
CVP was maintained at either <5  mmHg or 
7–10 mmHg. They reported less blood loss and 
transfusion requirement at centre which routinely 
maintains low CVP [26]. Although a Cochrane 
review did not find this strategy to be effective in 
decreasing blood transfusion in patients undergo-
ing liver resection [27], but the strategy of 
restricted fluid and early use of appropriate vaso-
pressor is practiced universally to decrease the 
blood loss. This is very effective strategy when 
there is slow and protracted blood loss. Early use 
of low dose of vasopressin is also effective in 
decreasing blood loss by reducing splanchnic 
blood flow. There is risk of hypoperfusion of 
organ with low CVP in these physiological vul-
nerable patients. Potential benefit of low CVP 
must be weighed against chances of renal impair-
ment and dialysis requirement [26].

23.4  Maintenance of Homeostatic 
Conditions for Clotting

Maintenance of core body temperature >35 °C, 
pH > 7.2 and plasma calcium levels >1 mmol/L 
optimizes conditions for clot formation [28]. 
Hypothermia reduces fibrin and clotting factor 
synthesis and impairs platelet function. Acidosis 
reduces thrombin generation and increases clot 
lysis. Therefore, it is imperative to have patient 
and efficient patient and rapid fluid warming 
devices.

23.4.1  Vasopressors

Variety of vasopressors aimed at decreasing por-
tal blood flow by targeting selective vasoconstric-
tion of splanchnic circulation have been 
employed. Early use of vasopressors like phenyl-
ephrine, vasopressin and octreotide has been rec-
ommended in case of slow protracted bleeding. 
Use of low dose vasopressin (0.04 U/min) infu-
sion during the dissection phase was associated 
with reduce blood loss compared with control 
group in a retrospective nonrandomized study 
[24]. Phenylephrine has been found to be useful 
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for restoring blood pressure following phlebot-
omy. It has also been found more effective than 
dopamine and dobutamine for decreasing the 
blood loss and maintaining cardiovascular stabil-
ity [29].

23.5  Coagulation Tests 
for Monitoring and Guiding 
Coagulation Management

Conventional laboratory assays offer limited and 
potentially misleading information in the context 
of liver disease. They have long turnaround times 
for results. Viscoelastic tests provide point of 
care coagulation monitoring. Viscoelastic tests 
provide information on the cellular and humoral 
contribution to clot formation. They also guide 
about the blood component therapy. The 
European Society of Anaesthesiology (ESA) 
guidelines recommend VETs in the management 
of severe bleeding in liver transplant (grade 1C 
evidence) [30].

TEG and ROTEM are two most commonly 
used devices for point of care coagulation moni-
toring. Clot dynamics of both devices are compa-
rable, both use reagents to increase their 
diagnostic scope. Viscoelastic tests help in differ-
entiating if platelets or fibrinogen is required for 
clot firmness. Decision to transfuse should not be 
entirely dependent on viscoelastic tests as these 
tests have low positive predictivity and risk over 
treatment. Good communication with the sur-
geon and visual assessment of surgical field is 
important. It should be acknowledged that VETs 
do not incorporate the endothelial, vascular or 
flow related contribution to clot formation 
in vivo.

23.5.1  Pharmacological 
Interventions

23.5.1.1  Antifibrinolytic Drugs
Fibrinolysis is an important process developing 
during anhepatic phase and progressing mas-
sively after reperfusion due to the alterations in 
haemostatic system explained above. Quite often 

it ceases spontaneously within the first hour after 
reperfusion, but may persist longer, especially in 
patients with poorly functioning grafts, leading 
to global microvascular oozing.

It is recommended to consider administration 
of antifibrinolytic drugs when fibrinolysis is 
either confirmed in viscoelastic tests (TEG/
ROTEM) or is clinically evident from microvas-
cular oozing, but not as a routine practice [31].

Tranexamic acid and epsilon-aminocaproic 
acid (EACA) competitively inhibit the activation 
of plasminogen to plasmin, preventing plasmin 
from degrading fibrin. Tranexamic acid has supe-
rior efficacy as compared to EACA. Tranexamic 
acid is usually given in dose of 25 mg/kg in 1–2 
increments if there is continuous ooze with vis-
coelastic evidence of fibrinolysis. Aprotinin is 
available once again following a revoked suspen-
sion in 2012 by the European Medicines Agency. 
The response to antifibrinolytic agents should be 
monitored using TEG/ROTEM to guide further 
doses. There is variation in the literature regard-
ing the relative efficacy of aprotinin and 
tranexamic acid. In two Cochrane reviews apro-
tinin appeared to have superior efficacy but with 
an increased risk of death [28, 31].

23.5.1.2  Fibrinogen
Fibrinogen is the first factor to reach critical lev-
els when haemodilution or massive bleeding 
occurs. A concentration of <1.5–2 g/L increases 
haemorrhagic tendency, so this, or signs of func-
tional fibrinogen deficit on TEG or ROTEM 
should be triggers for use [32]. It has been shown 
to reduce transfusion of RBCs, FFP and platelets 
was reduced by over 50%.

Fibrinogen concentrate substitution restores 
MCF in dilutional coagulopathy. Fibrinogen con-
centrates contain standard doses of fibrinogen, as 
well as carry lower risk of pathogen and immune 
mediated complications. They should be the pre-
ferred source of fibrinogen, in comparison to 
cryoprecipitate, for the treatment of the quantita-
tive functional deficits of fibrinogen in bleeding 
patients, unless the former is unavailable. But in 
most of the centres cryoprecipitate is used as the 
most abundant source of fibrinogen. (50  mL 
fibrinogen concentration contains nearly 1  g 
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fibrinogen; there is 250 mg fibrinogen in 100 mL 
of 1 FFP unit and 225 mg fibrinogen in 15 mL 
cryoprecipitate).

23.5.1.3  Prothrombin Complex 
Concentrate

Prothrombin Complex Concentrates (PCC) are 
purified coagulation concentrates from pooled 
plasma, after removal of antithrombin and factor 
XI, with approximately 25 times higher concen-
trations of clotting factors. PCC is used “off- 
label” during LT as a rescue therapy in 
catastrophic bleeding, when coagulopathy is 
evident.

They allow the correction of coagulation using 
small volumes. PCCs undergo viral reduction or 
elimination. A randomized controlled trial (the 
PROTON trial) studying PCCs effect on RBC 
transfusion requirements in OLT is currently in 
progress [33].

23.5.1.4  Recombinant Activated 
Factor VII

Recombinant factor VIIa binds with tissue factor 
at the site of injury to activate factor X and gener-
ate a thrombin burst. ESA guidelines advocate 
the use of rF VIIa as a rescue therapy at a dose of 
40 μg/kg in the context of intractable bleeding 
following correction of coagulation factors, 
fibrinogen, platelets and calcium (grade 1A evi-
dence). With the routinely use of POC monitor-
ing there is declined in the use of rFVIIa.

Currently it is recommended against the pro-
phylactic use of rFVIIa during LT and only sug-
gests its potential role as a “rescue therapy” to 
control massive haemorrhage. There are concerns 
over thromboembolic risks following use of 
rFVIIa [34].

23.5.1.5  Factor XIII
Factor XIII (FXIII) contributes to clot stability by 
crosslinking the fibrin mesh and rendering fibrin 
chains insoluble. Levels can become depleted in 
the context of massive blood loss, reaching clini-
cal significance when<60%. Mild reduction in 
MA or MCF may be seen on VETs that persists 
despite antifibrinolytic therapy or reverses with 
the addition of FXIII to whole blood. FXIII (e.g., 
Fibrogammin) can be supplemented at a dose of 

15–30  mL/kg to help support clot durability. 
There is no data to show its use in LT.

23.5.2  Protamine and the Heparin 
Like Effect

A marked heparin like effect on the TEG at the 
time of reperfusion is common and is due to both 
exogenous heparins administered to the donor and 
the release of endogenous heparinoids from the 
vascular endothelium plus activated macrophages 
due to ischemia/reperfusion injury. It does not 
appear to contribute significantly to bleeding risk 
and is usually a temporary phenomenon unless 
graft function is poor. It is recommended to run a 
heparinase modified TEG in parallel with the 
native TEG during OLT.  An empirical dose of 
25–50 mg of protamine is often administered if 
the decision to treat this is made. At high doses 
protamine can exert a paradoxical anticoagulant 
effect by inhibiting Factor V activation and 
impairing endogenous thrombin potential [35].

23.5.3  Fractionated Products vs. 
Fresh Components

Fractionated products (also called blood deriva-
tives) are highly purified protein concentrates.

There are three main advantages of using frac-
tionated products.

 1. Their purity and pharmaceutical-style batch 
production mean their contents and concen-
trations are known and consistent with few if 
any contaminating proteins.

 2. Modern fractionation processes typically 
include one or more viral inactivation steps 
such as heat, pH, nanofiltration and solvents. 
This provides much greater confidence in the 
infectious safety of the products compared 
with fresh components.

 3. Ease of delivery of the product. Fractionated 
products are usually stored refrigerated or at 
room temperature, making for faster dispens-
ing than frozen plasma, and they have signifi-
cantly smaller volumes than plasma so are 
quicker to administer.
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Two main disadvantages of fractionated 
products.

 1. Cost. Fractionated products costing two or 
more times that of plasma for the equivalent 
amount of the specific protein.

 2. The purified products do not provide balanced 
coagulation support

Clonidine—A centrally acting alpha 
2- adrenergic receptor agonist, significantly 
decreased transfusion and fluid requirements. It is 
hypothesized that excessive sympathetic stimula-
tion occurred in patients with cirrhosis because of 
a spillover of excess epinephrine and norepineph-
rine. Clonidine acted to decrease sympathetic 
activity on the splanchnic circulation and, thus, 
decreased flow and pressure in the portal circula-
tion. I/v administration of 4  μg/kg of clonidine 
has been shown to decrease blood loss as well 
fluid requirement during liver transplant [36].

Conjugated oestrogen—Administered just 
prior to surgery and just after graft reperfusion 
has been shown to decrease blood loss and trans-
fusion requirements. Hypothesized mechanisms 
of action include an increased platelet count sec-
ondary to an increase in thromboxane B2 and 
beta-thromboglobulin. 100 mg of oestrogen was 
used to achieve this effect. Optimal dosing and 
morbid effect of oestrogen not well understood 
therefore oestrogen is not in mainsream use, nor 
it is standard of care (Flowchart 23.1) [37].

23.5.4  Preparation for Massive 
Bleeding

Massive bleeding is always a possibility in liver 
transplantation. Therefore, operating room 
should always be prepared to deal with massive 
blood loss.

• Large bore intravenous (IV) access: Pressure 
bags/The Level 1 Rapid Infuser—flow rates 
up to 1 L/min.

• Warming devices: active external warming/
surface-contact warmers, counter-current 

warmers, heated-saline admixture and in-line 
microwave blood warming technology.

• Continuous core temperature monitoring.
• Invasive arterial pressure monitoring.
• Colloid (gelatins), crystalloid, infusion sets 

and IV calcium preparations.
• Communication with blood bank.
• Adequate manpower.
• Point-of-care testing: Arterial blood gas 

(ABG) and thromboelastography (TEG).
• Postoperative intensive care.

23.5.5  Transfusion of Blood 
Components During Massive 
Blood Transfusion

23.5.5.1  Fixed Ratio Blood Products 
Vs. POC Directed Transfusion

Traditional management of massive blood loss 
during surgery was based on restoration of circu-
lating blood volume with crystalloid until trans-
fusion trigger was met after which packed red 
blood cells were to be given. American guide-
lines advised only giving FFP after the loss of 
approximately one blood volume and aiming for 
an INR < 1.5 [38]. Publication of papers regard-
ing acute coagulopathy trauma shock (ACOTS) 
changed this practice.

Management of massive blood loss with fixed 
ratios of red cells to plasma more closely approx-
imating whole blood transfusions came to the 
fore following a retrospective analysis of United 
States army combat patients requiring massive 
transfusion. Those that were treated with a high 
plasma to RBC ratio had a significantly improved 
survival [39].

Fixed ratio blood products can be used in 
patients with massive blood transfusion during 
liver transplant surgery in centres having no 
access to POC coagulation monitoring. 
Advantage of fixed ratio regimen is that there is 
less delay in obtaining the blood products from 
blood bank. Fixed ratio blood products promote 
the early use of plasma and platelets, which might 
otherwise be delayed if waiting for conventional 
laboratory coagulation test results to guide treat-
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Flowchart 23.1 Management of massive blood loss

ment. Increasing availability of POC during liver 
transplant does not justify routine use of fixed 
ratio regimen. Given the lack of high-quality 
 trials the Canadian National Advisory Committee 
on Blood and Blood products took the decision in 

2011 that fixed ratio formula-based care could 
not be recommended as a standard of care [40]. 
Recent state of the art papers on the management 
of traumatic haemorrhage have viscoelastic tests 
integrated into fixed ratio regimen. In the pres-
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ence of uncontrolled haemorrhage, fixed ratio 
transfusion packages are started converting to 
viscoelastic test guided goal-driven resuscitation 
once bleeding slows [41].

23.5.5.2  Targets of Resuscitation 
in Massive Blood Loss

• Mean arterial pressure (MAP) around 
60  mmHg, systolic arterial pressure 
80–100 mmHg.

• Hb 7–9 g/dL.
• INR <1.5; activated PTT <42 s.
• Fibrinogen >1.5–2 g/L.
• Platelets >50 × 109/L.
• pH 7.35–7.45,
• Core temperature > 35.0 °C.
• Base deficit <3.0 lactate <2 mEq/L.
• Fibrinogen >1.5–2 g/L.

The transfusion trigger threshold for visco-
elastic tests have been described. However, the 
transfusion trigger thresholds described for vis-
coelastic tests have not been validated and large 
controlled clinical trials comparing strategies of 
coagulation management and cut-off values for 
transfusion of blood product components are still 
needed (Table 23.1).

Perioperative blood loss during LT is a com-
plex endpoint which is affected not only by pre- 
existing alterations of the haemostatic system but 
also by surgical and anaesthetic management.

A pre-emptive and prophylactic correction of 
the patients’ preoperative haemostatic disorders 
through the “watchful waiting” approach, the 
treatment of existing infections and the optimiza-
tion of renal status minimize the transfusion- 
related complications in the patients undergoing 
liver transplantation. Besides the expert opinions 
the recommendations are listed for the manage-
ment of perioperative bleeding for patients under-
going liver transplantation (Table 23.2).

It is also important to ensure surgical manage-
ment of active bleeding, achieve normothermia, 
keeping low CVP, calcium and pH levels within 

Table 23.1 Complications related to massive blood 
transfusion

Complications Reasons
Hypocalcaemia Exhaustion of liver 

function for citrate 
clearance from circulation

Hyperkalaemia Increased extracellular 
potassium in stored blood 
due to inactivation of the 
RBC membrane ATPase 
pump
Enhanced with acidosis

Hypomagnesemia Due to supplementation 
of magnesium poor fluids, 
along with binding of 
magnesium to citrates

Coagulopathy
Disseminated 
intravascular coagulation 
(DIC)

Dilutional
Hypothermia and acidosis 
may exacerbate

Hypothermia Rapid infusion of a huge 
amount of inadequately 
warmed crystalloid 
solution and blood 
products

Immunological 
complications
Febrile nonhemolytic 
transfusion reactions, 
refractoriness to platelet 
transfusions, transfusion- 
related lung injury 
(TRALI), transfusion- 
associated graft-vs-host 
disease (TAGVHD), 
immune suppression, 
allograft tolerance and 
development of possible 
autoimmune diseases

Donor leucocytes and are 
related to the induction of 
autoantibodies against, 
class I and class II HLA 
antigens which they 
express; T-cell activation 
and microchimerism
Post-transfusion 
immunosuppression is 
evident in liver transplant
Recent studies suggest 
that perioperative 
transfusion may increase 
the risk of postoperative 
bacterial infection 
reactivation of latent 
infection and mortality 
because of tolerance 
induction and 
immunosuppression

23 Intraoperative Complications and Management



286

Table 23.2 Recommendations for the management of 
perioperative bleeding during liver transplantation

Recommendation
Level of 
evidence

Antifibrinolytic therapy reduces blood loss 
and transfusion requirements in liver 
transplantation

B

Implementation of transfusion and 
coagulation management algorithms (based 
on ROTEM/TEG) can reduce transfusion- 
associated costs in liver transplantation

B

In acute liver failure, moderately elevated 
INR should not be corrected before 
invasive procedures, with the exception of 
intracranial pressure monitor insertion

1C

rFVIIa should be used only as rescue 
therapy for uncontrolled bleeding not for 
prophylaxis

1A

Point of care platelet function tests may 
help to stratify risk and rationalize platelet 
transfusion in patients taking antiplatelet 
drugs

C

A low central venous pressure and 
restrictive fluid administration reduce 
bleeding

GRADE System
1A Strong Recommendation High QOE (Quality of 
Evidence), 1B Strong Recommendation Mod QOE, 1C 
Strong Recommendation Low QOE
2A Weak Recommendation, High QOE, 2B Weak 
Recommendation Mod QOE, 2C Weak Recommendation, 
Low QOE

physiological limits during the intraoperative 
period.

23.6  Intracardiac Thrombus (ICT) 
and Pulmonary Embolism 
(PE)

There is a state of rebalanced haemostasis in 
patients with end stage liver disease (ESLD) 
undergoing liver transplantation. This rebalanced 
state is less stable and may easily tip towards 
either bleeding or thrombosis. As a result, during 
intraoperative period patients are at risk of bleed-
ing episodes as well as thrombotic 
complications.

Conventional coagulation panel consisting of 
prothrombin time (PT), International normalized 
ratio (INR), activated partial thromboplastin time 
(APTT), platelet count and fibrinogen concentra-

tion is not sensitive enough to guide transfusion 
in patient of ESLD undergoing liver transplanta-
tion. These tests do not reflect the interaction 
between platelets, vascular endothelium and 
fibrinolytic factors in the haemostatic  mechanism. 
The limitations of these conventional coagulation 
tests during liver transplantation have shifted the 
focus towards viscoelastic coagulation monitor-
ing. Routine use of viscoelastic coagulation mon-
itoring has rationalized the use of blood products 
during liver transplantation. Viscoelastic coagu-
lation monitoring can detect the tendency of 
blood to clot in time so that corrective measures 
can be taken. Despite better understanding of 
physiology of coagulation and routine use of vis-
coelastic coagulation monitoring there is signifi-
cant incidence of ICT and PE in patients 
undergoing liver transplantation.

23.6.1  Incidence of Intraoperative 
Thromboembolic Events

Incidence of intracardiac thrombus and pulmo-
nary thromboembolism depends upon the diag-
nostic methods utilized in the diagnosis of 
intracardiac pulmonary thrombo embolism. It is 
reported to be 1–6% if TEE is not used as routine 
monitor [42, 43]. With the use of TEE, incidence 
of pulmonary thrombo embolism defined as iden-
tification of thrombo emboli in pulmonary artery, 
right atrium or right ventricle with or without evi-
dence of right ventricle dysfunction and hemody-
namic instability is reported to be 26%. 
Intracardiac pulmonary thromboembolism are 
more commonly seen in reperfusion phase but 
have been reported in all phases [44]. ICT has 
also been reported before incision in a patient 
who had no evidence of any thrombus by trans 
thoracic echocardiography. Currently TEE is 
considered the gold standard for diagnosing intra 
operative pulmonary embolism. TEE has an 80% 
sensitivity and 100% specificity for diagnosing 
thrombi large enough to cause haemodynamic 
instability. When to start TEE monitoring in 
patients undergoing liver transplantation, i.e. 
before induction, before clamping of inferior 
vena cava, or before reperfusion is controversial. 
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Routine use of TEE before the induction may be 
more helpful than the practice of having TEE 
probe placed after hemodynamic collapse. Early 
placement of TEE probe can pick up small ICT 
which are not large enough to cause hemody-
namic instability by causing complete out flow 
track obstruction. This also gives anaesthesiolo-
gist time to administer inotropes, anticoagulants 
and thrombolytics in time.

23.6.1.1  Predisposing Factors
Predisposing factors for the development of 
intraoperative ICT and pulmonary thromboem-
bolism are history of preoperative venous 
thrombo embolism, trans jugular intrahepatic 
porto systemic shunt (TIPS), veno venous bypass, 
presence pulmonary artery and dialysis catheter 
and exposure to antifibrinolytic agent. Transfusion 
of cryoprecipitate, platelets and hepatitis immu-
noglobulin have also been reported as risk fac-
tors. Molly et al. in their recent article identified 
that patients who developed ICT had higher 
MELD score at the time of transplant, longer 
warm ischaemia time and received grafts from 
donors of higher BMI as compared to patients 
who did not.

23.6.1.2  Role of Antifibrinolytics
Antifibrinolytics comprise a group of pharma-
cological agents that include epsilon-aminoca-
proic acid (EACA), tranexamic acid (TXA) and 
aprotinin. Antifibrinolytics have been increas-
ingly used in the cardiac and non-cardiac sur-
gery to decrease the blood loss and transfusion 
requirement. World Health Organization has 
included antifibrinolytics in the list of essential 
medicines 2015 for decreasing the blood loss in 
both cardiac and non-cardiac surgery. Recently 
concerns have been raised over the use of antifi-
brinolytics in liver transplant surgery especially 
their association with ICT which carries very 
high mortality. Both lysine analogues (EACA, 
TXA) act to block conversion of plasminogen to 
plasmin whereas aprotinin inactivates free 
plasmin.

Antifibrinolytics have been implicated for the 
development of thrombotic complications in vari-
ous case reports, but the association of antifibrino-
lytics and thrombotic complications are lacking in 
the large studies [45]. Most of the large studies are 
underpowered to detect any role of antifibrinolyt-
ics in the development of thromboembolic com-
plications. In addition to this, subgroups at low 
risk of bleeding or high risk of thrombotic com-
plications are often excluded. Selection of type 
and dose of antifibrinolytics is specific to institu-
tion. Adam Badenoch et al. did not detect any evi-
dence of increased thromboembolic events in 
patients exposed to TXA, including patients with 
high risk of thromboembolic events [46]. Ramona 
Nicolau—Raducu et  al. concluded that EACA 
was not associated with increased thrombotic 
events in liver transplantation [47].

Most of the liver transplant centres are using 
point of care coagulation monitoring which has 
improved the perioperative blood transfusion 
management and use of antifibrinolytics. Studies 
on the routine administration of antifibrinolytic 
after the era of POC coagulation monitoring are 
lacking. Large prospective studies are needed to 
determine the association of antifibrinolytics and 
thromboembolism in liver transplant patients.

23.6.1.3  Factor Concentrates
Prothrombin complex concentrates (PCC) are 
approved by the FDA for urgent reversal of vita-
min K antagonist medications. Since PCC con-
tains all the factors which are synthesized in the 
liver, their use is postulated in patients undergo-
ing liver transplantation. Beneficial effects of 
PCC in liver transplantation is postulated because 
of less volume required to correct coagulopathy. 
Studies conducted to study the effect of intraop-
erative use of concentrates in liver transplant 
patients have not showed an increased risk of 
thromboembolic events. In addition, some PCC 
formulation contains protein C, protein S and 
antithrombin or heparin which further decrease 
the risk of thromboembolism (Figs.  23.1 and 
23.2).
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Fig. 23.2 ME commissural view of left ventricle show-
ing apical thrombus (arrow) in a patient with apical hypo-
kinesis. LA left atrium, LV left ventricle

Fig. 23.1 Example of large thrombus (Th) in the right 
atrium (RA) shown in patient with indwelling catheter 
(arrow). LA left atrium, SVC superior vena cava

23.6.2  Management of ICT

ICT presents intraoperatively as right ventricle 
failure. Hypoxia, hypotension, bradycardia and 
sudden increase or decrease of pulmonary artery 
pressure are hallmarks of right ventricle failure. 
The visualization of thrombus by using intraop-
erative TEE remains the gold standard [48].

Initial management consists of inotropes, 
fluid, chest and aortic compression as required to 
support the heart contractility. Calcium chloride 
and sodium bicarbonate are also administered to 
treat acidosis. Definitive treatment of ICT con-
sists of dissolving the clot with anticoagulants. 
When and how to administer anticoagulants is 

difficult decision which requires clear discussion 
with surgical team.

23.6.2.1  Anticoagulation
Various modalities have been attempted to dis-
solve the thrombus, i.e. administration of hepa-
rin, tissue plasminogen activator, transcatheter 
aspiration of thrombus and catheter directed 
thrombolysis. Thrombectomy on cardio- 
pulmonary bypass remains an option. Heparin 
has been successfully used with good results in 
patients with TEE detected hemodynamic stable 
intra cardiac clots [49]. Heparin at the dose of 
5000 units intravenously has not been found to be 
very helpful when ICT is accompanied with 
hemodynamic instability. Intravenous adminis-
tration of low dose of rTPA (0.5 mg–4 mg) has 
been found helpful in most of the case when 
intracardiac thrombosis is accompanied with 
hemodynamic instability [50]. Low dose rTPA 
was successful in improving hemodynamic. It 
has been recommended to keep 2–4 mg of rTPA 
in the operating room.

23.6.2.2  Suggested Management 
of Intra Cardiac Thrombus

Clot <1  cm2 AND Hemodynamic Stable 
 Observe.

Clot >1  cm2 AND Haemodynamic Stable 

 Heparin 3000 units iv.
Clot >1  cm2 AND Haemodynamic unstable 

 rTPA 0.5 to 2 mg via central line.

 

Repeat rTPA consider ECMO/Bypass.

23.6.3  Intraoperative Vasoplegia

Vasoplegia or distributive shock is seen in signifi-
cant number of patients in the intraoperative 
period. This condition includes multiple aetiolo-
gies (sepsis, neurogenic, anaphylactic, etc.) and 
leads to profound and uncontrolled vasodilation. 
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In the vasoplegic state (VPS), the body is unable 
to maintain adequate perfusion pressure despite 
high cardiac output.

Vasoplegic state is different from post- 
reperfusion syndrome and ischemic reperfusion 
injury. VPS is defined as normal or high cardiac 
output state (cardiac index >2.2 L/m2) with diffi-
culty in maintaining mean arterial pressure of 
60  mmHg due to low systemic vascular resis-
tance (<800 dynes s/cm5) despite high vasopres-
sors (0.5  μg/kg/min of norepinephrine) in a 
patient without any evidence of infections. It may 
be difficult to differentiate VPS from ischaemic 
reperfusion injury or post-reperfusion syndrome. 
Maintenance of blood pressure with fluid and 
inotropes is the priority but these patients are 
usually not responsive to vasopressors [51].

Mortality in patients with vasoplegia because 
of any aetiology can be very high and can be to 
the extent of 50% [52]. Duration of vasoplegic 
syndrome is also related to outcome after trans-
plant. Longer the vasoplegic syndrome poorer is 
the outcome after transplant.

Proposed mechanisms of VS in these patients 
include deficiency of the hormone vasopressin, 
massive oxidative stress triggering the release of 
proinflammatory mediators. With the better 
understanding of role of NO and other mediators’ 
various pharmacological interventions have been 
suggested.

23.6.4  Methylene Blue [51]

Methylene is heterocyclic aromatic molecule 
with chemical formula C16H18CIN3S. It is avail-
able as green powder which turns in to blue solu-
tion when dissolved in water. MB is metabolized 
to leucomethylene blue by nicotinamide adenine 
dinucleotide phosphate and excreted primarily in 
urine, turning the urine a blue green colour [53].

Methylene should be used with caution in 
patients who are G6PD deficient as It can cause 
haemolysis. The risk of serotonin syndrome 

because of monoamine oxidase inhibition prop-
erties is another limitation of the use of 
MB. Patients at risk for serotonin syndrome with 
methylene blue include those on selective sero-
tonin reuptake inhibitors (SSRIs); monoamine 
oxidase inhibitors; meperidine; tramadol; phenyl-
piperidine narcotics (e.g., remifentanil, fentanyl, 
sufentanil); linezolid.

Vasoconstrictor effect of MB is seen only in 
case where there is upregulation of NO. MB does 
not cause increase in blood pressure if it is given 
in non vasoplegic conditions. Blue colour of the 
MB can also interfere with the accuracy of pulse 
oximetry.

MB improves vascular tone by decreasing the 
production of NO by directly inhibiting the 
enzyme NO synthase. It also competitively 
blocks the target enzyme of NO, thus reducing 
the responsiveness of vessels to cyclic GMP 
dependent vasodilators.

Methylene blue (MB) has been successfully 
used in few case reports as rescue measure for 
treatment of nor epinephrine resistant vasoplegia. 
It has been found to increase blood pressure when 
used in the dose of 2 mg/kg as a bolus followed 
by infusion of 0.5 mg/kg for 6 h [53].

Routine prophylactic use of methylene blue 
(MB) before reperfusion of liver cannot be rec-
ommended. Large study by Fukazawa and Pretto 
showed that bolus dose of MB just before reper-
fusion did not prevent post reperfusion syndrome 
or decreased the dose of vasopressors [54].

Hydroxocobalamin: hydroxocobalamin can 
be used in the patients for treatment of vasoplegia 
in G6PD deficient patient or patients at risk of 
serotonin syndrome. Hydroxocobalamin is 
approved drug for cyanide toxicity. Mechanism 
of action of hydroxocobalamin in vasoplegia is 
because of its inhibitory action on NO synthase 
causing hypertension. Recommended dose of 
hydroxocobalamin is 5–10 g intravenously over 
15 min [55]. Hydroxocobalamin has been used in 
liver transplant for treatment of vasoplegia with 
good results (Flowchart 23.2).
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Diagnosis of Vasoplegia

- Severe hypotension (<50 mmHg) refractory to vasopressors and
catecholamines (>= 0.5 mcg/kg/min Norepinephrine)

- Low SVR (<800 dyne s-1cm-5)
- Normal or elevated CO (>2.5 L min-1 m-2)

No

Administer
Methylene Blue

Consider 5 gram dose of
Hydroxocobalamin IV over 15 minutes

IneffectiveIneffective Consider second dose

Yes to one
or both

Does the patient have (1) G6PD or (2) risk factors
for serotonin syndrome?

Flowchart 23.2 Diagnosis and Management of Vasoplegia

Other drugs which have been used or recom-
mended for the treatment of vasoplegia:

Synthetic human Angiotensin II is an FDA 
approved drug for the treatment of vasoplegia 
from any cause. Angiotensin II administration 
replenishes the angiotensin in vasoplegic condi-
tions which are usually associated with depleted 
angiotensin II level. It has been successfully used 
in combined liver and heart transplant. Notable 
side effect of Angiotensin II is thrombo embo-
lism. Recommended dose of angiotensin II is 
20–80 ng/kg/min [56].

23.6.5  Air Embolism During Liver 
Transplantation

Air embolism during liver transplantation is 
reported in all phases of liver transplantation. It 
can arise due to injury to the vessels during liver 
transplantation surgery. Air can be sucked to the 
central volume from openings in the hepatic 
veins during dissection phase. Air embolism is 
facilitated by low central venous pressure which 
is maintained to lower portal pressure and 
decrease the blood loss. Other sources of air 
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Air Entrainment

SOURCE

ACUTE
AMOUNT

TREATMENT 1. Administer of 100% oxygen

  2. Vasopressor

  3. Lt Lateral Decubitus Position

  4. Air Aspiration from Right Atrium

ADVERSE SEQUELAE FROM AIR EMBOLISM

Small
<0.5ml/kg

Large
>2.0ml/kg

Medium
0.5-2ml/kg

Venous Channel

RIGHT
VENTRICULAR

FAILURE

CARDIO
VASCULAR
COLLAPSE

ETCO2

OXYGEN

DESATURATION

WHEEZING

Right Ventricular Air

HYPOTENSION

RT HEART STRAIN

ST CHANGES

PEAKED P WAVES

Pulmonary Circulation

Flowchart 23.3 Diagnosis  
of air embolism

embolism are: veno-venous bypass, rapid trans-
fusion of fluid, tubing and vascular unclamping 
during reperfusion phase. Incidence of air embo-
lism depends upon the modality to diagnose the 
air embolism. TEE is the most sensitive monitor 
to diagnose air embolism (Flowchart 23.3).

23.7  Severe Post-Reperfusion 
Syndrome (PRS)

Reperfusion stage is the most critical step of sur-
gery in which sudden metabolic and heamody-
namic imbalances occur. These characterize PRS 
which was described in 1987. Hilmi described 
significant PRS as >30% drop in MAP or HR 
lasting more than 30  min, asystole, heamody-
namically significant arrthymias or need of con-

tinuous infusion of vassopressors during 
intraoperative period. Overall incidence of PRS 
varies ranging from 8% to 30%. Incidence may 
vary in LDLT and cadeveric transplants and type 
of clamping technique being applied.

Changes during unclamping include decrease 
in MAP, HR, SVR & CI, increase in CVP, PAP, 
PVR leading to right ventricular failure and car-
diovascular collapse in severe cases. Acidosis, 
hyperkalaemia, hypocalcaemia worsen during 
reperfusion stage with prolonged fibrinolysis and 
release of vasoactive substances like cytokines, 
reactive oxygen species, TNF-α, NO, bradyki-
nins by the recipient.

Management and prevention of severe postre-
perfusion syndrome should ideally be guided by 
TEE.This includes (1) Hyperkalaemia and acido-
sis correction. (2) Vasopressors, e.g., small dose 
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of epinephrine (10–20  μg) or phenylephrine 
(100 μg) with continuous infusion of norepineph-
rine/vasopressin. (3) Methylene blue. (4) 
Hydroxocobalamin. (5) Magnesium sulphate: 
Magnesium administration before reperfusion of 
the transplanted liver has been shown to signifi-
cantly reduce blood lactate levels, suggesting that 
it may protect against ischemia-reperfusion 
injury [57]. Pretreatment with magnesium sulfate 
also has been shown to attenuate PRS in patients 
undergoing living donor liver transplantation.

Magnesium correction should be simultane-
ous as its levels decline during dissection and 
anhepatic phase of liver transplant [58]. It is a 
powerful vasodilator which should be avoided in 
hepatic encephalopathy [59]. (6) Ischemic Pre- 
conditioning: no conclusive evidence of its ben-
eficial effect.

Hence well-managed post reperfusion stage 
results in less incidence of postoperative renal 
dysfunction, less bleeding and decrease in sys-
temic inflammatory response.

23.7.1  Dynamic LVOT Obstruction 
(LVOTO)

LVOTO (pressure gradient >36  mmHg) should 
be ruled out in all cases of refractory cases of 
hypotension during LT.  Incidence of LVOTO is 
0.2% of the general population.

In chronic liver disease patients have hyper-
trophied ventricles, low SVR and common use of 
diuretics making them more susceptible to 
LVOTO. It becomes more severe in presence of 
SAM of anterior mitral leaflet leading to fall in 
ejection of stroke volume and sudden drop in car-
diac output. LVOTO is pronounced during anhe-
patic stage. TEE monitoring is essential to follow 
the degree of LVOTO and SAM.

Avoid hypovolemia (optimize preload) and 
treat hypotension with norepinephrine or 
 vasopressin or volume. Bolus of phenylephrine 
100  μg to be used to increase SVR (increase 
afterload). Use of β- Blocker (e.g., Esmolol) with 
slow correction of Ca2+ is done to prevent hyper-
contractability (inotropy). Epinephrine should 
not be used (Fig. 23.3).

23.7.2  Pulmonary Hypertension

Anaesthetic management is aimed to prevent pul-
monary hypertension crises and right ventricle 
failure in acute decompensated pulmonary 
hypertension.

General Principles include:

 1. Avoid hypoxic pulmonary vasoconstriction 
(FiO2 0.6), acidosis (PaCO2 30–35), hypother-
mia (36–37  °C), high airway pressure (low 
tidal volume 6–8 mL/kg IBW).

Fig. 23.3 Transesophageal 2 dimensional echocardio-
graphic images showing ME 5 chamber view. (a) Systolic 
anterior motion of anterior mitral valve (arrow) leading to 
obstruction of the left ventricular outflow tract. (b) 

Turbulent flow in the left ventricular outflow tract (green 
arrow) and posteriorly directed regurgitant jet (white 
arrow). LA left atrium, LVOT left ventricular outflow tract, 
RA right atrium, RV right ventricle

S. Aneja and A. Malik



293

 2. Reduce RV afterload.
 3. Maintain SVR.
 4. Intravenous vasodialators: Milrinone (25–

50  μg/kg bolus followed by infusion 0.5–
0.75  μg/kg/min). Prostacyclin (4–10  ng/kg/
min). Iloprost (1–3 ng/kg/min).

 5. Selective pulmonary vasodialators: Nitric 
Oxide (5–40  ppm continuously). Inhaled 
Prostacyclin (25–50  μg diluted in 50  mL 
saline nebulized over 15 min repeated every 
hour).

 6. Maintain sinus rhythm.
 7. Inotropes: Adrenaline, dobutamine.

TEE or pulmonary artery catheter is used as a 
monitor. Aim to keep SBP > 90 mm of Hg, mean 
BP > 65 mm of Hg, MPAP, 35 mm of Hg, PVR/
SVR < 0.5, cardiac index > 2.2l/min/m2.

23.7.2.1  Arrhythmias
Commonly seen electrophysiological abnormali-
ties in liver transplant are prolonged QT inter-
vals, increased QT dispersion, chronotropic 
incompetence and electromechanical 
uncoupling.

Atrial fibrillation is the most common cardiac 
arrhythmia in liver transplant. The incidence in 
liver transplant candidates is higher than in the 
general population (4.5% vs. 0.8–1.5%), result-
ing in higher perioperative cardiac morbidity 
[60]. This results in prolonged hospital stay, 
increased incidence of AKI and low graft 
survival.

The risk factors contributing to arrhythmias in 
patients undergoing liver transplant include cir-
rhotic cardiomyopathy, cardiac ion channel 
remodelling, electrolyte imbalances, impaired 
autonomic function, hepatorenal syndrome, met-
abolic abnormalities, advanced age, inflamma-
tory syndrome and comorbidities.

Intraoperative arrthymias lead to suboptimal 
ventricular rate, loss of atrial contraction and 
sympathetic activation.

23.7.2.2  Treatment
 1. Rapid correction of electrolytes and acidosis.
 2. Control of HR with β-blockers or i.v. Dilitizam 

which causes hypotension.
 3. Amiodarone (150  mg bolus and then 

15–30  mg/h intravenously)—controls rate 
with better hemodynamic stability but can 
cause QT prolongation.

 4. Electrical Cardioversion (100–200  J) in 
hemodynamically unstable patients.

23.7.3  Miscellaneous

 1. Related to vascular access: Intra-arterial 
lines—Temporary vascular occlusion, throm-
bosis, ischemia, haematoma, catheter related 
sepsis Advanced Venous Access, cordis 9Fr 
internal jugular venous cannulation—bleed-
ing, haematoma, arterial/venous injury, incor-
rect placement in azygous vein (left sided), 
pneumothorax, haemothorax, pneumomedi-
astinum and air embolism, arrthymias, sepsis, 
catheter fracture, PAC—pulmonary artery 
rupture due to overinflation of balloon, 
arrthymias.

 2. TEE probe—bleeding from varices more 
common with gastric varices, infection.

 3. Re-expansion pulmonary oedema: drainage 
of hydrothorax should be slow and not con-
tinuous otherwise can lead to re-expansion 
pulmonary oedema.

 4. Complications related to patient position-
ing—Due to prolonged surgery in supine 
position: Pressure alopecia, ulnar nerve injury 
(wrist drop), foot drop, brachial plexus injury 
due to application of retractors or tight tuck-
ing with elbows not flexed causing compres-
sion between clavicle and first rib.

 5. Retractors: commonly used retractors are 
Omni and Thompson. Higher compression 
can lead to loss of arterial waveform during 
retractor application. Other complications 
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include brachial plexus injury, diaphragmatic 
injury, basal atelectasis, rib #, liver or splenic 
tear and postoperative pain.

23.8  Conclusion

Intraoperative complications can take place in 
any phase but most of them occur in reperfusion 
phase.

Hemodynamic collapse because of bleeding 
or without obvious bleeding can take place in any 
phase.

TEE should be readily available to help in the 
differential diagnosis of cardiovascular collapse.

Point of care coagulation monitoring by 
Viscoelastic method should guide transfusion.

Care should be taken to maintain temperature, 
electrolytes and acid load.

It is difficult to predict intraoperative compli-
cations therefore adequate help in the form of 
additional manpower, adequate blood products 
and devices should always be available.
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24Peri-Operative Assessment 
and Management of Live Donor 
for Donor Hepatectomy

Sangeeta Deka and Vijay Vohra

24.1  Introduction

Living donor transplant is an important compo-
nent of liver transplant programme in the Asian 
countries. This is due to the lack of deceased 
donors in the Asian sub-continent. In India at 
present 80% of the transplants are live donor and 
20% contribute to the deceased donor 
programme.

Living liver donor surgery is a major surgery 
and therefore all the implications of a major sur-
gery are applicable here. Completely healthy 
individual undergoes surgical procedure for no 
health benefit. Liver is a very complex organ and 
the surgery of the liver is associated with fairly 
high incidence of major and minor complica-
tions. A crude morbidity of 31% is reported with 
donor hepatectomy [1]. One study reported a 
complication rate of 39% but most of the compli-
cations are mild in nature [2].

There is a large variation in the incidence of 
reported complications which is because the way 
these complications are defined. First successful 
living donor liver transplant (LDLT) was per-
formed in 1989 in Chicago in a child with biliary 
atresia but following that there has been a huge 
progress made in LDLT in adults with right lobe 

liver grafts. Eastern countries like Japan and 
Korea have been leading the progress in this field.

There are a lot of inherent advantages of 
LDLT over deceased donor liver transplant 
(DDLT), the most apparent being that it can be 
performed in an elective manner most of the 
times. It gives an opportunity to time the surgery 
when the recipient’s condition is optimized. As 
the donor and recipient’s procedures go on at the 
same time, the cold ischaemia time of the liver is 
markedly reduced.

24.2  Donor Evaluation

The donor evaluation should start after initial 
screening is done. The initial screening involves 
knowing the blood group of the patient which 
needs to be compatible with the recipient, viral 
markers, and baseline biochemistry and coagula-
tion status. If the initial screening does not reveal 
any prohibitive results like hepatitis B positive 
status, HIV positivity or severe anaemia, the 
assessment of the donor can proceed to the next 
level. The donors need to be between the ages of 
18–55 years who explicitly consents to becoming 
a liver donor. The donor must be psychologically 
stable, informed of the risk of the surgery and 
also fully aware of the benefits and risk to the 
recipient. Every effort should be made that 
donors are not called for donation when the 
recipient condition is hopeless, i.e. a very high 
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model for end-stage liver disease (MELD) score 
with serious systemic disease.

24.2.1  Phase 1

This phase involves besides the routine haema-
tology and biochemistry, the donor undergoes 
lipid profile, thyroid function test, plane CT 
upper abdomen to assess the liver steatosis and 
estimation of liver attenuation index (LAI). An 
alternative to doing the CT is MR fat estimation, 
which is another modality to estimate the fat con-
tent in the liver. Generally up to 30% fat in the 
liver is considered acceptable for donation 
whereas 30–50% fat makes the liver borderline 
liver. The donor also undergoes triphasic CT scan 
and assessment of liver volume. The anatomy of 
liver is ascertained. If required magnetic reso-
nance cholangiopancreatography (MRCP) is 
done to ascertain the biliary anatomy.

24.2.2  Phase 2

The next phase of donor assessment requires a 
thorough medical and laboratory assessment 
along with psychological assessment by a psy-
chiatrist. The overall health status is assessed to 
rule out any major illness involving heart, kidney, 
and lungs. Diabetes and severe uncontrolled 
hypertension are also ruled out during this phase. 
Psychologists carry out an evaluation to assess 
the psychological status of the donor and identify 
any potential psychiatric issues. The donor must 
understand the procedure which is being under-
taken and the implications of the surgical proce-
dure. The implications of the surgical procedures 
(Donor hepatectomy) include loss of work for 
days to up to a month, possible morbidity like 
bile leak etc. All donors must have electrocardio-
gram (ECG) done, 2D echocardiography (2D 
ECHO)/stress echocardiography, chest X-ray, 
ultrasound abdomen, and pelvic and CT calcium 
score for donors >50 years.

24.2.3  Phase 3

In this phase clearance is obtained from gynaeco-
logy point of view by a gynaecology specialist, 
breast clearance in female donors and clearance 
from cardiac point of view with the help of a ded-
icated cardiologist.

24.3  Multidisciplinary Team 
Assessment

A multidisciplinary team, including Anaesthesia, 
Hepatology, Surgeon, Radiologist, and 
Psychiatry, take the responsibility of assessing 
the donor.

The objective of the assessment is as follows:

• General medical health of the donor.
• Liver function test and potential graft quality.
• Psychological status and capacity to give a 

valid consent.
• Motivation for donation—not under peer 

pressure.
• Anatomical issues (Surgical decision).

24.4  Pre-Anaesthetic Assessment

Pre-operative assessment is carried out keeping 
in mind the requirement of any major surgery 
with potential of large amount of blood loss. 
Donor is a person who is undergoing surgery for 
no direct benefit to his health.

ASA I/ II donors are only accepted to donate 
liver. The donor undergoes evaluation relating to 
the functioning of the liver as well as thorough 
systemic evaluation of the major organ systems.

History of previous surgery is recorded. 
Previous abdominal surgery can result in adhe-
sions and may result in blood loss during the 
surgical procedure. Previous cholecystectomy 
makes the intraoperative cholangiogram, a dif-
ficult proposition. Any untoward episodes in 
relation to previous surgery is taken note of. 
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History of excessive post-operative nausea, 
vomiting (PONV) is enquired into. PONV is 
present, will require two or three drug com-
bination (Ondasatron, Metoclopramide, and 
Dexamethasone) of anti-emetics in the post-op 
period. Abdominal surgery in a female patient is 
a high risk of PONV.

24.5  Systemic Assessment

Cardiovascular system evaluation is carried out 
in all donors; the intensity of the assessment var-
ies depending on the age and other co morbid 
conditions. The assessment aims to investigate 
and reveal any underlying condition, which is not 
apparent. Older donors would undergo thorough 
history, examination, and relevant investigations 
like ECG, echocardiography, possibly stress 
echocardiography.

Those with diabetes and or hypertension may 
need to undergo carotid Doppler as well. Unstable 
cardiovascular status like angina or uncontrolled 
hypertension contraindicates donation. 
Hypertension which is well controlled without 
any end organ effects is not a contraindication for 
donation—Grade recommendation B1 [3].

Respiratory System—Evaluation is carried 
out to identify donors who are having risk fac-
tors, which makes them vulnerable to increased 
risk of post-operative pulmonary complication. 
Older donors with age more than 50  years, 
smoking history, asthma, along with prolonged 
upper abdominal surgery (> 3 h), intraoperative 
ventilation, are all factors for increased risk of 
pulmonary complications post-operatively [4]. 
History, examination, SpO2, chest X-ray, and 
selected donors with pulmonary function tests 
are carried out in the donors. Severe restrictive 
dysfunction as seen in ankylosing spondylitis or 
severe asthma with pronounced obstruction 
would contraindicate donation as it jeopardizes 
the post- operative recovery [5–7]. Incentive spi-
rometry is advised along with deep breathing 
exercises with adequate post-operative pain 

control to minimize post-operative pulmonary 
complications [8].

Haematological assessment is carried out as 
per the protocol of the center – some preferring to 
do more elaborate testing to rule out possibilities 
of hypercoaguable states. Procoagulant screening 
may not be done in all donors but is justified in 
donors who are donating to recipients who are 
donating to recipients with portal vein thrombo-
sis or budd chiari syndrome [9]. Routine assess-
ment will include complete blood count including 
platelet concentration, prothrombin time (PT) 
and activated partial thromboplastin time 
(APTT).

Pre-operative assessment is carried out in a 
protocolized manner so that all relevant investi-
gations are done. The assessment is documented 
in a specially designed pre-operative assessment 
form (Fig. 24.1). Pre-operative anaesthetic evalu-
ation also serves as a counselling session for the 
donor. The donor is appraised of the aspects of 
the procedure, the road map from assessment to 
surgery, post-operative course, and return to pre- 
operative status.

Post-operative pain management is discussed 
with the donor is made aware of the options avail-
able to control the post-operative pain. Thoracic 
epidural is probably the preferred method of pain 
relief post-operatively in most of the centres but the 
patient must consent to the procedure other options 
include intra venous narcotics, intrathecal mor-
phine, fascial plane block—transversus abdominus 
plane (TAP block) have been used with variable 
success. Thoracic epidural if it is to be performed 
should be done while the patient is still awake 
before the start of anaesthesia. Some patients might 
find this daunting and may not agree to have an 
epidural while they are still awake. Performing epi-
dural block under anaesthesia is not recommended 
as the morbidity with this procedure is higher. 
Certain adjuvants can be used in the local anaes-
thetic solution in the form of narcotics like fen-
tanyl, morphine, etc. Various pre-medicants have 
also been used to improve post-operative analge-
sia—gabapentin and pregabalin.
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Preoperative Assessment Of Donor Hepatectomy

Name:

Name of the Recipient:

Blood Group (RECIPIENT)

History

AIRWAY ASSESSMENT

Haemotological Evaluation

Biochemistry

Viral Studies

Issues:

Anasthesia Plan GA/LA/RA/MAC

Advice/Pre-OP Order

Liver Profile

Mouth Opening

Hb PCV TLC

Blood Group
DLC

PT

S. Creatinine
BUN
Blood Sugar (R) F PP

Thyroid Profile

T3
T4
TSH

Na/K/Ca/Mg/PO

Hbs Ag
Anti HBV

CMV IgG: IgM:

Signature of Anaesthesiologist

Name of Anaesthesiologist

Time:
Date:

HCV 1 & 2
Anti HCV
HCV RNA Genotype: Y/N

INR APTT

Protein
T. Billirubin
AST
ALK Phos

S. Albumin
Conj. Billirubin
ALT
GGTT.

N L E M B
Platelets

Mallampatti Gr I II III IV

Teeth: Dentures: Loose tooth/teeth: Thyromental Distance:

Personal History

Drug History

General Examination

Cardiac Evaluation Respiratory Evaluation

General Condition: Good/Fair/Sick looking/Toxic/Conscious/Drowsy/Unconscious

BP
Jaundice

Pulse
Cyanosis

•   Echo : LVEF •   Breath Sounds/Air Entry •   P/A

•   CNS
•   SpO

2

Restrictive/Obstructive
•   Pulmonary Function Test (PFT)

•   Pulmonologist Opinion
•   X-Ray Chest

ECG

RWMA

•   Stress Echo

•   Cardiology opinion

PASP

Valves

Resp Rate
Oedema

Temp
Hydration

Anaemia
Clubbing

Cough/Exp
COPD
Kochs

Thyrotoxicosis/Hypothyroidism
G. Int Problem
Bleeding Disorders

Any operation/anaesthesis/mishaps Angina/CAD
Hypertension

Dyspnoea

PIVD/Arthritis/Cervical Spondylosis
Paralysis/Stroke/Seizures
Diabetes
Exercise tolerance

Transfusion in Past
Prolonged hospitalization

Chronic Medicine Intake

Alcohol

Present Past

Smoking Addiction Menstrual History

Allergy/Drug reaction

Relation:

Blood Group (DONOR)

Age: Sex: Weight: Height: BMI

Fig. 24.1 Donor hepatectomy PAC Form

24.5.1  Assessment Day Before 
Surgery (Day −1)

This includes re-assessment and evaluation of 
recipient and donor scheduled for transplant sur-
gery next day. A short physical examination of 
the patients is done. Repeat laboratory 
 investigations, viz. complete blood count (CBC), 
liver function test (LFT), renal function test 
(RFT), coagulation profile, chest X-Ray (CXR), 
ECG, and 2D ECHO are done. If reports are 
acceptable, patient is cleared for surgery.

24.6  Anaesthetic Management

Awake epidural—After the patient is taken into 
the OR and routine standard monitors are con-
nected, epidural catheter at mid-thoracic level 
(T6–T7) is placed in left lateral position after 
sedation with i.v. Midazolam 1–2 mg and i.v. fen-
tanyl 25 μg. Catheter placement is checked and 
confirmed by injection of test dose of 3 mL of 2% 
lignocaine with adrenaline (15 μg).

Induction—After fixation of the epidural cath-
eter, patient is made supine and induction of gen-
eral anaesthesia done with i.v. Fentanyl 2 μg/mL, 

i.v. Propofol 2  mg/kg and tracheal intubation 
done after administration of a non-depolarizing 
muscle relaxant, usually i.v. cisatracurium 
0.2  mg/kg. Under general anaesthesia, a radial 
arterial catheter, a central venous catheter (com-
monly in right IJV) and urinary catheter is placed. 
Patient position is done carefully, gel ring placed 
under head, limbs are padded to prevent pressure 
injury, and pneumatic pumps are applied in the 
lower limb for DVT prophylaxis. Normothermia 
is maintained with a forced air heating blanket 
(Bair-hugger) and room temperature maintained. 
Choice of intravenous fluid is a crystalloid, usu-
ally plasmalyte and the goal is to maintain mean 
arterial B.P. of >60 mmHg and a central venous 
pressure of <5 mmHg. 100–200 mL boluses of 
crystalloid is administered as and when required. 
Urine output is maintained greater than or equal 
to 0.5 mL/kg body weight.

24.6.1  Transfusion Requirement 
and Methods of Minimizing 
Blood Loss

Blood transfusion is associated with increased 
risk of infection and poor patient outcome. 
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Imamura et al. in a review of over one thousand 
hepatectomies for hepatocellular carcinoma 
found blood loss as a significant independnt fac-
tor for major complications [10]. The hospital 
stay and intensive care stay is also correlated with 
the transfusion requirement.

24.6.1.1  Low Central Venous Pressure 
(CVP)

CVP less than 5 mmHg is desirable while doing 
liver transection to minimize blood loss. Higher 
CVP causes back pressure in hepatic venous sys-
tem resulting in more blood loss during liver 
parenchymal transection. Hence, low CVP allows 
a better control and haemostasis in case of inad-
vertent vessel injury [11]. There are various mea-
sures to lower CVP intraoperatively to reduce 
bleeding during transaction. Commonest practice 
is to restrict intravenous fluid administration. 
Fluid infusion rate of around 100–200  mL/h is 
maintained with intermittent boluses to keep 
MAP >60  mmHg. Epidural anaesthesia contin-
ued intraoperatively also helps in lowering CVP 
by venodilation. Few centres practice intraopera-
tive phlebotomy without volume replacement to 
reduce the CVP.  Intraoperative injection of a 
diuretic, commonly Frusemide (Lasix) has also 
been used for low CVP. Care must be taken to not 
lower the CVP too much as too low CVP (near 
zero) can cause air to enter through accidental 
venous tear or laceration during surgery resulting 
in air embolism. So one should be alert to this 
possibility which can be identified with sudden 
fall in end tidal etco2 in the presence of normal 
cardiac output.

24.6.1.2  Acute Normovolemic 
Hemodilution (ANH)

ANH is a method where patient’s own blood is 
collected in one or more blood units just after 
anaesthesia and before commencement of sur-
gery in the operating theatre and the blood vol-
ume taken out is replaced by simultaneous 
administration of crystalloid or colloid. The 
blood is stored in the operating theatre and is 
transfused at the end of surgery if there is blood 
loss and need of transfusion. ANH can be consid-
ered if patient’s haemoglobin concentration is 

more than 12  g/dL.  Risk of blood transfusion 
related immunologically mediated allergic reac-
tions and transmission of viral illnesses can be 
eliminated. It is also safe to use in people with 
rare blood types.

24.6.1.3  Pre-Operative Autologous 
Blood Transfusion

Donor’s blood is collected few weeks before 
scheduled date of surgery and stored in the blood 
bank. The last collection preferably should not be 
later than 72 h. The stored blood is then used and 
transfused back to the donor during surgery if 
required.

Cell saver technique or intraoperative cell sal-
vage can be used wherein the blood lost during 
surgery is immediately returned to blood circula-
tion with the help of a cell salvage machine which 
removes the impurities, wash the red cells and 
also add an anticoagulant to prevent it from clot-
ting before transfusing it back into circulation. 
These are various methods which can be imple-
mented to minimize blood transfusion in donor 
hepatectomy surgeries.

Metabolic acidosis is usually seen during 
donor surgery. It is primarily lactic acidosis due 
to reduced hepatic blood flow and hepatic dissec-
tion. Serial arterial blood gas analysis are done 
intraoperatively to check for acidosis and any 
abnormality is corrected.

All patients are preferably extubated in the 
operating theatre after the end of surgery and 
shifted to intensive care unit for overnight moni-
toring and optimization.

24.7  Post-Operative Care

Once the surgery is over the donor is shifted to 
either post-operative care unit or transferred 
straight to the intensive care unit. The family/
attendant of the donor is informed and are encour-
aged to visit their patient. Chest X-Ray A/P view 
is done in all donors to view the lung fields and 
position of the central venous catheter. Complete 
blood count, electrolytes, blood sugar, PT, APTT, 
and arterial blood gas analysis (ABG) is done in 
all donors.

24 Peri-Operative Assessment and Management of Live Donor for Donor Hepatectomy
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24.8  Pain Management

Donor hepatectomy surgery is associated with 
significant acute post-operative pain [12].

Optimal pain management of the living donor 
is a major challenge in the immediate post- 
surgical period.

Acute severe pain may be detrimental to post- 
operative outcome and recovery of the patient 
[13]. Therefore, it is pertinent to improve the 
quality of post-operative pain control and man-
agement. Thoracic epidural has been found to be 
the most effective mode of post-operative analge-
sia in donor hepatectomy surgery [14]. It also 
allows opioid sparing, restores gut motility, 
decreases incidence of development of chronic 
post-operative pain, and decreases post-operative 
morbidity [15].

In our practice, epidural catheter is placed in 
almost all patients at mid-thoracic level of T6–7. 
A local anaesthetic infusion is continued through-
out surgery. After reversal of anaesthesia and 
extubation post-surgery in the operating theatre, 
a bolus of local anaesthesia (4 mL of Ropivacaine 
0.2%) is administered and a continuous infusion 
of local anaesthetic and opioid combination 
(Ropivacaine 0.2% and Fentanyl 2mcg/mL) is 
started. Additional boluses of epidural local 
anaesthetic is also feasible via the patient control 
anaesthesia (PCA) machine. Pain intensity is 
monitored daily using the Visual analogue scale 
(VAS) by the dedicated pain nurse. Rescue anal-
gesia (Inj. Tramadol 75–100 mg i.v.) is adminis-
tered if the VAS score is greater than 5. Epidural 
catheter is removed on fourth post-operative day 
after prior checking of platelet count and 
INR. Side effects of epidural anaesthesia include 
failure of placement, dural puncture, and epidural 
hematoma in rare cases.

Safety of epidural catheter in major liver 
resection surgeries, especially in living donors, 
has been debated by many. Few studies have 
shown that it is a safe and effective method of 
post-operative pain control in donor hepatecto-
mies [16, 17].

However, there are studies which have dis-
couraged the use of epidural analgesia due to the 
derangement in coagulation status after liver 
resection which may cause epidural hematoma 
[18]. Choi et al. in their study found that platelet 
count decreased significantly immediately after 
surgery and decreasing trend remained till Post- 
operative day (POD) 6. There was also a signifi-
cant rise in PT post-op and remained significant 
till POD 7. Coagulation status if deranged, should 
be normalized at the time of removal of epidural 
catheter. As per American Society of Regional 
Anaesthesia (ASRA) guidelines, epidural cathe-
ter can be removed if INR <1.5.

Intravenous analgesia in few patients, due to 
failure of insertion of epidural catheter and in few 
cases, patient’s refusal for epidural analgesia, 
intravenous narcotic (Fentanyl/Morphine) infu-
sion is continued intraoperatively and PCA is con-
tinued after conclusion of surgery. The choice of 
narcotic depends on the anaesthesiologist. 
Morphine has a longer duration of action and 
therefore fits into the profile if only patient control 
analgesia mode is to be used without basal infu-
sion. There should be adequate monitoring for 
respiratory depression and a cut off of eight breaths 
per minute should warrant dose adjustment.

24.8.1  Abdominal Wall Blocks

Many studies have been conducted where multi-
modal approach of pain control after donor hepa-
tectomy have been observed. Abdominal wall 
blocks such as lateral and subcostal transversus 
abdominis plane (TAP) blocks, rectus sheath 
block with liposomal bupivacaine have worked 
well and provided analgesia for a significant 
duration in post-operative period which is com-
parable to analgesia provided by epidural [19]. 
Adelmann et al. in their study found that continu-
ous bilateral Erector spinae plane block with 
catheters in situ significantly reduced the dose of 
opioid and gabapentin consumption in post- 
operative period.
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24.8.2  Multi Modal Analgesia

There is current trend to minimize the use of nar-
cotics in the post-operative period due to possible 
detrimental effects like respiratory depression, 
nauseas, vomiting, gastric motility as well as pos-
sible narcotic dependence and abuse.  Multi- modal 
analgesia requires combination of various modal-
ities available—the most common being use of 
gabapentinoids pre-operatively, non- steroidal 
anti-inflammatory drugs, acetaminophen, low 
dose ketamine, and abdominal wall blocks. There 
have been studies on the use of non-traditional 
modalities like acupuncture in the donors [20].

24.9  DVT Prophylaxis

Deep vein thrombosis is a common complication 
after prolong surgery. In up to 10% of the patients 
DVT can translate into pulmonary embolism 
which can be fatal [21].

Sequential compression devices are used in 
the post-operative period to prevent deep vein 
thrombosis. This is continued till the patient 
Starts getting out of bed, which is normally 
24–48 h post-surgery. Other modes of DVT pre-
ventions can also be carried out—compression 
stockings, leg exercises, and low molecular 
weight heparin (LMWH). LMWH in the dose of 
0.2–0.4 ml (20–40 mg), 12 hourly is used for 
4–7  days till the donor is fully mobile [22]. 
Anticoagulant use increases the risk of bleeding 
in post-operative period, which must be weighed 
in context with the prophylaxis of DVT and pos-
sible pulmonary embolism.

24.10  Remnant Liver: Monitoring 
Its Function

Major hepatic resection has its own risks. One of 
them is post-hepatectomy liver failure (PHLF) 
which increases morbidity, mortality, and length 
of hospital stay in donors. PHLF is defined as 
failure of the remaining hepatocytes to compen-
sate for the loss of existing hepatocytes in main-
taining synthetic and excretory function 

manifesting as hyperbilirubinemia, hypoalbu-
minemia, prolonged prothrombin time (PT), ele-
vated serum lactate levels, and hepatic 
encephalopathy [23]. Many authors have defined 
PHLF but the one which is widely used in clinical 
practice includes a combination of prolonged PT 
(INR  >  1.7), elevated serum total bilirubin 
(>50  μmol/L), hepatic encephalopathy, and/or 
ascites on fifth post-operative day [24]. A good 
remnant of liver volume is necessary to prevent 
liver failure. Studies have shown that a remnant 
volume of 30–40% is safe after resection [24]. 
Hence it is pertinent to assess the patient and 
evaluate liver volume and function in pre- 
operative period to prevent hepatic failure post 
hepatectomy.

24.11  Robotic Donor Hepatectomy

The first laparoscopic donor right hepatectomy 
was first reported in the year 2006 [25]. Most of 
the right lobe laparoscopy donor hepatectomy 
have been carried out using a hand assisted pro-
cedure and with a high conversion rate [26]. This 
led to development of robotic donor hepatectomy 
and the first robotic procedure was reported in 
2012. The challenges offered for robotic surgery 
include positioning of the patient, limitation of 
access to the patient, respiratory effects of pro-
longed pneumoperitoneum, intra-abdominal 
organ perfusion (including liver), in presence of 
raised intra-abdominal pressure and maintenance 
of body temperature. Adequate precautions 
should be undertaken in positioning of the patient 
so that all the pressure points are adequately pad-
ded to prevent pressure necrosis or neurological 
damage (Fig. 24.2). Robotic surgery is associated 
with longer duration of procedure as docking and 
undocking of the robot takes time. Prolonged 
infusion of muscle relaxant and use of inhala-
tional agent can affect the recovery of the patient 
post-operatively. Cisatracurium, desflurane, and 
short acting opioids like fentanyl are advocated 
for prompt recovery on completion of the sur-
gery. Protection of pressure areas is of paramount 
importance. Skin loss and blister formation has 
been reported after the procedure.
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Fig. 24.2 Robotic donor hepatectomy

Table 24.1 Complications

Complications
Biliary complications: Biliary leak, biliary stricture
Infection: Wound infection, intra-abdominal infection, 
lung
Post-operative bleeding: Intra-abdominal bleeding, 
incision bleeding
Effusion: Pleural effusion, intra-abdominal effusion
Deep vein thrombosis: Pulmonary embolism

24.12  Liver Regeneration

Following donation, the liver regeneration pro-
cess begins immediately and takes about 
2–3  weeks for restoration of its function [27]. 
Liver regeneration occurs in three phases. In the 
first phase the liver grows rapidly within first 
2  weeks after surgery. Second phase includes 
reversal of tissue oedema and normalization of 
volume which happens in 1–2  months. Liver 
regenerates slowly in the third phase and the vol-
ume reaches a steady state [28].

Gradual improvement in liver function test 
and coagulation profile is seen which also signi-
fies the ongoing active regeneration of liver. 
However, it has been found that full regeneration 
of liver volume does not occur and the liver 
regenerates to about only 80% of original volume 
[29]. This study also states that liver volume 
recovers significantly faster than hepatocellular 
function.

24.13  Complications

Complications of donor hepatectomy surgery 
can be categorized into major and minor com-
plications. Overall incidence of complications 
is around 40% and 1% incidence of residual 
disability, liver failure or death in living donors 
[30]. Major complications are those which 
require surgical or any other invasive interven-
tion. Common major complications are surgi-
cal bleed requiring re-exploration, bile leak, 
biliary stricture, pleural effusion, deep venous 
thrombosis (DVT), pulmonary embolism due 
to DVT, collection of fluid in the abdomen 
(Table 24.1).

Minor complications include deranged liver 
function, wound infection and dehiscence, alope-
cia, thrombosis of internal jugular vein due to its 
cannulation, temporary neuropraxia, pressure 
sores in robotic donor hepatectomy due to pro-
longed duration of surgery. Late complications 
include development of incisional hernia at the 
incision site. Depression and other psychiatric ill-
ness is also observed.

Donor safety is of paramount of importance. 
The overall analysis of the LDLT donors shows a 
good safety profile but has a morbidity of up to 
25% [31]. Careful selection of the donors is 
important and monitoring should continue into 
the post-operative period. Additionally post- 
operative psychological outcome as well as qual-
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ity of life should be monitored. There is 
requirement of specialized patient care which is 
essential for the safety of living donors.
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25Brain Death and Organ Donation

C. Vasantha Roopan

25.1  Introduction

Organ transplantation is the only option in 
patients with end-organ failure. Renal, cardiac, 
and hepatic failures are some of the common 
end-organ failures requiring organ transplant 
with excellent outcomes and improving the sur-
vival rates and quality of life in the transplanted 
recipients. Cadaveric donors are the primary 
source of organs for these patients, particularly 
for organs like heart, lung, and cornea and for 
other organs where availability of living donor is 
scarce. Road traffic injuries are one of the leading 
ten causes of death worldwide [1] and a signifi-
cant number of them may be potential brain-dead 
donors. Therefore, diagnosing brain death and 
caring of the brain-dead donor becomes very 
important in improving the quality of the organs 
retrieved and hence the outcome and quality of 
living in the recipient.

25.2  Organ Donation in India

Different countries have their own laws govern-
ing organ donation for both living and cadaveric 
donors in accordance with local beliefs, customs, 
and demand for organs. Some countries depend 
entirely on living donors, while some depend 
entirely on deceased ones. In India, the 
Transplantation of Human Organ Act was passed 
in 1994, amended in 2008 and 2011 and updated 
in 2014. It aims at streamlining living and cadav-
eric transplants and prevent organ trafficking and 
malpractices.

In India the deceased donor organ donation 
rates is around 0.65–0.8 pmp (in the year 2016–
17) [2, 3], (Fig.  25.1). This is very low when 
compared to Spain (46.9 pmp), USA (31.96 
pmp), and UK (23.05 pmp) in the year 2017 [2], 
(Fig. 25.2). Currently in India, only 13 of the 36 
states and union territories have performed 
deceased donor organ transplants. Of these only 
5 or 6 do it on a regular basis and have a proper 
system of organ donation in place [4], (Figs. 25.3 
and 25.5]. Therefore, there is a huge gap between 
the necessity and availability of organs.
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Fig. 25.1 Deceased donor statistics of India for the year 2020. (Image courtesy: International Registry in Organ 
Donation and Transplantation—IRODaT www.irodat.org)

C. V. Roopan

http://www.irodat.org


311

USA 38,03
37,97

24,83
24,61

24,15
23,9

23,3
23,15

22,91
22,25

21,6
21,38

21,3
21,2

19,31

19,2
18,89

18,68
18
17,92

17,5
17

15,8
14,91

13,33
13,33

12,82
12,8

11,44
11,05
11

10,25
9,82

9,22
9,2

7,8

7,38
5,85

5,59

5,29
5
5
4,8

4,51
4,4
4,4

3,92
3,6
3,5
3,45

3,16
1,95

1,65
1,43
1,37

0,95
0,91
0,9
0,85
0,75
0,7
0,61
0,57
0,5
0,5
0,4
0,25
0,25
0,1
0,05

SPAIN
ESTONIA

PORTUGAL
CROATIA
AUSTRIA

CZECH REPUBLIC
FRANCE
FINLAND

SLOVENIA
ITALY

DENMARK
BELARUS
BELGIUM
CANADA

URUGUAY
NORWAY

UNITED KINGDOM
AUSTRALIA

SWEDEN
LITHUANIA

SWITZERLAND
BRAZIL

NETHERLANDS
NEW ZEALAND

ICELAND
SLOVAK REPUBLIC

IRELAND
HUNGARY

LATVIA
GERMANY

POLAND
ARGENTINA

SOUTH KOREA
ISRAEL

IRAN
CHILE

CYPRUS

HONG KONG
COSTA RICA

MALTA
LUXRMBOURG

THAILAND
CUBA

GREECE
COLOMBIA

RUSSIA
CHINA

KUWAIT
ROMANIA

TURKEY
SAUDI ARABIA

ECUADOR
TRINIDAD & TOBAGO

MEXICO
MACEDONIA

UAE
MAALAYSIA
PARAGUAY

QATAR
PANAMA

JAPAN
BULGARIA

PERU
MOLDOVA

DOMINICAN REPUBLIC

INDIA
UKRAINE
JORDAN

PHILIPPINES
WORLDWIDE ACTUAL DECEASED ORGAN DONORS 2020 (PMP)

Fig. 25.2 Worldwide actual deceased organ donors in 2020 per million population (pmp). (Image courtesy: International 
Registry in Organ Donation and Transplantation—IRODaT www.irodat.org)

25 Brain Death and Organ Donation

http://www.irodat.org


312

4000

3750

3500

3250

3050

2750

2500

2250

2000

1750

T
o
ta
l

Year

1500

1250

1000

750

500

250

0
1995

0 0 0 0 1 2 0 0 0 0 4 3
139 185120

35
132 146 11656

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4 4 3 2

221 184
7 1

214
36 2

238

0

297

66 0

544

149
2

592

210

0

637

266

0

693

279

1

1073

516

1

1531

565

4

1715

658

2

1917

803

6

2289

931

18

2025

845

3379

2930

991

29

645

53 000

Bar Chart For All Organs

Liver Kidney Heart

Fig. 25.3 Bar chart showing number of individual organ transplants performed each year in India. (Image courtesy: 
National Organ and Tissue Transplant Organization—NOTTO www.notto.gov.in)

25.3  Brain Death

25.3.1  Definition

Though almost all countries accept brain death as 
a form of death, there is no universally accepted 
definition for it. Also, the term brain death is not 
fully descriptive of the actual condition, where it 
can mean death of any part of brain like cere-
brum, cerebellum or midbrain, but the most 
important criteria to define brain death would be 
the death of midbrain. Brain stem death would 
have been a better term. Brain death can be 
defined as “the irreversible cessation of all func-
tions of the brain including brain stem.”

25.3.2  Pathophysiology of Brain 
Death [5], (Fig. 25.4)

A variable period of raised intracranial pressure 
(ICP) always precedes brain death. The resulting 
physiological responses to raised ICP are super-

imposed on the patients’ prior comorbidities and 
therapy.

25.3.3  Cardiovascular Changes

Due to raised ICP there is a variable period of 
hypertension with associated bradycardia. This is 
followed by a marked sympathetic stimulation 
due to an intense “catecholamine storm” leading 
to raised systemic vascular resistance and tachy-
cardia. These are associated with central redistri-
bution of blood volume, increased afterload, and 
visceral ischemia. The severity of changes 
depends in part on the speed of onset of brain 
death. In fact approximately 40% of the 
 brain- dead donors develop echocardiographic 
evidence of myocardial dysfunction. After the 
catecholamine storm, there is a loss of sympa-
thetic tone and peripheral vasodilatation. The 
resulting hypotension, if untreated, leads to hypo-
perfusion of all organs, including the heart, and 
may contribute to rapid donor organ loss. ECG 
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abnormalities are also common, which include 
ST and T wave changes, arrhythmias and con-
duction abnormalities.

25.3.4  Pulmonary Changes

Raised pulmonary hydrostatic pressure leads to 
pulmonary edema, which is aggravated by endo-
thelial damage due to raised levels of endogenous 
norepinephrine.

25.3.5  Endocrine, Metabolic, 
and Stress Response

Posterior pituitary function is very commonly 
lost in brain-dead donors, whereas anterior pitu-
itary function may be variably lost due to its 
extradural blood supply. The common problems 
encountered are as follows:

• Diabetes insipidus due to depletion of anti- 
diuretic hormone.

• Hypothermia: there may be a variable period 
of hyperthermia preceding it. Hypothermia is 
due to decreased metabolic activity, partly due 
to decreased TSH secretion, decreased periph-
eral conversion of T4 and intense 
vasodilation.

• Hyperglycemia due to insulin resistance and 
decreased secretion.

• Clinical picture similar to euthyroid sick syn-
drome seen in critically ill patients.

• Active inflammatory response due to media-
tors released from damaged brain producing a 
clinical picture similar to systemic inflamma-
tory response syndrome (SIRS).

• Coagulopathy and Disseminated intravascular 
coagulation (DIC) due to the release of tissue 
thromboplastin from the damaged brain.

25.3.6  Diagnosis of Brain Death

It involves the early identification of brain death 
by establishing an etiology, after exclusion of all 
reversible causes of coma and confirmation of 

brain death by neurological testing for cranial 
reflexes and apnea test.

Early identification and diagnosis of brain 
death is an essential component of management 
of brain-dead donors as

• Brain death is frequently followed by a pre-
dictable pattern of complex multi-organ 
dysfunction.

• Early identification and support of potential 
brain-dead donors improves the quality of the 
procured organ and hence the outcome.

• Active management and support of the poten-
tial brain-dead organ donors should be initi-
ated as soon as brain death is diagnosed 
irrespective of the consent. Therapy can be 
discontinued if consent is declined.

 (a) Establishing an etiology:
Conclusive proof of an etiology that can 

cause irreversible structural and functional 
damage to the brain should be identified.

 (b) Exclusion of all reversible causes of coma:
All known reversible causes of coma 

should be ruled out like
• Severe hypothermia.
• Metabolic and endocrine causes: hypo-

glycemia, hypothyroidism, panhypopitu-
itarism, severe electrolyte disturbances, 
hepatic coma, etc.)

• Poisoning or drug overdose: adequate 
time should be given for suspected drugs 
if any to clear out or antidotes be given. 
Sedation and paralysis if any, to be 
reversed.

• Cardiovascular or respiratory causes: severe 
hypotension or sleep apnea syndrome.

 (c) Neurological testing for diagnosing brain 
death:
• The patient must have a persisting 

Glasgow Coma Score of 3 demonstrating 
the functional loss of the reticular activat-
ing system and any other centers of 
consciousness.

• A formal apnea test demonstrating the 
lack of the capacity to breathe, and 
thereby the functional loss of the respira-
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tory centers located in and associated with 
the medulla oblongata. The apnea test is 
preferably carried out after the examina-
tion of brain stem reflexes.

• The cranial nerves (with the exception of 
I, II, and the spinal component of XI) 
originate in the brainstem and the demon-
stration of their functional loss confirms 
the widespread damage to the brainstem 
and by association, the reticular activating 
system and medulla oblongata. All of the 
following brainstem derived cranial nerve 
reflexes are examinable and must be dem-
onstrated to be absent:

 – Pupils should be fixed in diameter and 
unresponsive to light (Cranial Nerves 
II, III).

 – Nystagmus or any eye movement 
should not occur when each ear is 
instilled with ice cold water. Each ear-
drum should be clearly visualized 
before the test (Vestibulo–ocular 
reflex—Cranial Nerves III, IV, VI, 
VIII).

 – There should be no corneal reflex 
(Cranial Nerves V, VII).

 – There should be no facial or limb 
movement when supraorbital pressure 
is applied (Cranial Nerves V, VII).

 – There should be no gag reflex follow-
ing stimulation to the posterior phar-
ynx or cough reflex following suction 
catheter passed into the trachea 
(Cranial Nerves IX, X).

 – Oculocephalic reflex (Doll’s head eye 
phenomenon). This test must not be 
performed in patients with an unstable 
cervical spine injury. The examiner 
keeps the patient’s eyes open and the 
head is turned from the middle posi-
tion to 90 ° on both sides. When the 
reflex is intact the eyes turn opposite to 
the side of head movement as if lag-
ging behind. The reflex is absent when 
the eyes move with the head and do 
not move within the orbit. If cold 
caloric test can be performed, this test 
may be omitted.

25.3.6.1  Apnea Test [6]
This test should preferably done after the exami-
nation of brain stem reflexes. This test confirms 
the functional loss of brain stem function thereby 
confirming brain death. Before performing apnea 
test the physician should make sure the patient 
meets the prerequisites for performing the test 
namely

• Core temperature ≥36.5 °C or 97.7 °F.
• Hemodynamically stable: SBP ≥ 100 mmHg, 

with or without vasopressor/inotropic 
supports.

• Euvolemia.
• No hypoxia.
• Eucapnia.
• No prior evidence of CO2 retention (severe 

COPD, morbid obesity, etc.).

After determining that the patient meets the 
above prerequisites, apnea test is conducted.

• A baseline arterial blood gas is done to deter-
mine the baseline PCO2.

• Pre-oxygenate with 100% oxygen for at least 
10 mins to raise the PaO2 > 200 mmHg.

• Disconnect the ventilator.
• Insert an insufflation cannula through the 

endotracheal tube up to the level of carina and 
provide 100% oxygen through the cannula at a 
rate of about 6 L/min (apneic oxygenation).

• Observe closely for any respiratory efforts/
movements of the chest for a duration of 
8–10 mins.

• Abort if SBP falls below 90 mmHg or SpO2 
falls below 85% for more than 30 s or cardiac 
arrhythmia develops.

• Retry the procedure, if possible (after stabili-
zation of vital parameters) with T-piece, CPAP 
of 10 cm of H2O and 100% O2 at 12 L/min.

• If no respiratory drive is present, repeat the 
arterial blood gas after 8–10 mins.

• Apnea test is considered positive, when there 
is no respiratory effort after 8–10  mins of 
apneic oxygenation and there is a raise of 
>20 mmHg of PCO2 from the baseline or arte-
rial PCO2  ≥  60  mmHg after apneic 
oxygenation.
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• If the apnea test is inconclusive even after 
repeated attempts or is not possible then the 
ancillary diagnostic tests can be performed.

25.3.6.2  Ancillary Tests
Other confirmatory tests (also called as ancillary 
tests for brain stem death) like EEG, cerebral 
angiography, Transcranial doppler, radioisotope 
brain scanning, MRI, and MRA are not 
mandatory.

However, when the neurological examination 
and the apnea test cannot be performed due to 
hemodynamic instability, hypoxia or severe 
facial or chest trauma, EEG, and the four vessel 
cerebral angiography (considered the “gold stan-
dard”) demonstrating no blood flow to the brain 
will be useful.

In children there remains uncertainty about 
the reliability of clinical brainstem testing. In 
neonates especially, organs for transplantation 
should not be removed in the first 7 days of life 
with beating hearts. Radioisotope brain scanning 
has been recommended under the age of 1 year 
when brainstem death certification is required.

25.3.7  Clinical Observations 
Compatible 
with the Diagnosis of Brain 
Death

The following observations are compatible with 
the diagnosis of brain death and should not be 
confused for the presence of brain stem function 
(Tables 25.1 and 25.2). Brain-dead patients can 
have

• Spontaneous “spinal” movements of the limbs 
(not to be confused with a pathological flexion 
or extension response).

• Respiratory-like movements (shoulder eleva-
tion and adduction, back arching or intercostal 
expansion without significant tidal volume.

• Sweating, blushing and tachycardia.
• Normal blood pressure without pharmacologi-

cal support.

Table 25.1 Brain death guidelines [7]

Irreversible etiology
Neurologic exam
    Coma
    Brainstem reflexes absent
    Apnea test positive
Ancillary tests
    No electrical activity on EEG
     No cerebral blood flow on angiography or 

transcranial doppler
     No uptake of technetium on brain scan (“hollow 

skull phenomenon”)

Table 25.2 Apnea testing prerequisites [7]

Absence of breathing drive is tested with a CO2 
challenge. Documenting a PaCO2 increase to above 
normal is typical practice. Test requires preparation
Prerequisites
    Normotensive
    Normothermic
    Euvolemic
    Eucapnic (PCO2 35–45 mm hg)
    No hypoxia
     No prior evidence of CO2 retention (COPD, 

morbid obesity)
Procedure
   •  Adjust vasopressors so systolic blood pressure is 

100 mmHg. Pre- oxygenate for at least 10 min 
with 100% oxygen so PaO2 is200 mmHg

   •  Reduce ventilator frequency to 10 breaths/min, 
to eucapnia. Reduce PEEP to 5 cm H2O (oxygen 
desaturation with decreasing PEEP may suggest 
difficulty with apnea testing)

   •  If SpO2 remains <95%, obtain a baseline arterial 
blood analysis

   • Disconnect patient from ventilator
   •  Preserve oxygenation: Insert insufflation catheter 

through the endotracheal tube and close to the 
level of the carina, and deliver 100% O2 at 6 L/
min

   •  Watch for respiratory movements for 8–10 min. 
Respiration is defined as abdominal or chest 
excursions, and may include a brief gasp

   •  Abort if systolic blood pressure decreases to 
<90 mmHg

   •  Abort if SpO2 is <85% for >30 s. redo test with 
T-piece, CPAP of 10 cm H2O, and 100% O2 at 
12 L/min

   •  If no respiratory drive is observed, repeat arterial 
blood analysis after 8 min

   •  If respiratory movements are absent and PaCO2 
is 60 mmHg (or 20 mmHg increase in PaCO2 
over a baseline normal PaCO2) the apnea test is 
positive (i.e., supports the diagnosis of brain 
death)

   •  If the test is inconclusive but the patient is 
hemodynamically stable during the procedure, 
the test can be repeated for 10–15 min after 
another pre-oxygenation
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• Absence of diabetes insipidus (normal osmo-
lar control mechanism).

• Deep tendon reflexes.
• Babinski’s reflex.

25.3.8  Certification of Brain Death

The tests for brain stem death should be repeated 
again before certification of brain stem death. As 
per the THOA guidelines, the minimum time 
interval between the first and second testing will 
be 6 h in adults. In case of children 6–12 years of 
age, 1–5 years of age and infants, the time inter-
val shall increase depending on the opinion of the 
experts certifying brain stem death. The time of 
second declaration (Apnea test) is taken as the 
time of death of the donor (Table 25.3).

THOA recommends that of the two physicians 
certifying brain stem death, at least one should 
preferably be a neurologist or neurosurgeon. 
Both the certifying physicians should not be 
involved in any way with the care of the patient 
or the transplant program. Where neurologist/
neurosurgeon is not available, then any Surgeon 
or Physician and Anesthetist or Intensivist, nomi-
nated by Medical Administrator In-charge of the 
hospital shall be the member of the board of med-
ical experts for brain stem death certification.

THOA also recommends that once the patient 
is declared brain dead, the cost of maintaining the 
donor be borne by the prospective recipients or 
the hospital administration, which receives the 
organ for transplantation or the in house hospital 
through corpus funds. No other monetary bene-
fits should be given to the donor family and dona-
tion should be purely voluntary.

25.4  Care of the Psychological 
Issues for Organ Donor 
Family and Treating Staffs

The death of a loved one has a very devastating 
psychological and emotional effects on the kith 
and kin of the family. In addition, the treating 
staffs and physicians may develop “caregiver 
stress” due to repeated exposures of death of var-
ied reasons. All members of the caring team need 
to come together and support and care for each 
other’s stress to cope up with the situation. Also 
they should respect the donor’s family wishes 
and try to deal it with dignity. Decision to volun-
tarily donate at such times of emotional turmoil 
needs a great level of poise and this decision has 
to be respected and dealt with utmost empathy. 
The care of the family of the brain dead involves 
the role of the transplant coordinator, intensivists, 
primary physician, and social worker. Given the 
tremendous amount of emotional turmoil they 
undergo in accepting the brain death of their 
loved ones and the thought of surgical removal of 
the organs and the “mutilated” body after the 
retrieval requires lot of counseling and all the 
members of the organ procurement team play a 
great part in this. Updating them regularly and 
being in touch with them in each and every step 
of management is essential. Caring of the 
deceased organ donor can be demanding psycho-
logically both in the clinical management of the 
donor as well as in dealing with their relatives. 
Junior medical and nursing staff particularly need 
education and support for appropriate manage-
ment of the patient and also for skilled and appro-
priate communication with the relatives [8].

Table 25.3 Time interval between neurological exami-
nation and tests needed

Generally accepted minimum time 
interval between first and second 
testing for brain stem death

Confirmation of 
brain stem death 
by

Adults 6 h Clinical 
examinationa

Age: 
2 months–1 year

24 h Clinical 
examinationa 
and EEGb

Age: 
7 days–2 months

48 h Clinical 
examinationa 
and EEGb

Age: Less than 
7 days

Not 
recommended

Not 
recommended

aComa, absent brain stem reflexes and positive apnea test
bA repeat examination and EEG not necessary if a con-
comitant radionucleotide angiography demonstrates no 
visualization of arteries
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25.5  Conclusion

When the need for transplant organs is exponen-
tially increasing, corresponding wise utilization 
of the available organs becomes a necessity. For 
that a proper well-oiled machinery for donor 
identification and care is essential to improve the 
number and quality of the organs, so that even 

marginal donors can be wisely utilized without 
wastage of organs. Legislations and monitoring 
committees are an invaluable part of the system 
to curb any malpractices and keep a check on the 
system. Though India is rapidly progressing 
towards such a state still a lot has to be done to 
achieve international donor rates and utilization 
of the organs (Fig. 25.5).

ORGANISING ORGAN DONATION

CERTIFICATION OF BRAIN DEATH

CONSENT FOR ORGAN DONATION
OBTAINED FROM THE RELATIVES

INFORM TRANSPLANT
COORDINATOR

CHECK HEPATITIS B, C AND
HIV SEROLOGY OF THE

DONOR

CHECK BLOOD GROUP AND
HLA STATUS OF THE DONOR 

TRANSPLANT COORDINATOR ORGANIZES RETRIEVAL OF ORGANS.
ONLY ORGANS FOR WHICH CONSENT IS GIVEN ARE RETRIEVED

CENTRAL DATABASE OF WAITING LIST OF PATIENTS ARE
INFORMED AND BEST MATCHED PATIENTS FOUND FOR 

THE ORGAN IN THE AREA

ORGANS ALLOTTED TO VARIOUS HOSPITALS FOR
TRANSPLANTATION

Fig. 25.5 Work-flow in 
deceased organ 
procurement
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Key Points
• Diagnosing brain death and caring of 

the brain-dead donor becomes very 
important in improving the quality of 
the organs retrieved and hence the out-
come and quality of living in the 
recipient.

• There is no universally accepted defini-
tion for brain death.

• Brain death can be defined as “the irre-
versible cessation of all functions of the 
brain including brain stem”.

• The catecholamine storm associated 
with raised ICP and the associated endo-
crine and metabolic changes associated 
with brain death lead to the resultant 
pathophysiological changes seen in it.

• Early identification and diagnosis of 
brain death is an essential component of 
management of brain-dead donors.

• Confirmation of brain death is done by 
neurological testing for cranial reflexes 
and apnea test.

• If the apnea test is inconclusive even 
after repeated attempts or is not possible 
then the ancillary diagnostic tests can be 
performed.

• In children there remains uncertainty 
about the reliability of clinical brain-
stem testing.

• There are some clinical observations 
that are compatible with the diagnosis of 
brain death and should not be confused 
for the presence of brain stem function.

• Each country has its own laws and legis-
lations regarding organ donation and 
transplantation.

• In India, the Transplantation of Human 
Organ Act (THOA) was passed in 1994, 
amended in 2008 and 2011 and updated 
in 2014.

• As per THOA guidelines there is a spe-
cific time interval to be followed 
between first and second testing for 
brain death.

• THOA recommends that of the two phy-
sicians certifying brain stem death, at 
least one should preferably be a neurol-
ogist or neurosurgeon. Both the certify-
ing physicians should not be involved in 
any way with the care of the patient or 
the transplant program.
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26Donation After Circulatory Death

M. N. Chidananda Swamy

Abbreviations

CIT Cold ischaemia time
DBD Donation after brain death
DCD Donation after circulatory 

death
DWIT Donor warm ischaemia time
FWIT Functional warm ischaemia 

time
HMP Hypothermic machine 

perfusion
MP Machine perfusion
NMP Normothermic machine 

perfusion
Normothermic Ex vivo machine perfusion
NRP Normothermic regional 

perfusion
THOA Transplantation of Human 

Organs Act
WIT Warm ischaemia time

Dr. Starzl the father of Liver Transplantation 
had written that ‘what was inconceivable yes-
terday, and barely achievable today, often 
becomes routine tomorrow’.

Thomas E.  Starzl, MD, PhD, known as the 
‘Father of Transplantation’—laid the ground-

work for an entire new field of medicine. The 
above statement has been very true with regard to 
Donation after Cardiac Death (DCD).

Organ transplantation is the only option to 
improve the quality of life and improve the life 
expectancy in patients with end-stage organ fail-
ure. With advances in transplant technology, 
immunosuppression and intensive care, there is 
an ever-increasing demand for organ 
transplantation.

Suitable organs for transplantation can be 
obtained either from a living donor or a deceased 
donor. Living donor programmes pose an inher-
ent risk to the donors and a suitable matching 
donor may not always be available. Living donor 
programmes may also be a harbouring ground, 
for illegal organ trade. Organ donation can also 
be done after death either after death by the neu-
rological criteria (Donation after Brain Death 
[DBD]) or death by the cardiorespiratory criteria 
[Donation after Cardiac Death (DCD)].

In order to understand the process of DCD one 
needs to understand the definition of death which 
forms the cornerstone in understanding the legal 
aspects of organ donation by either criterion.

26.1  Definition of Death

The traditional definition of death in India, as in 
many other countries, is an ‘irreversible cessation 
of circulatory and respiratory functions’.
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In 1981, the Uniform Determination of Death 
Act was enacted in the US. It said that ‘An indi-
vidual who has sustained either (1) irreversible 
cessation of circulatory and respiratory functions 
or (2) irreversible cessation of all functions of the 
entire brain, including the brain stem, is dead. A 
determination of death must be made with 
accepted medical standards’ [1, 2].

Under Section 2(e) of The Transplantation of 
Human Organs Act, 1994, a deceased person is a 
person in whom there is a ‘permanent 
 disappearance of all evidence of life, by reason of 
brain stem death or in a cardio-pulmonary sense 
at any time after live birth has taken place’ [1, 3].

Prior to the introduction of legislation defining 
brainstem death, all deceased donor transplants 
were performed using non-heart beating donors. 
‘Non-heart beating donor (NHBD)’ was the ini-
tial terminology for these donors to differentiate 
them from brain-dead donor where the heart is 
still beating. This was later replaced by ‘Donation 
after Cardiac Death’ to include cardiac factor for 
death in the terminology.

NHBD was the very first method of organ 
donation and only kidneys were recovered due to 
a variety of limitations including surgical tech-
nique, ischemia and available methods of preser-
vation. In the present situation any organ or tissue 
including kidneys, liver, pancreas, lungs and 
hearts can all be recovered and successfully 
transplanted. Tissues such as bone, cornea, heart 
valves, veins and soft tissues have always been 
recovered from patients following pronounce-
ment of cardiac death.

With the introduction of successful cardiac 
transplantation, the terminology was changed to 
‘Donation after Circulatory Death’ (DCD) to 
reflect the correct status of heart which can still 
be viable and used.

By convention ‘Brain-Dead Donors’ have 
lost all functions of the brain, but cardiac func-
tion is intact to circulate blood to all organs and 
organ donation can be a controlled action. In 
contrast in the ‘Non-Heart Beating Donors’ cir-
culation has ceased leading to loss of blood sup-
ply to organs. Hence in this situation, organ 
retrieval must be an urgent procedure and pref-

erably within the next 60  min to preserve the 
viability of the organs proposed to be retrieved. 
There are two broad categories of non-heart 
beating donors according to the circumstances 
of cardiac arrest.

 1. Uncontrolled—Where cardiac arrest occurs 
suddenly and is unexpected. The time taken to 
retrieve organs and put them in ice (Warm 
ischaemic time) from these uncontrolled non- 
heart beating donors is prolonged.

 2. Controlled—Where elective withdrawal of 
ventilation in an end of life situation leads to 
cardiac arrest. The warm ischemia time in 
these donors is much less and can be con-
trolled, therefore are better suited for this type 
of donation [4].

The need to maximise deceased donation is 
included under the World Health Organisation 
(WHO) Guiding Principles for Human Cell, 
Tissue and Organ Transplantation (Cruzado 
WHO GP). The critical pathway (Fig.  26.1) of 
deceased donation provides a systematic 
approach to the organ donation process, consid-
ering both donation after cardiac death and dona-
tion after brain death [5].

The critical pathway as published by World 
Health Organisation (WHO) (Fig. 26.1) also pro-
vides guidelines and helps in identifying the 
challenges faced and aids in maximising deceased 
donation. It also reaffirms that the ‘Dead Donor 
Rule’ [6, 7], the requirement that organ retrieval 
must not result in the death of the patient—must 
be always respected.

The acceptance of the Harvard criteria for 
diagnosis of brain death, in 1968 and with the 
associated improvement in outcomes of organ 
transplantation led to a decline in the DCD pro-
grammes. However, with the ever-widening gap 
in the availability of organs and the patients on 
the waiting list has produced a resurgence of 
interest in DCD process. Thus, there is an essen-
tial need to understand the process of DCD and to 
address the ethical aspects thereof, and to estab-
lish proper institutional protocols and criteria for 
clinical practice [8].
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Critical pathways for organ donation

Donation after circulatory death (DCD) Donation after braindeath (DBD)

Possible deceased organ donor
A patient with a devastating brain injury or lesion or a patient with circulatory failure

and apparently medically suitable for organ donation

A person whose clinical condition is
suspected to fulfill brain death criteria.

Potential DBD donor

A medically suitable person who has
been declared dead based on neurologic
criteria as stipulated by the law of the
relevant jurisdiction.

Eligible DBD donor
Eligible DCD donor

A medically suitable person who has been
declared dead based on the irreversible
absence of circulatory and respiratory
functions as stipulated by the law of the
relevant jurisdiction, within a time frame
that enable organ recovery.

Actual DCD donor
A consented eligible donor:
A. In whom an operative incision was made
    with the intent of organ recovery for the
    purpose of transplantation. 
           or
B. From whom at least one organ was
    recovered for the purpose of
    transplantation.

Actual DBD donor
A consented eligible donor:
A. In whom an operative incision was
    made with the intent of organ recovery
    for the purpose of transplantation. 
           or
B. From whom at least one organ was
    recovered for the purpose of
    transplantation.

Utilized DCD donor
An actual donor from whom at least one
organ was transplanted.

*The “dead donor rule” must be respected That is, patients may only become donors after death, and the recovery of organs must not cause a donor’s death

Utilized DBD donor
An actual donor from whom at least one
organ was transplanted.

A. A person whose circulatory and respiratory
    functions have ceased and resuscitative
    measures are not to be attempted or 
    continued.
         or
B. A person in whom the cessation of
    circulatory and respiratory functions
    is anticipated to occur within a time
    frame that will enable organ recovery.

Potential DCD donor

Reasons why a potential donor
does not become a utilized donor

System
• Failure to identify/refer a potential or
  eligible donor
• Brain death diagnosis not confirmed
  (e.g. does not fulfill criteria) or completed
  (e.g. lack of technical resources or clinician
  to make diagnosis or perform confirmatory
  tests)
• Circulatory death not declared within the
  appropriate time frame.
• Logistical problems (e.g. no recovery team)
• Lack of appropriate recipient (e.g. child,
  blood type, serology positive)

Donor/Organ
• Medical unsuitability (e.g. serology positive,
  neoplasia)
• Haemodynamic instability/unanticipated
  cardiac arrest
• Anatomical, histological and/or functional
  abnormalities of organs
• Organs damaged during recovery
• Inadequate perfusion of organs or thrombosis

Perrmission
• Expressed intent of deceased not to be donor
• Relative’s refusal of permission for organ
  donation
• Refusal by coroner or other judicial officer to
  allow donation for forensic reasons

Treating physician
to identify/refer a potential donor

Fig. 26.1 The WHO critical pathway for organ donation [5]

26.2  Ethical and Legal Issues 
in Donation After Cardiac 
Death (DCD) [8–13]

As the numbers of patients awaiting suitable 
donor organ increases, it is imperative that dona-
tion by the DCD criteria will also increase. This 
increasing need for DCD necessitates the devel-
opment of appropriate guidelines and protocols 
and establishing professional training and educa-
tion programmes. These guidelines and protocols 
should holistically encompass the principles of 
‘end of life care’, the ‘dead donor rule’, the legal, 
ethical, moral and professional aspects of DCD 
and should be universally acceptable.

The American Society of Anaesthesiologists 
(ASA) [9, 14] ‘Statement on Controlled Organ 
Donation after Circulatory Death’ is a valuable 

resource guide for development of policies and 
procedures for controlled DCD and also to 
address the ethical issues associated with 
DCD. Accordingly, the following protocols and 
ethical guidelines concerning controlled DCD 
need to be addressed:

 1. First and foremost, the legally valid autono-
mous wishes of the patient to donate their 
organs must always be respected.

 2. The ethical principle of beneficence (to pre-
vent and remove evil or harm and do or pro-
mote good) and the ethical principle of 
nonmaleficence (not to cause harm) is 
reflected in preventing pain and suffering of 
the donor.

 (a) The principle of double effect in which 
an act that has an intended beneficial 
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effect (relieving a patient’s pain) must 
not be performed with the intention to 
cause an adverse effect (hastening death).

 3. The principle of social justice—the fair dis-
tribution of benefits and burdens to all mem-
bers of a society.

 4. The roles of the team members need to be 
well defined, to prevent any perceived, actual 
or potential conflict of interest between the 
interests of the potential DCD donor and the 
recipient.

 5. The risks and benefits of organ procurement 
and transplantation as well a complete dis-
closure of the outcomes of DCD programmes 
on organ transplant should be discussed with 
recipients and potential DCD donors or their 
surrogate decision-makers as applicable.

 6. There must be respect for the Dead Donor 
Rule [7, 8], which does not allow the pro-
curement of organs from patients who are 
not declared dead and prohibits killing 
patients for organ procurement.

 7. Informed consent must be obtained and doc-
umented in the medical record for antemor-
tem procedures performed on potential 
controlled DCD donors.

 8. Physicians whose values or religious beliefs 
do not align with the patient’s wishes may 
recuse themselves from participating in the 
care of the patient.

 9. The treating intensivist should be responsi-
ble for providing care to the potential donor, 
including administration of medications to 
ease pain and suffering without hastening the 
death, withdrawing the life sustaining ther-
apy, declaring death and recording the time 
of death. The treating intensivist should in no 
way be involved in the process of organ pro-
curement, transplantation of the organs or 
care of the recipient.

 10. The discussion on organ donation and the 
consent for the same should be made by the 
local organ procurement organisation or 
authority and separate informed consent 
should be obtained. Consent also needs to be 

obtained for any ante mortem procedures 
(cannulation, administration of medications, 
bronchoscopy, etc.) and appropriate docu-
mentation is done in the medical records 
with instructions for ‘Do not Resuscitate’ 
orders.

 11. The consent for withdrawal of life sustaining 
treatment should be independent and made 
before any consideration for organ donation 
and should be documented in the medical 
records.

 12. End of life care to the potential donor takes 
priority in providing comfort with medica-
tions (narcotics and/or sedatives before extu-
bation) without hastening the process of 
death. Also, efforts should be made to pre-
serve the privacy, dignity, and religious or 
spiritual sentiments of the donor and the 
family.

The modified Maastricht classification [15] 
(Table 26.1) most widely used to categorise DCD 
process, based on the site of death, the locations 
where DCD can be practiced depending on the 
site of death, nature of death and the type of DCD 
process applicable to each category.

Patients who have sustained significant 
neurological injuries but who do not fulfil cri-
teria for brain death can be ideal candidates 
for controlled DCD and patients with other 
diagnoses and who are under ICU care, and in 
whom a decision is made to withdraw treat-
ment. In these patients consent/authorisation 
is obtained from the family and from the 
patient also especially if a premorbid declara-
tion is in place.

Uncontrolled DCD presents separate chal-
lenges as in the control of warm ischemic injury, 
assessment of donation potential, mobilisation of 
retrieval services and approaching the family for 
consent and authorisation to proceed. Due to 
logistical reasons uncontrolled DCD is restricted 
only to kidney retrieval and limited to only trans-
plant centres or centres where a retrieval team is 
readily available.
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Table 26.1 The modified Maastricht Classification (2013) [15]

Category Circumstances
Controlled/
uncontrolled Location of care

Category-I: 
Uncontrolled

Dead on Arrival Uncontrolled ED in a transplant centre
1A. Out of Hospital Sudden cardiac arrest, unanticipated, No 

resuscitation efforts. WIT as per standard 
guidelines

1B. In Hospital

Category-II: 
Uncontrolled

Unsuccessful 
resuscitation

Uncontrolled ED in a transplant centre. Sudden cardiac arrest, 
unanticipated, Unsuccessful resuscitation efforts.

1A. Out of Hospital
1B. In Hospital

Category-III: 
Controlled

Withdrawal of life 
sustaining therapy 
(WLST)

Controlled ICU and ED in both Transplant and Nontransplant 
centres. Planned withdrawal of life sustaining 
therapy

Category-IV: 
Controlled

Cardiac arrest in a 
brain-dead donor

Uncontrolled/
Controlled

ICU in transplant centre. Sudden cardiac arrest 
while awaiting testing for brain death or 
management of potential brain-dead donor

Category-V Unexpected cardiac 
arrest in ICU patient

Uncontrolled ICU in a transplant centre

26.3  Process of DCD [15, 16]

The potential donor in DCD is the one in whom 
‘imminent death’ is anticipated. These are the 
individuals in whom death is not confirmed by 
neurological criteria, but they are maintained on 
assisted mechanical ventilation and a decision is 
made to withdraw treatment and death can hap-
pen in the next 4 h.

Donation after circulatory death involves 
removal of organs from the voluntary donor with 

residual neurological activity and thus is ineligi-
ble for donation based on neurological criteria as 
applied to donation after brain death. Patients 
with other diagnoses in whom withdrawal of 
treatment is planned may also be considered for 
DCD.  The process of donation involves with-
drawal of all life sustaining treatment and allow-
ing circulatory arrest to occur and retrieving 
organs after the mandatory short wait is  completed 
as applicable. The process of DCD is summarised 
in Fig. 26.2.
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Onset of Hypotension SBP<50mmHg; SaO2<70%

Agonal Phase; Withdrawal Phase       Asystole; No Flow; Absolute Warm Ischaemia

ORGAN RETRIEVAL

ORGAN PRESERVATION-Cannulation and Initiating perfusion

Determination of Death-Permanent Absence of Respiration and Circulation-Both
Electrical & Mechanical activity

FUNCTIONAL WARM ISCHAEMIA TIME                 NO TOUCH PERIOD

ASYSTOLE ; NO TOUCH PERIOD

CONSIDERATION FOR ORGAN DONATION
Withdraw Life Support Treatment (WLST)

Futility of treatment established Found dead-Circulatory Arrest-

Out of Hospital/ In hospital

Decision to Withdraw Life Support
Treatment (WLST)

Failed Cardiopulmonary Resuscitation 

DONATION AFTER CARDIAC DEATH
CONTROLLED UNCONTROLLED

Fig. 26.2 Process of Donation after Cardiac Death (DCD)

26.4  Acceptable Time Limits 
in DCD

Controlled DCD Uncontrolled DCD
Functional WIT starts when 
Systolic BP is below 
50 mmHg or 60 mmHg till 
cannulation and beginning of 
organ perfusion.

Warm Ischaemia 
starts from Asystole 
till cannulation and 
beginning of organ 
perfusion

Acceptable functional 
WIT < 30 min

No flow—Kidney <30 min, Liver <15 min
CPR Duration—<30 min
No touch period—2–20  min, depending on 

local institutional/national protocols
Total WIT—120–150 min
Steps of DCD are as follows (shown in 

Fig. 26.3) [8, 15–17].

 1. Discussion on futility of treatment leading to 
decision to discontinuation of treatment—this 

happens to be the most critical step and the 
trigger for further series of events culminating 
in donation of the organs.

 2. Seeking consent from the family members for 
donation. This discussion has to happen only 
after the family has consented for termination 
of the life sustaining treatment. This has to be 
undertaken by the transplant coordination 
team and the treating intensivist. At no point 
any member from the transplant team should 
be involved in either the decision to withdraw 
treatment or in the process of obtaining con-
sent for DCD.

 3. Allocation of organs to prospective recipients
 4. Management of the donor before withdrawing 

treatment—all supportive care needs to be 
continued. All measures to facilitate donation 
(like vasoactive drugs, increasing ventilatory 
support, insertion of intravenous lines) but 
without hastening death or causing harm to 
the donor can be continued.
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Potential Donor

• Adult patient in ICU-Futility of treatment established due to nature of illness
OR

• In ED -Dead on arrival, Unsuccessful resuscitation, Cardiac arrest while awaiting
  establishing brain death
• Establish medical suitability of donation,
• Futility of treatment established
• Consent for Withdrawal of Life Sustaining Treatment (WLST)

Authorisation
for

Donation

• Donor family approached by specialist staff in organ donation/Transplant Coordinator
• Consent for organ donation obtained
• Ensure haemodynamic stability till withdrawal of treatment
• Withdrawal of treatment (cardiorespiratory support) as per end of life care protocol
• Organ retrieval scheduled as per consent for various organs to be retrieved and
   ischaemic vulnerability of organs
• Withdrawal of treatment-in ICU / OR based on consent obtained, premortem
  interventions authorised

Declaration of
Death

• Establish irreversible cessation of cardiorespiratory function
  • Absence of central pulses
  • Absent heart sounds
  • Asystole on continuous ECG display
  • Absent pulsatile flow on intraarterial pressure monitoring
  • Absence of contractile function on echocardiography
  • Absence of pupillary response to light, absent motor response, to painful stimulus
• Acceptable waiting period for cessation of circulation -60 min -4 h depending on
  institutional protocols

Documentation

• Time of withdrawal of life ustaining treatment
• Time when sysolic  BP reduced below critical value (50 mmHg), Time when oxygen

saturation decrease < 70% (ONSET OF FUNCTIONAL WARM ISCHEMIA)
• No touch Period 2 -20 minutes depending on country protocols; Standard criteria
  globally -5 min
• Time of death -after mandatory NO TOUCH PERIOD, after recording of irreversibly
  absent electromechanical criteria of circulatory function.

Post mortem
interventions-

Organ preservation

• Donor shifted to OR
• Measures to minimise warm ischaemia -rapid cannulation of femoral vesslels/
  infra diaphragmatic aorta -Machine Perfusion or Standard Cold Storage
• Machine Perfusion -Normothermic Regional Perfusion /Normothermic Ex Vivo
  Machine Perfusion / Hypothermic Machine Perfusion
• Premortem cannulation of Femoral vessels, Heparinisation -Ethical and Legal
  concerns

Fig. 26.3 Summary of process of Donation after Cardiac Death (DCD)

 5. Withdrawal of life sustaining treatment 
(WLST)—Once the retrieval teams are avail-
able, withdrawal of treatment is initiated 
either in the ICU or operating room as per the 
institutional or local protocol. Withdrawal in 

the ICU is preferrable to minimise the isch-
emic time.

 6. Withdrawal process includes administration 
of sedative and opioid medications as per end 
of life care guidelines, cessation of mechani-
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cal ventilation and other medications and 
extubation. Proper documentation needs to be 
done for: (a) Time of withdrawal of treatment 
and (b) time of onset of hemodynamic insta-
bility with desaturation on pulse oximetry for 
accurate determination of the ‘Functional 
Ischaemic Time’. If lung retrieval is also 
planned, then reintubation and recruitment 
should be done only after declaration of death.

 7. Diagnosis of circulatory death—The most 
debatable point in DCD is the declaration of 
death after the cessation of circulation and 
respiration. Death should be declared at the 
earliest in a manner that is scientifically, ethi-
cally and professionally acceptable to mini-
mise the warm ischaemia time while ensuring 
that the dead donor rule is not breached. 
Towards this the globally accepted circulatory 
criteria are applied. These include continuous 
cessation of spontaneous cardiorespiratory 
efforts for 5 min to ensure that risk of autore-
suscitation has passed.

On completion of the mandatory waiting 
period, the continuous absence of circulation 
(both electrical and mechanical) needs to be 
demonstrated and documented before declaration 
of death in DCD:

 1. Absence of central pulses
 2. Absence of heart sounds
 3. Continuous Asystole on ECG display
 4. Absence of pulsatile flow on arterial pressure 

monitoring.
 5. Absence of pupillary response, corneal reflex 

and absence of any motor response to painful 
stimuli (supra orbital pressure) should also be 
documented.

The time of death is also documented in the 
medical records.

The deceased donor is then shifted to the oper-
ating room (if WLST is performed in the ICU or 
if the proposed donor is from the ED) quickly and 
with respect and dignity for the retrieval process. 
The coordinator should ensure proper communi-
cation and documentation of all timings and con-
sents with completion of WHO Safety checklist.

A variety of interventions may be necessary in 
the antemortem period to prevent, minimise, or 
reverse the ischaemic injury. These include the 
following:

 1. Efforts towards optimisation of clinical 
parameters to improve the viability of organs 
by ensuring euvolemia, haemodynamic stabil-
ity and normothermia till the time of with-
drawal of support.

 2. Ante mortem interventions as permitted under 
the local regulations of the state or institution 
(administration of heparin, steroids, vasodila-
tors, cannulation and bronchoscopy)

 3. Minimising the time interval between the 
diagnosis of death and organ retrieval (by 
withdrawing life support in the operating 
room, antemortem cannulation)

 4. Post-mortem reperfusion of particularly vul-
nerable organs like liver

 5. Early tissue typing to allow prompt identifica-
tion and mobilisation of suitable recipients.

The warm ischemia time lasts from the point 
of asystole, till the end of mandatory no touch 
period. The duration of no touch period is essen-
tial to confirm cardiac death and varies in differ-
ent countries. This mandatory no touch period is 
followed by cannulation of aorta and initiation of 
cold perfusion which is considered as the start of 
the cold ischemia time. This could vary but could 
last anywhere up to another 30–40 min.

Interventions or manoeuvres which may 
restore cerebral circulation like cardio- pulmonary 
resuscitation (CPR), full cardiopulmonary 
bypass, intubation and mechanical ventilation, 
institution of perfusion either regional or sys-
temic (ECMO), should not be permitted during 
the mandatory waiting period. If any interven-
tions are deemed necessary, complete exclusion 
of cerebral circulation must be achieved before 
instituting the modality.

The University of Wisconsin predictive tool 
(Table  26.2) [18] can be valuable in predicting 
the suitability for organ donation after cardiac 
death and predict the likelihood of death within a 
given time. Patients in the younger age group, 
non-triggered modes of ventilation, high FiO2, 
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Table 26.2 University of Wisconsin donation after car-
diac death evaluation tool [18]

Criteria
Assigned 
points

Pt. 
score

Spontaneous respirations after 10 mm
Rate >12 1
Rate <12 3
TV > 200 cm3 1
TV < 200 cm3 3
NIF < 20 3
NIF > 20 1
No spontaneous respirations 9
Vasopressors/inotropes
No vasopressors/inotropes 1
Single vasopressor/inotropes 2
Multiple vasopressors/
inotropes

3

Patient age
0–30 1
31–50 2
51+ 3
Intubation
Endotracheal tube 3
Tracheostomy 1
Oxygenation after 10 min
02 Sat >90% 1
02 Sat 80–89% 2
02 Sat <79% 3
Final score
Time from extubation to expiration

use of inotropes and a low arterial pH all indicate 
rapid circulatory collapse. Most patients consid-
ered for DCD die within 2  h of withdrawal of 
treatment. Any increase in the waiting period 
may lead to non-pursual of the retrieval and thus 
loss of suitable donor.

26.5  Ischaemia Reperfusion 
Injury (IRI) and Organ 
Preservation After DCD [15, 
17, 19–24]

Organs retrieved from DCD donors are exposed 
to greater ischaemia as compared to DBD. It is 
well accepted that the rapidly increasing demands 
for organ transplantation has led to a severe short-
age of transplantable organs. To overcome this 
deficiency, organs available by DCD, extended 

criteria donors (ECD) and marginal donors are 
being increasingly accepted. However, organs 
obtained by these procedures tolerate ischaemia 
poorly leading to increased incidence of IRI, and 
associated risk of early allograft dysfunction 
(EAD), primary non-function (PNF), poor long- 
term graft and patient survival and increased inci-
dence of biliary complications in case of liver 
transplantation. This can be seen as ‘declining 
DCD’ in up to 40% patients on the grounds 
 ‘prolonged time to asystole’ or deemed as medi-
cally unfit.

IRI is a result of the combined detrimental 
effects of (1) ischaemic period during organ 
retrieval and preservation and (2) reperfusion 
injury on transplantation. IRI is a multifactorial 
inflammatory state associated with hypoxia, met-
abolic stress, leukocyte extravasation, cellular 
death pathways and activation of the immune 
response. There is profound efflux of accumu-
lated metabolic products formed during isch-
aemia leading to a profound inflammatory 
response during reperfusion and causing cellular 
injury. This cascade of changes is common in all 
donor organs obtained by DCD or ECD and the 
severity of effects depends on the different 
organs.

Different organs have different susceptibilities 
to ischaemic injury with irreversible loss of func-
tion. All organs retrieved for transplantation by 
DCD and ECD are exposed to prolonged donor 
warm ischaemia time (DWIT). There exists sig-
nificant variation in the accepted definition and 
acceptable duration of DWIT.  In addition, the 
concept of functional DWIT (FDWIT) also needs 
to be understood. This starts once the donor phys-
iological values start decreasing below critically 
acceptable thresholds, and includes haemody-
namic instability, mandatory wait period (No 
touch period), time from incision to cannulation 
of aorta and cross clamp all of which form the 
total DWIT and affect the outcome of the indi-
vidual graft organs. The current acceptable 
thresholds include systolic blood pressure below 
50 mmHg and oxygen saturation less than 70%. 
FDWIT ends with beginning of cold perfusion or 
cross clamp. As different organs have different 
susceptibilities to warm ischaemia, specific 
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Table 26.3 Functional donor warm ischaemia time for organ retrieved by Donation after Cardiac Death (DCD) [15]

Organ

Maximum functional 
donor warm ischaemia 
time (min) Comments

Kidney 120 Kidneys obtained through DCD have higher incidence of delayed graft 
function, but long-term function is similar to those from DBD. Maximum 
acceptable time can be extended to another 120 min provided viability of 
organ can be demonstrated.

Liver 30 Acceptable outcomes seen with DCD livers but can be associated with higher 
incidence of postoperative morbidity, graft failure or biliary complications as 
compared with DBD organ.

Lung 60 Time to reinflation of the lungs (not recommencement of ventilation) is critical 
rather than the time to cold perfusion.

Pancreas 30

thresholds for individual organs are accepted. If 
these thresholds are exceeded prior to retrieval, 
then retrieval itself may be abandoned or the 
organs may be discarded if it is post retrieval. 
Hence, correct recognition and documentation of 
the onset time for FDWIT is mandatory. There 
should be facility for immediate cannulation of 
the aorta and beginning of cold perfusion. Many 
of the events associated with DWIT are nonmodi-
fiable as they occur prior to declaration of death. 
As a general rule organ retrieval time should be 
as minimum as possible, for liver it varies from 
60  min (UK) to 90  min (Netherlands). The 
acceptable FDWIT for various organs commonly 
accepted by DCD process [16] are as given in 
Table 26.3. Standardisation of acceptance criteria 
for variables such as donor BMI, Age, CIT, 
FDWIT, procurement procedure times FDWIT, 
asystole to cross clamp time are all essential to 
reduce complications and improve graft 
viability.

Standard static cold storage (SCS) [22] 
remains the gold standard in graft preservation 
for all organs. This is achieved through cooling to 
4 °C by perfusion with various organ preserving 
solutions (OPS), thus to reduce oxygen demand 
and allowing for survival of the organ in the 
hypoxic environment. IRI is a combination of 
oxidative stress, inflammatory signalling and 
structural changes contributing to poor organ 
function. The lack of perfusion during SCS leads 
to accumulation of cellular waste products, 
hypoxia induced alteration in enzymes necessary 
for breakdown of metabolic products and debris, 

release of free radicals, aggravating microvascu-
lar and parenchymal cell injury and death.

This inefficient protection of the organs by 
SCS can be the main reason for large number of 
organs being discarded in the assumption of 
doubtful viability. Adopting techniques to assess, 
preserve and recover the marginal grafts ex vivo 
could dramatically increase the pool of available 
organs. Various strategies have been recom-
mended and are being developed to help in the 
assessment, preservation and recovering the mar-
ginal organs which would have been discarded.

26.6  Machine Perfusion (MP) 
[19–24]

MP has shown the greatest potential in this aspect 
of organ preservation and various modifications 
of the same are currently being evaluated and 
applied in regular clinical practice. MP is 
expected to provide a physiological environment 
by circulation of an oxygen rich perfusate through 
the organ either through normothermia or 
 hypothermia. MP has the potential to aid in (a) 
functional assessment of the organ viability and 
prediction of post-transplant outcome and (b) 
extending preservation time and thus reducing 
ischaemic time and attenuate reperfusion injury, 
(c) allow for recovery of organs initially consid-
ered unsuitable for transplant, (d) aid in organ 
repair thus resulting in better quality organ 
retrieval and (e) extending the time between 
organ retrieval and transplantation.
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Table 26.4 Comparison of Normothermic Machine 
Perfusion (NMP) and Static Cold Storage (SCS) [21]

Factors NMP SCS
Preservation time (h) 12+ 4–6
Temperature (°C) 37 4
Oxygenation Normoxia Hypoxia
Parenchymal preservation Yes Yes
Functional evaluation Yes No
Therapeutic intervention Yes No

Various strategies for MP have been utilised 
with a variety of temperature settings. Based on 
the temperature settings MP can be classified into 
hypothermic (temp 0–12  °C), subnormothermic 
(25–34 °C) and normothermic (35–38 °C).

The typical ex  vivo MP circuit contains a 
humidified organ chamber, perfusion solution, 
reservoir for perfusion solution collection, oxy-
genator and optional leukocyte filter (used when 
blood is used as perfusion solution) connected 
via sterile tubing.

Principal components of MP used in liver 
preservation include blood reservoir, pumps 
(some circuits may comprise two pumps for 
hepatic artery and portal vein separately when 
used for liver perfusion), an oxygenator and a 
heat exchanger.

Normothermic MP (NMP) provides a near 
physiologic environment for assessing overall 

graft function, metabolic demand and viability, 
and may provide more accurate predictions for 
primary graft failure and post-transplant out-
comes. Multiple trials in both laboratory and clin-
ical setting have shown that NMP preserved grafts 
perform well, abolishing the negative effects of 
prolonged ischaemia and providing for extended 
preservation times. The probable advantages of 
NMP over SCS are as follows (Table 26.4):

26.7  Functional Assessment 
of Organs [21]

Numerous factors are of importance when con-
sidering any organ for transplant. These factors 
include but not limited to:

 1. Donor cause of death
 2. Process of Donation (DCD vs. DBD)
 3. Donor age
 4. Organ retrieval/explant time
 5. Presence of graft injury or disease.

Of particular concern is assessment of these 
organs for viability. The functional assessment of 
these organs can be facilitated by utilising MP as 
given in Table 26.5.
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Table 26.5 Evaluation of Donation after Cardiac Death (DCD) organ function and viability preserved by Normothermic 
Machine Perfusion (NMP) [21]

Organ

Proposed ischemic 
time on machine 
perfusion Assessment factors

Heart ~4 h 1.   Aortic pressure, Flow rate,
2.  Haemodynamic profile,
3.  Elevated lactate levels both arterial and venous, Noninvasive functional 

assessment,
4.  Coronary angiography,
5.  Functional echocardiographic assessment, Contrast echocardiography to 

assess coronary perfusion.
Lung ~4 h 1.  Haemodynamic stability (Pulmonary artery pressure, flow, pulmonary vascular 

resistance)
2.  Perfusate haemogas and biochemical properties (arterial blood gas (ABG) 

values, lactate levels, pH)
3.  Gross organ anatomy (weight, consolidation, oedema)
4.  Ventilation (airway pressure, dynamic compliance)

5.  Oxygenation capacity (PaO2/FiO2, ΔPO2, ΔPCO2)
6.  Bronchoscopic and radiologic visualisation
7.  Bronchoalveolar lavage (BAL) fluid and tissue biopsies for microbiology, 

metabolic and molecular analysis.
8.  Research is on to identify specific biomarkers predictive of post-transplant 

graft outcome both in laboratory animal studies and human. Increased levels 
of glucose, and pyruvate/lactate ratios can lead to pulmonary oedema and poor 
lung function. Changes in inflammatory gene expression and cytokine levels 
also been studied. However, a clear consensus is yet to be agreed upon, for 
more specific criteria capable of predicting transplant outcomes need to be 
defined.

Liver ~8–12 h Acceptable Viability criteria by MP include:
1.  Lactate levels below 2.5 mmol/L,
2.  Bile production,
3.  Acid base homeostasis,
4.  Pressure/flow parameters,
5.  Homogenous perfusion with ‘soft’ parenchymal consistency,
6.  Perfusion parameters,
7.  Perfusate properties,
8.  Perfusate pH to assess liver injury and function.
9.  Acidosis is indicative of metabolic disruption.
10.  Elevated levels of bicarbonate and Factor V indicate viable graft with 

preserved metabolic and synthetic function.
11.  Hepatocellular biomarkers include measurement of aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), glutamate 
dehydrogenase (GLDH) and beta galactosidase enzymes can also be used to 
cellular injury and death.

12.  Circulating lactate levels and lactate clearance has been used as predictive 
indicator of liver evaluation.

13.  Volume of bile produced, bile content and specific properties are more 
significant. Bile production more than 30 g in 6 h of NMP indicates good 
graft function with low perfusate transaminase and potassium levels and 
decreased venous congestion and cell necrosis.

14.  Markers of cholangiopathy are also essential, and need to be monitored.
15.  Production of alkaline bile (pH >7.5) happens to be a good marker of 

cholangiocyte function.
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26.8  Classification of Perfusion 
Techniques Based 
on Preservation Temperature 
[22]

Various strategies of MP and at different temper-
atures have been described. There are no standard 
criteria to describe the perfusion temperature or 
the technical details leading to wide variation in 
the studies. Most of these techniques have 
focused on liver perfusion but the same broad 
concepts are applicable to other organs.

26.9  Hypothermic Machine 
Perfusion (HMP) (0–12 °C)

Hypothermic MP is designed to provide perfu-
sion with perfusate temperature at 4  °C.  It has 
been well described in kidney transplantation and 
shown to improve early graft function and 
improved 1-year graft survival.

Perfusion by this technique and temperature is 
shown to reduce tissue metabolism and also 
through the preservative solution, provides the 
necessary metabolic substrates for ATP synthesis 
and removal of metabolic waste products by 
washing the parenchyma and endothelium.

Some of the proposed benefits of HMP are as 
follows:

 1. Minimisation of cold ischaemic injury
 2. Improved graft viability
 3. Protection against biliary lesions
 4. Restore mitochondrial redox activity and cel-

lular energy status
 5. Reduced inflammatory response by prevent-

ing activation of Kupffer cells, reduced activ-
ity of neutrophils and platelets during 
reperfusion.

It is considered safe technique as if the 
machine fails at any stage, the graft continues to 
be protected under the standard cold storage con-
ditions. The main disadvantage of HMP is the 
inability to have a ‘real time’ assessment of liver 
function as the liver does not produce bile during 
hypothermia.

It has been shown to be successful in provid-
ing good quality DCD grafts as compared to non- 
perfused grafts with low incidence of biliary 
strictures or early allograft dysfunction.

26.10  Midthermic Machine 
Perfusion (13–24 °C)

Perfusion at these temperatures were proposed to 
achieve a balance between the adverse effects of 
cold ischaemia and the high metabolic demands 
of normothermia. In addition, exposure to nor-
mothermic temperatures after a period of cold 
storage can result in significant risk of oxidative 
stress.

Advantages of midthermic perfusion include:

 1. Lower intravascular resistance,
 2. Better preserved microcirculation
 3. Stronger mitochondrial function
 4. Higher energy charge
 5. Better bile production.

Clinical evaluation of up to 3 h of midthermic 
(21  °C) perfusion has not shown any signs of 
liver injury or dysfunction when the grafts were 
gradually warmed to the final temperature over 
1 h, in contrast significantly improved liver func-
tion was seen.

26.11  Subnormothermic Machine 
Perfusion (25–34 °C)

Subnormothermic machine perfusion can be fea-
sible without the use of red blood cells as the 
respiratory chain activity of mitochondria is 
reduced and leading to reduced demand of cellu-
lar energy. This simplifies the procedure and 
could also reduce the costs. The benefits have 
been demonstrated in experimental setting seen 
as reduced hepatic and biliary injury, biliary 
improvements and lower serum alkaline phos-
phatase levels. Developing better preservation 
protocols have the potential to improve graft 
function from marginal donors thus increasing 
the donor pool.
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Controlled oxygenated rewarming is the most 
recent application of the perfusion machine, 
where perfusion begins at hypothermic tempera-
tures and gradually progressing to 
 subnormothermia. Controlled oxygenated 
rewarming has been shown to be beneficial in 
clinical setting also, as seen by lower aspartate 
aminotransferase levels and 100% graft and 
patient survival at 6 months post transplantation. 
Subnormothermic ex  vivo perfusion may be 
 utilised as complimentary to other preservation 
techniques. One example of this can be ‘super 
cooling’ technique. In this technique prior to 
supercooling liver is loaded with cryoprotectants 
so also after post supercooling rewarming. Livers 
are loaded with nonmetabolizable glucose deriv-
ative (3-0methyl-d-glucose). Livers are super-
cooled avoiding intracellular ice formation and at 
the end of supercooling, 3 h of subnormothermic 
perfusion was performed to achieve an adequate 
recovery period for the liver before the 
transplantation.

26.12  Normothermic Machine 
Perfusion (35–38 °C) [22–24]

Normothermic MP is designed to provide full 
physiological cellular metabolism by facilitating 
perfusion of oxygenated blood-based solutions at 
body temperature. NMP has the potential to 
restore normal metabolic physiology, recondition 
marginal organs and allow for assessment of graft 
viability. Multiple options of the NMP have been 
developed and more widely used in liver perfu-
sion and preservation. Functional markers to 
evaluate liver function include bile production 
and composition, lactate clearance, ability to 
maintain acid base balance (pH) and transami-
nases in the perfusate, glucose metabolism have 
all been recommended as surrogate markers of 
IRI, liver transplantability and graft performance 
after transplantation.

Normothermia usually refers to the physiolog-
ical body temperature, 37  °C for humans. The 
idea associated with this technique is to replicate 

the normal metabolism of the liver outside the 
body, providing oxygen and essential substrates 
in an environment of normal temperature (37 °C), 
avoiding ischaemia and hypothermia altogether. 
One main advantage of NMP is the opportunity 
to evaluate the viability of the organ before trans-
plantation by measuring the markers of hepatic 
metabolism (bile production, liver enzymes 
assay). The main difficulty is in providing suffi-
cient oxygen and other necessary substrates to 
prevent graft deterioration and bacterial contami-
nation. Typical perfusate used in NMP is com-
posed of concentrates of red blood cells, plasma 
nutrients, cofactors and insulin, antibiotics, elec-
trolytes and buffers, making NMP a complex and 
expensive procedure. Extracellular oxygen carri-
ers or oxygen carrying plasma expanders are 
being proposed as alternative to usage of human 
blood products.

NMP is associated with the following 
benefits:

 1. Mitigate the negative effects of simple cold 
storage

 2. Beneficial in defatting by the addition of phar-
macologic ‘Defatting cocktail’ which can 
stimulate lipid metabolism

 3. Ability to extend graft preservation times up 
to 20–86 h.

First multicentric randomised trial of NMP vs. 
SCS in which 170 livers from NMP were com-
pared with 164 preserved by SCS.  The study 
revealed that there was a 50% reduction in organ 
rejection and 54% longer preservation time. 
However, there was no advantage in terms of 
major outcome measures like graft or patient sur-
vival or the frequency of biliary complications. 
Favourable results in terms of length of hospital 
stay or graft survival, in rejected livers exposed to 
varying periods of cold storage have also been 
reported.

In the coming years NMP can change the con-
cept of organ preservation from being a method 
of treatment to that of repair of the organs. The 
use of these ex  vivo perfusion techniques has 
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changed the perspective of DCD transplantation 
and can act as stimulus to expand the organ 
retrieval process across all ICUs. Another out-
come of this NMP is shift of priority to that of 
organ recovery. Organ recovery leads to better 
quality grafts and increasing the possibility of 
using organs which would have been normally 
considered non viable and unsuitable for 
transplantation.

The main challenges of NMP include provid-
ing good oxygen carrying (using blood and blood 
components) without encountering problems of 
thrombus formation, vascular damage and infec-
tion. The other concern is to provide not only suf-
ficient oxygen carrying capacity but also other 
physiologic mediators (substrates and cofactors) 
essential for homeostasis in the organ ex vivo.

Normal blood can be the ideal perfusate for 
NMP but necessitates sophisticated technology 
to maintain oxygenation and adequate intravas-
cular flow, without activating circulating blood 
cells, microthrombi and associated negative 
effects on microcirculation of the organ. 
Replacing the blood with synthetic solution with 
complete range of functions as blood is another 
challenge.

26.13  Normothermic Regional 
Perfusion (NRP) [23]

NRP involves in situ perfusion of subdiaphrag-
matic abdominal organs following isolation from 
the rest of the circulation. This in situ oxygenated 
perfusion is initiated after declaration of circula-
tory death and prior to organ procurement, thus 
resuscitate the organs and restore the intracellular 
energy stores. NRP necessitates use of either car-
diopulmonary (CPB)/extra corporeal membrane 
oxygenator (ECMO) to recover the donor blood 
into a membrane oxygenator and then deliver it to 
the subdiaphragmatic aorta. This technique has 
been shown to be successful in both laboratory 
conditions and clinical usage and is being widely 
practiced in Europe and USA. The 1–2 year graft 
survival rates were more than 85.7% and 71.4%, 
respectively.

26.14  International DCD 
Programmes [7]

Many countries have actively adopted the DCD 
programme to increase the donor pool and thus 
facilitate transplantation. The methods adopted to 
determine death, the definition and duration of 
the observation period after circulatory arrest 
vary amongst each country. Similarly, the process 
of consent either ‘opt-in or opt-out’ of DCD also 
varies between nations with most nations adopt-
ing a ‘Opt-in’ registration process. Controlled 
DCD is the most common mode in UK, whereas 
France, Spain and some centres in UK follow the 
Uncontrolled DCD model. The mandatory wait-
ing period ‘NO TOUCH period’, varies accord-
ing across the different countries and varies from 
2 min in USA to maximum of 20 min in Italy, as 
against the universally accepted norm of 5 min.

26.15  Lessons from UK Success 
Story in Overcoming Ethical, 
Legal and Professional 
Challenges [25, 26]

Donation after circulatory death accounts for 
nearly 40% of all deceased donations in UK, and 
along with Netherlands they form the world lead-
ers in DCD. The predominant form of DCD in 
UK is ‘Category III-Awaiting cardiac arrest or 
the Controlled DCD’.

The number of donations by DCD has shown 
a rapid increase by 170% (200–539 donors) 
between the period from 2007 to 2012. More 
families seem to consent for DCD than DBD.

The reasons for this shift could be multifacto-
rial, but the major contributory factor is the 
attempt to resolve the ethical, legal and profes-
sional challenges inherent to DCD. In 2008, the 
Organ Donation Task force made 14 recommen-
dations, with the aim of increasing organ dona-
tion by 50% over 5 years.

Recommendation 3 of the Taskforce states 
that ‘Urgent attention is required to resolve out-
standing legal, ethical and professional issues in 
order to ensure that all clinicians are able to work 
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within a clear and unambiguous framework of 
good practice. Additionally, an independent 
UK-wide Donation Ethics Group should be 
established’.

Accordingly, in 2008 seven major ethical, 
legal and professional guidances have been pub-
lished relating to deceased donation and DCD in 
particular. This professional framework estab-
lished in UK is the strongest in the world.

In any organ donation and transplantation pro-
gramme, two key ethical, legal and professional 
principles ‘Dead Donor Rule (DDR)’ and 
‘Consenting Donor Rule’ need to be understood 
and which have been well addressed in the guide-
lines. The term DDR was introduced in 1988 by 
John Robertson and in principle states that 
‘Organs be removed only from dead patients’. 
Over the years numerous alternate interpretations 
have been made. Arthur Caplan interpretation is 
the most widely accepted and states that ‘Organs 
(vital organs) can be taken only from those who 
have been clearly, unequivocally pronounced 
dead. The limitation of such an interpretation was 
that even the minimal premortem interventions 
such as referral to an organ donation organisa-
tion, blood tests for tissue typing and virology, 
consent from the families for donation, delay in 
time and/or change of location for withdrawal of 
life sustaining treatment are not permissible for a 
successful implementation of DCD.

The ‘Consenting Donor Rule (CDR)’ 
addresses the legal standard required for consent 
for donation. Even in systems with ‘hard pre-
sumed consent’ the consent issue needs to be 
addressed by a societal or governmental decision 
rather than at an individual or the family level. In 
the UK, the Human Transplantation (Wales) Act 
2013, came into force in December 2015, and is 
applicable only to all Welsh residents above 
18  years age. This introduces the concept of 
‘Deemed Consent’ a soft form of presumed con-
sent. Under this unless a resident has opted out of 
the UK organ Donor Register their consent is 
deemed, but still the family will be approached, 
to ascertain that if the family is aware of any 
expressed objection by the individual for dona-
tion. The introduction of this ‘Opt-Out/Deemed 
Consent’ process significantly increased the 
deceased donation rates from an 18.0 pmp (per 

million population) at the introduction of the act 
in 2015 to 28.9 pmp in 2019 and the DCD rates 
had increased from 44.4% in first quarter of 2016 
to 76.5% in last quarter of 2018.

In addition, the seven guidelines (Annexure) 
published in the UK following the 2008 Task 
force recommendations to resolve the outstand-
ing legal, ethical and professional issues related 
to organ donation and as response keeping in 
view the challenges of DDR and CDR principles 
have aided in better implementation of DCD and 
its resultant success.

26.16  DCD in India [4]

DCD is not practiced in India keeping in view the 
legal permissibility as per THOA criteria. THOA 
although recognises DCD as a mode of organ 
retrieval but fail to further delineate the exact pro-
cess or the other ethical, moral and clinical 
aspects of DCD especially with regard to with-
drawal of life sustaining treatment, etc. Also, 
there are no existing protocols or guidelines 
established by any institution or organisation 
with regards to the practice of DCD. DCD in the 
present mode is seen as applicable limitedly only 
to retrieval and transplantation of tissues. DCD 
can also happen only in instances where a con-
firmed brain-dead donor develops a sudden car-
diac arrest while awaiting retrieval.

26.17  Outcomes From DCD [9]

The long-term outcomes from transplanted kid-
neys retrieved by DCD has been comparable in 
both DBD and DCD.  In case of uncontrolled 
DCD, the organ function can be assessed by 
machine perfusion and assessment performed to 
identify the unsuitable organs. Similarly, for 
liver, the long-term outcomes are comparable 
when using cardiopulmonary bypass or ex vivo 
normothermic perfusion to establish perfusion to 
reverse ischaemia. For lung transplantation from 
DCD donors although results are good especially 
when used with ex  vivo lung perfusion. Heart 
transplantation using a graft from DCD donor 
can be controversial as when death has been 
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declared on cardiac criteria and when the same 
heart is restarted.

26.18  Future Trends and Directions 
for DCD [9, 19, 24, 25]

For patients with end-stage organ failure, solid 
organ transplantation offers a cost-effective treat-
ment that increases both quality of life and life 
expectancy. There remains a discrepancy between 
the need for transplantation and the number of 
donors. This deficiency of availability of 
 transplantable organs places increasing demand 
on donation following declaration of death either 
by the neurological criteria or circulatory 
criteria.

Accordingly, there is an increasing number of 
donations happening by the DCD criteria. This 
necessitates the development of appropriate 
guidelines and protocols and establishing profes-
sional training and education programmes. These 
guidelines and protocols should holistically 
encompass the principles of ‘end of life care’, the 
‘dead donor rule’, the legal, ethical, moral and 
professional aspects of DCD and should be uni-
versally acceptable.

Theoretically, MP can simulate physiological 
condition ex vivo and aid in better preservation 
and evaluation of the graft by providing continu-
ous circulation of oxygen, essential nutrients and 
adequate ATP stores to restore normal physiol-
ogy, while flushing out metabolites and prevent-
ing their accumulation. NMP can also be costlier 
than SCS, and also be more challenging 
logistically.

Further studies will be needed to explore the 
long-term outcomes, late complications, out-
comes in specific high-risk groups, viability bio-
markers, optimum and maximum duration of 
perfusion, perfusate composition, organ specific 
directed therapeutic interventions during NMP.

Consideration for organ and tissue donation 
should be routine part of care in any ICU or 
ED. Emphasis should be placed on presumptive 
consent rather than opt in registration as exists in 
most countries, improving the quality of organs 
retrieved by permitting premortem interventions 
to minimise the warm ischaemia time, maintain-

ing cardiorespiratory stability till withdrawal of 
life sustaining treatment and implementing with-
drawal of treatment in the operating room. The 
guidelines and protocols should also include 
measures to be initiated if the death does not 
occur within the acceptable time frame for dona-
tion and the further management of the patient 
thereof.

Important Terminologies: Donation after 
Cardiac Death (DCD)
• Donation after Brain Death (DBD)
• Donation after Cardiac/Circulatory 

Death (DCD)
• Dead Donor Rule (DDR)
• Warm Ischaemia Time (WIT)
• Functional Warm Ischaemia Time 

(f-WIT)
• No-Touch Period
• Machine Perfusion (MP)
• Normothermic Regional Perfusion 

(NRP)
• Normothermic Ex Vivo Machine 

Perfusion (NMP)
• Hypothermic Machine Perfusion (HMP)

Key Points
• Donation after cardiac death (DCD) is 

becoming increasingly popular amongst 
the transplant community. This resur-
gence has been the result of increasing 
number of hopeful recipients on the 
waiting list.

• Appropriate modifications in existing 
legislations to cover areas of ethical, 
legal and professional concerns regard-
ing ethical, legal and professional stan-
dards involving DCD.

• Deemed (Presumed) consent and 
authorisation should become standard 
of care in all ICUs.

• End of life care and Organ donation 
should become a standard practice in all 
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 Annexure: Major Ethical, Legal 
and Professional Publications 
on Deceased Organ Donation, 
United Kingdom [26]

The following seven guidelines were pub-
lished in the UK following the 2008 Task force 
recommendations to resolve the outstanding 

legal, ethical and professional issues related to 
organ donation and as response keeping in 
view the challenges of dead donor rule (DDR) 
and consenting donor rule (CDR) principles 
have aided in better implementation of dona-
tion after circulatory death (DCD) and its 
success.

The seven major UK Ethical, Legal and 
Professional Publications on Deceased Organ 
Donation since 2008 include:
 1. Guidelines by Academy of Medical Royal 

Colleges, Code of Practice for the Diagnosis 
and Confirmation of Death (2008)—This 
was the revised version of the Code of Practice 
of 1976 and last amended in 1998 which pro-
vides guidance for the diagnosis of death 
using cardiorespiratory (circulatory) criteria 
as modified from neurological criteria. This 
guidance is designed to be applicable to all 
deaths, and not just diagnosis of death for the 
purpose of organ donation. This also reas-
sured the intensive care doctors involved in 
DCD when to diagnose and confirm death 
after cardiorespiratory arrest and they were 
acting as per standard guidance.

 2. Legal Guidance from all Four UK 
Jurisdictions on DCD (2009–2011)—It 
provides legal guidance to medical staff 
involved with DCD, and recognised the dif-
ference between DBD and DCD.  The 
deceased donation guidelines in the UK 
Human Tissue Act 2004, and the Human 
Tissue (Scotland) Act 2006, were not appli-
cable in patient’s hours before death and 
potential DCD. This also justified the proce-
dures related to DCD.  It also clarified that 
the present and past wishes and feelings of 
the adult should be respected in addition to 
seeking the views of the nearest relative and 
the primary carer of the adult and deciding 
when an intervention is of benefit.

The following steps were permitted to 
facilitate DCD:

 (a) Delaying withdrawal of life sustaining 
treatment

 (b) Changing the patient’s location
 (c) Maintaining physiological stability

hospitals and especially intensive care 
units.

• When considering DCD for a patient, 
care to be taken as regards the ethical, 
legal and moral principles of donation 
which itself is altruistic in nature and 
due diligence be essayed in providing 
‘end of life care’.

• The acceptance and implementation of 
DCD process should not become a 
deterrent for donations by the neurolog-
ical criteria (DBD).

• DCD grafts should not be taken as inter-
changeable with DBD grafts. The 
degree of risk associated with each 
organ offered and the recipient situation 
need to be understood and balance situ-
ation needs to be established based on 
each individual centre.

• The process of DCD places special chal-
lenges as it differs from the process of 
donation after brain death (DBD).

• The limitations of SCS in organ preser-
vation needs to be understood. As an 
alternative preservation strategy MP is 
emerging as an Ex vivo strategy to pro-
vide better solutions to protect and eval-
uate the organs before transplantation.

• NMP can provide a near normal physi-
ologic environment for overall assess-
ment of the graft function, and viability 
and predict post-transplant outcomes. 
Thus, by utilising NMP, the number of 
organs which were being discarded can 
be utilised thus improving the donor 
pool.
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It also emphasises that ‘anything that can 
harm or distress to the potential donor’ is 
unlikely to be of benefit to the patient and 
should be avoided.

 3. General Medical Council Guidance: 
‘Treatment and Care towards the End of 
Life’ (2010)—End of Life guidance was 
issued by the General Medical Council 
(GMC) in 2010. This established a duty on 
UK doctors to follow the national guidelines 
and procedures for identifying potential 
donors at the end of life and where clinically 
appropriate to notify the local transplant 
coordinator.

 4. Joint Professional Statement from the 
Intensive Care Society and the British 
Transplantation Society (2010)—This pro-
vides unambiguous professional support 
from the UK Intensive Care Society and 
more importantly provides support for 
admission to ICU purely for Organ Donation. 
This also provides guidance to intensive 
care physicians before and after patient’s 
death and also safe practice guidance for 
lung DCD with resultant increase in lung 
DCD to 16%.

 5. Joint Professional Statement from the 
College of Emergency Medicine and the 
British Transplantation Society (2011)—It 
is understood that up to 15% potential 
deceased donors come from the Emergency 
Department. This joint statement provides 
professional support for the identification of 
potential donors in the Emergency Department 
and support for managing organ donation 
from the Emergency Department itself if 
admission to ICU is not possible.

 6. Independent UK Donation Ethics 
Committee Guidance on DCD (2011)—
Established in January 2010, with support 
from all four UK governments and hosted by 
the Academy of Medical Royal Colleges, this 
provides independent advice and resolution 
on ethical aspects of organ donation and trans-
plantation. The first major publication of UK 
DEC was ethical guidance for DCD in 2011. 

This provides procedural and process ethical 
guidance for clinicians. UK DEC focuses on 
roles, responsibilities and conflicts of interest. 
Key statements by UK DEC include:

 (a) Contact between the clinical team treat-
ing the potential donor and the Specialist 
Nurse for Organ Donation (SNOD)/
Transplant coordinator before the deci-
sion is made to withdraw life-sustaining 
treatment is ethically acceptable.

 (b) SNODs should not provide medical care 
to the potential donor while they are still 
alive.

 (c) Two senior physicians, with registration 
of more than at least 5 years, and at least 
one should be a consultant should verify 
that further active treatment is no longer 
of benefit to the patient.

 (d) Care should be provided in an appropriate 
environment and by staff with appropriate 
skills and experience to deliver the end of 
life care plan.

 (e) After death, it is acceptable for the treat-
ing clinician to take necessary actions to 
facilitate donation, e.g., tracheal reintuba-
tion for lung DCD.

 7. NICE Guidance on Organ Donation 
(2011)—The 2011 NICE, Organ Donation for 
Transplantation: Improving Donor Identifica-
tion and Consent Rates for Deceased Organ 
Donation Guidance: This recommends:

 (a) A triggered referral to a SNOD if there is 
a:
• Plan to withdraw life sustaining 

treatment
• Plan to perform brain stem testing
• Catastrophic brain injury (early refer-

ral), defined as absence of one or more 
cranial nerve reflexes, and a Glasgow 
Coma Score (GCS) of 4 or less not 
explained by sedation.

 (b) While assessing the patient’s best inter-
est, the patient should be clinically stabi-
lised in an appropriate critical care setting 
while the assessment for donation is 
performed.
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 (c) A collaborative approach to the family for 
organ donation involving:
• -A specialist nurse for organ 

donation.
• -A local faith representative if 

appropriate.

These seven guidelines help in resolving the 
legal, ethical and professional issues in deceased 
donation to ensure all clinicians are supported 
and are able to work within a clear and unam-
biguous framework of good practice.
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27Management of Deceased Donor 
for Organ Donation

Seema Bhalotra and Annu Sarin Jolly

27.1  Introduction

The demand for organs from deceased donors is 
rapidly increasing all over the world. High rate of 
mortality in patients on waiting list for organs is 
clearly evident and impresses on the importance 
of strict institution of protocols and policies for 
management of a potential organ donor. It also 
emphasizes on the need for a multidisciplinary 
team approach so that all potential organs for 
transplant in the donor are maintained at their 
normal physiological condition till the time of 
retrieval to ensure the success of transplant. 
These measures will not only help in combating 
organ shortage by maximizing the organ yield 
from a donor but also ensure better graft survival 
after donation.

Early identification of a potential donor is 
very important and critical as it will lead to early 
institution of steps which can help in yield of bet-
ter quality and quantity of organs. The role of 
critical care physicians in the management of 
organ donors is very vital. It extends from the 
identification of potential donors, declaration of 
brain death, and proper medical care to yield 

good quality grafts and thereby save the lives of 
those on the waiting list. There is no single proto-
col which is accepted world over for manage-
ment of a deceased donor. Many countries have 
their own guidelines which may differ from oth-
ers by few policies and practises. On the other 
hand, there are also many countries world over 
which still have no such protocols and guidelines 
in place. This chapter aims at summarizing the 
best protocols and practices followed in India and 
world over.

The process of deceased donor management is 
complex and has well defined steps which begin 
from donor identification and end up in success-
ful organ retrieval and transplant surgery. They 
are summarized in Fig. 27.1.
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Fig. 27.1 The process of potential donor management
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27.2  Pathophysiological Changes 
Due to Brain Death

For the definition purposes a potential organ 
donor is defined by the presence of either brain 
death or a catastrophic and irreversible brain 
injury that leads to fulfilling the brain death crite-
ria [1]. It can also be defined as the irreversible 
loss of all brain functions, including the brain 
stem [2]. The brain death and the criteria to define 
it has been discussed in details in the previous 
chapter. A brief overview of the physiological 
changes due to brain death will be covered in this 
chapter as the management of the potential organ 
donor will primarily involve the use of supportive 
and therapeutic measures to reverse or mitigate 
the physiologic changes that occur after brain 
death, including potentially severe autonomic 
and inflammatory responses.

Brain has a central and primary role to play in 
the normal functioning of all the organ and organ 
systems of the body. Failure of the brain to func-
tion due to brain death is therefore a catastrophic 
physiological event which leads to significant 
deterioration in the function of various organs. 
There is loss of integrated neurological function 
and autonomic coordination and basic organ 

functions are also lost leading to cardio- 
respiratory deterioration and finally somatic 
death within days of brain death. Different clini-
cal studies have shown that there is an interrup-
tion in hypothalamic-pituitary-adrenocortical 
regulation which leads to several pathophysio-
logical alterations in haemodynamic, hormone 
balance, body temperature, and lung function [3, 
4]. There is also a massive release of proinflam-
matory and anti-inflammatory cytokines and cat-
echolamines due to the marked rise of intracranial 
pressure (ICP) secondary to the irreversible dam-
age to the brain [5].

These changes can be witnessed usually in 
two phases—the early and late phase.

The early phase of the brain death is charac-
terized by massive sympathetic outflow which is 
produced as a result of cerebral ischemia leading 
to Cushing’s reflex which is a mixed picture of 
vagal and sympathetic overactivity. When blood 
supply is further compromised there is ischemia 
of the medulla oblongata which results in com-
pensatory arterial hypertension followed with 
intense vasoconstriction, raised systemic vascu-
lar resistance, and tachycardia. This is known as 
the “catecholamine or autonomic storm” 
(Fig. 27.2).

Brain Death

Sympathetic
Activation

Cardio vascular changes-

Arrythmias/Tachycardia/Hype
rtension/Increased inotrophy 

and chronotrphy/
necrosis/apoptosis

Inflammation and immune
actuvation-ROS release/

inlammatory cell
recruitment/ cytokine

release

Endocrine changes-Hormonal
dysregulation/Inadequate

cortisol/Diabetes
insipidus/Euthyroid

syndrome/Gonadal and
carbohydrate dysregulation

Parasympathetic
Activation

Hypothermia,
hypotension

Fig. 27.2 Pathophysiological changes due to brain death
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This is the adaptive response of the dying 
brain to maintain cerebral perfusion pressure and 
the sympathetic hormones and mediators thus 
released cause central redistribution of blood vol-
ume, increased afterload, and visceral ischemia 
having a detrimental effect on the tissue perfu-
sion. If timely intervention is not done, the organs 
suffer an ischaemic insult during this phase due 
to intense vasoconstriction. The severity of injury 
is related directly with the speed of herniation. It 
has been observed that the rise in the level of cat-
echolamines is dependent upon the rate of rise in 
intracranial pressure (ICP). If the rise in ICP is 
rapid, the catecholamine can show as much as 
1000 fold elevation from baseline indicating the 
intensity of the so-called autonomic storm. This 
intense catecholamine surge can have marked 
adverse effects on the myocardium leading to 
injury, altered metabolism which is associated 
with depletion of adenosine triphosphate in the 
cardiac myocyte [6].

The early phase is followed by the late phase. 
As ischemia progress down the spinal cord, it 
impairs the function in the thoracic sympathetic 
chain with leads to severe hypotension due to 
marked reduction in afterload. The loss of auto-
nomic tone results in profound vasodilatation and 
reduced supply to the organs. This reduced tissue 
perfusion can compromise the functioning of the 

various transplantable organs. Temperature 
changes and endocrine dysfunction is also seen 
due to ischaemic damage to the hypothalamus 
and pituitary. The mechanisms of these changes 
are not very well understood.

27.3  Approach to a Patient 
with Brain Death

Studies have revealed that if there is a delay in 
management of a donor it may lead to the loss of 
10–20% of potential donor tissues due to the 
rapid progression from brain death to somatic 
death in them. Timely treatment of the donor is 
thus very crucial [1]. Therefore, institution of 
strict organ-protective intensive care strategies is 
the first step towards a successful transplant and 
in the treatment of the future organ recipient [3]. 
The care of the brain-dead donor is often difficult 
and complex. It may extend over several hours or 
even days.

The principles behind management of a 
deceased donor are maintaining haemodynamic 
stability and homeostasis thereby optimizing 
organ perfusion till they are retrieved (Fig. 27.3). 
Thus a successful organ donation may involve 
maintaining the hemodynamic variables and labo-
ratory parameters within the normal ranges which 

1.Optimizing the
cardiopulmonary and endocrine 

systems 

2.To restore optimal circulating
intravascular volume

Maximizing the viability and
function of procured organs

Normalize electrolyte and
metabolic imbalances

Maintain hemodynamics to
promote adequate perfusion

and oxygenation of donor
organs 

Deceased donor
Management 

involves

Fig. 27.3 The 
principles of donor 
management
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becomes a challenge due to the pathophysiological 
changes which occur due to the deceased brain.

A detailed assessment and evaluation of the 
donor is required. Care should be immediately 
initiated once we identify a potential donor as 
delay in initiation of proper management can ren-
der the organs non transplantable. A detailed 
medical history and complete physical examina-
tion is must to identify any comorbidities which 
can be optimized or any other systemic condi-
tions which can act as a contraindication to the 
transplant of a particular organ or the patient as 
such. A thorough review of the patients cause of 
brain death and details of the hospital stay should 
be done to note the events or parameters which 
might affect our decision to retrieve the organs. 
Besides these general criteria, it is important to 
determine the intrinsic function of the organs to 
be transplanted and to ascertain that the illness 
has not impaired these organs irreversibly so an 
array of general and organ specific investigations 
should be carried out. It is also mandatory to 
screen for sepsis and malignancy. Once brain 
death is declared and authorization from the fam-
ily for donation is obtained the transplant team is 
intimated.

27.4  General Care and Monitoring

A brain-dead person requires the same regular 
nursing care as any other patient in the intensive 
care unit. The regular routine nursing care can be 
summarized into Table 27.1.

These patients need meticulous monitoring as 
they are prone to organ dysfunction, electrolyte, 
and metabolic changes due to the systemic effects 
of brain death. The routine monitoring includes 
electrocardiography (ECG), blood pressure (BP), 
pulse oximetry, core temperature, urine output, 
and central venous pressure. Special monitoring 
to be instituted includes the following.

• Arterial line insertion for beat to beat BP and 
arterial blood gas monitoring (ABG)

• Use of a Swan-Ganz catheter for measurement 
of pulmonary capillary wedge pressure and 
pulmonary venous oximetry in case of unsta-

ble donors, who have persistent acidosis with 
evidence of tissue hypoperfusion

• Central venous pressure (CVP) monitoring to 
guide fluid administration

• Cardiac output (CO) and stroke volume varia-
tion (SVV) monitoring if available

The upper extremities are preferred for inser-
tion of arterial and central venous lines as during 
the time of organ harvesting the femoral line 
readings can become inaccurate.

Previous laboratory parameters of the patient 
should be meticulously seen for abnormal values 
and trends. The parameters to be routinely moni-
tored include the following:

• Blood chemistry- Complete blood count 
(CBC), liver function test (LFT), renal func-
tion test (RFT)

• Coagulation profile- Prothrombin time (PT), 
Activated partial thromboplastin time (APTT)

• Urine -Routine analysis and culture
• Blood group -Type and crossmatch
• Sputum - Gram stain and Culture
• Chest X-ray (CXR)
• Arterial blood gas analysis (ABG)
• Electrocardiography (ECG)
• Echocardiography (ECHO)

Table 27.1 General care of a deceased donor

Category Recommendation
General 
management

Central line insertion and 
monitoring
Arterial line insertion and 
monitoring
Nasogastric tube insertion
Foley’s catheter insertion
Care of all lines and endotracheal 
tube, to be changed as per protocol
Head of the bed at 30–40° elevation
Regular position change side to side
Warming blankets and warm fluids 
to maintain body temperature >35
Pneumatic compression device for 
preventing deep vein thrombosis
Eye protection
Tracheal suctioning at frequent 
intervals
Ulcer prophylaxis
Broad spectrum antibiotics
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• Serum electrolyte
• Microbiological screening for hepatitis B, 

hepatitis C, HIV
• Cultures of blood and urine may be required, 

if there is evidence of infection or if the patient 
is hospitalized for more than 72 h [7]

• Some additional tests may be required for 
multiorgan donors e.g. bronchoscopy for lung 
transplantation.

Apart from the basic investigations some other 
laboratory parameters may require monitoring at 
frequent intervals for depending upon the condi-
tion and requirement of the patient, for example, 
ABG, chest X-ray, serum electrolytes, blood glu-
cose levels, etc. (Pictures 27.1 and 27.2).

Picture 27.1 Central venous line insertion

Picture 27.2 Cardiac output monitors
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27.5  Specific Management

The process of preparation and maintenance of a 
deceased donor for organ retrieval is not a simple 
task as it requires balancing the interventions 
needed for the successful preservation of multi-
ple organs. Interventions that improve the func-
tion of one organ may be detrimental to the 
function of other organs [8]. A very precarious 
balance has to be maintained while managing the 
donor so that the quality and quantity of the 
organs retrieved is not compromised. Each organ 
specific transplant team has their own stringent 
requirement. Where on one hand the renal trans-
plant team would prefer the donor to be well 

hydrated and have good diuresis the team 
involved with harvesting the heart, lungs, liver, 
and pancreas would not prefer or permit aggres-
sive hydration as it may lead to tissue oedema 
that may jeopardize the transplantability of these 
organs. There are studies which suggest that the 
restrictive fluid balance approach which is actu-
ally intended to improve lung graft function and 
viability has no substantial detrimental effect on 
the renal graft procurement or its function after 
transplant [9].

The rampant pathophysiological changes 
determine the management process. The inci-
dence of these changes are mentioned in 
Table 27.2.

S. No. Pathophysiological changes Incidence
1. Hypotension 80
2. Diabetes insipidus 60
3. Disseminated intravascular 

coagulation
30

4. Cardiac arrythmias 30
5. Pulmonary oedema 20
6. Acidosis 10

Table 27.2 Pathophysiological 
changes after brain death

S. Bhalotra and A. S. Jolly



349

27.6  Cardiovascular Support

The goals in the management include the 
following:

• Maintenance of BP avoiding both hyperten-
sion and hypotension

• Optimizing the fluid management and to 
maintain normovolemia

• Maintenance of organ perfusion by optimiz-
ing cardiac output (CO)

• Minimize use of vasoactive agents

The haemodynamic parameters which are 
aimed at while providing cardiovascular support 
to these patients are mentioned in Table 27.3.

27.6.1  Hypotension

It has been observed that around 80–95% of 
brain-dead organ donors experience hypoten-
sion as the most common hemodynamic abnor-
mality. It may lead to hypoperfusion of all 
organs including the heart. If proper treatment 
is not started timely, it may lead to rapid donor 
loss [10]. There are multiple factors which can 
be blamed for it which include damage to vaso-
motor centre, hypovolaemia, myocardial dys-
function, and endocrine failure. Additional 
factors which may contribute to hypotension 
include excessive use of osmotic diuretics, 
hyperglycaemia-induced osmotic diuresis, dia-
betes insipidus (DI), inadequate fluid resusci-
tation, ongoing haemorrhage due to trauma or 
coagulopathy, hypothermic “cold” diuresis and 

relative adrenal insufficiency which may occur 
as a consequence of trauma, and critical ill-
nesses [1].

Management includes checking for signs of 
any ongoing bleeding. Medications that may con-
tribute towards hypotension, for example, anti- 
hypertensive drugs or diuretics should be avoided 
or wisely used. Three management strategies are 
commonly adopted and are instituted depending 
on the patient’s clinical response. to them. These 
strategies include the following.

• Fluid resuscitation and volume expansion
• Vasopressors and inotropes
• Hormonal replacement

Fluid resuscitation is the cornerstone therapy 
for management of hypotension. The choice and 
selection of fluid whether colloid or crystalloid 
and which crystalloid or colloid is best still 
remains a matter of debate. There is no consensus 
on the appropriate fluid management therefore 
different centres all over the world have their 
local preferences in the use of crystalloids and 
colloids. However, the decision for fluid selection 
should be considered based on certain laboratory 
and haemodynamic parameters which include 
serum electrolytes, blood glucose levels, esti-
mated volume deficiency, haematocrit and hae-
moglobin levels of the patient, and the polyuria 
from central diabetes insipidus.

The aim is to meet the haemodynamic goals 
while maintaining a haematocrit of around 
25–30% or haemoglobin level of about 10 gm/dl 
and normal serum electrolyte and blood glucose 
levels in an effort to improve the compromised 

Table 27.3 Haemodynamic goals

S. No. Parameter Desired goal
1. Heart rate/rhythm 60–100 beats/min/sinus
2. Mean arterial blood pressure (MAP) 60–80 mm of Hg
3. Central venous pressure (CVP) 4–6 mm of Hg
4. Pulmonary artery occlusion pressure (PAOP) 10–15
5. Left ventricular ejection fraction (LVEF) >45%
6. Urine output >/=1 ml/kg/h
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microcirculation and tissue perfusion [11]. Two 
important aspects of fluid resuscitation are the 
choice of fluid and monitoring

27.6.1.1  Fluid
As hypernatremia is a very common finding and 
leads to reduced graft function it has been recom-
mended to use crystalloids with balanced salt 
content to avoid it.

• 0.9% normal saline solution is seen to cause 
hyperchloremic acidosis when used for fluid 
resuscitation. It also increases renal vascular 
resistance and confounds base excess so is 
best avoided.

• 5% dextrose if used excessively is seen to 
worsen hyperglycaemia.

• 0.45% or half normal saline and lactated 
Ringer’s solution are frequently used [12].

• Colloids, such as hydroxyethyl starches, need 
to be avoided in organ donors. They are seen 
to cause early graft dysfunction by damaging 
the renal epithelial cells [12].

• 4% and 20% albumin solutions can be used. It 
helps in reducing the fluid administration but 

because of the high sodium content these solu-
tions are only moderately effective [12].

• Lactated Ringer’s solution, lactate free solu-
tions like plasmaLyte or half-normal saline 
solution (0.45%), with the addition of sodium 
bicarbonate at 50 mmol/L, can be given if the 
donor has acidosis. It reduces the incidence of 
hypernatremia in the donors.

27.6.1.2  Monitoring
The volume status of the patient and the response 
to therapy can be judged by appropriate and 
sophisticated hemodynamic monitors available 
[8]. Serial or continuous measurements of central 
venous pressure, pulmonary arterial obstructive 
pressure, stroke volume, CO, cardiac index, and 
mixed venous oxygen saturation and stroke vol-
ume variation should also be meticulously done 
[8]. If fluid resuscitation and volume replacement 
is not effective in achieving haemodynamic sta-
bility, vasoactive drugs are given. Fluid therapy, 
pressor agents such as epinephrine and norepi-
nephrine and dopamine, dobutamine can be 
added depending on the values of CVP, PAOP, 
SVR, and CI as shown in Fig. 27.4.

Haemodynamic stability not achieved with fluid resuscitation

Haemodynamic stability not achieved with inotropes 

No response initiate hormonal therapy 

Haemodynamic goals
MAP≥60

Urine output≥1 ml/kg/hr
CVP-4-6

LVEF>45%

Add inotropes
Dopamine

Dobutamine

Pulmonary artery catheterization
Aim to maintain

Pulmonary capillary occlusion pressure=8-12 mm of Hg
Systemic vascular resiatance(SVR)-800-1200dynes/cm3

Cardia index= or > 2.4l/min/m2↓

Fig. 27.4 Flow chart of 
management of 
haemodynamic 
instability
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Vasopressor therapy—There is no pre-
scribed best inotrope or pressor agents in these 
patients [13]. The donors will require vasopres-
sor therapy when adequate fluid resuscitation 
does not help to restore haemodynamics. 
Approximately 80–90% of donors require inotro-
pic and/or vasopressor support [14]. There is no 
world over consensus on the choice of vasopres-
sor to be used. There are very few retrospective 
studies regarding the selection of catecholamines 
for use in organ-protective intensive care [15]. 
Noradrenaline, adrenaline, vasopressin, dopa-
mine, and dobutamine are being used solely or in 
combination in accordance to the protocol of the 
institution.

Dopamine has been the first choice in many 
centres followed by dobutamine and isoprotere-
nol. It is advisable to administer in doses less 
than 10 μg/kg/min as higher infusion rates can 
result in an increase in the incidence of acute 
tubular necrosis. It can also cause decrease in the 
perfusion of other organs due to splanchnic vaso-
constriction [16]. Many transplant teams prefer 
not to use it as dopamine causes presynaptic 
modulation of norepinephrine release and a pro-
longed dopamine infusions may cause depletion 
of norepinephrine stores in the heart, possibly 
resulting in myocardial dysfunction after 
transplantation.

Dobutamine and isoproterenol are considered 
second line agents because of peripheral vasodi-
latation and poor tolerability [17]. Failure to 
achieve the target MAP and haemodynamic goals 
in the scenario of severe systemic vasodilatation 
warrants the use of norepinephrine (0.5–2.5 μg/
kg/min) or epinephrine (2–4 μg/min). Vasopressin 
has also been used in such cases where there is 
severe catecholamine depletion.

Hormone resuscitation—If hypotension per-
sists despite fluid loading and optimum dose of 
vasopressors and inotropes, hormonal resuscita-
tion with methylprednisolone, triiodothyronine 
(T3) and vasopressin is instituted. The use of 
these three hormones is referred to as the triple 
therapy or hormonal resuscitation therapy. The 
use of triple therapy remains controversial. There 
are a number of studies which advocate the use of 

this therapy as it is found to improve both hemo-
dynamic stability in brain-dead patients, as well 
as the quality of the procured organs [18].

In a 10  year data analysis conducted by the 
United Network for Organ Sharing (UNOS) vari-
ous hormone replacement modalities were evalu-
ated and it was found that the combination of a 
thyroid hormone, corticosteroid, insulin, and an 
antidiuretic hormone had the most promising 
results in multiple organ procurement [19]. 
Hormone replacement therapy may be initiated if 
hemodynamic goals are not met and/or the left ven-
tricular ejection fraction remains less than 45% [8].

The recommended replacements are:

 1. Vasopressin: 1 U bolus followed by an infu-
sion of 0.5–4.0 U/h,

 2. Methylprednisolone: 15  mg/kg immediately 
after the diagnosis of brain death and every 
24 h afterwards.

 3. Insulin infusion to maintain blood glucose 
levels between 80 and 150 mg,

 4. Thyroxine (T4; 20 μg bolus) followed by infu-
sions of 10 μg/h T3, administered as a 4 μg 
bolus, followed by infusion of 3  μg/h T4 
improves hemodynamic status and prevents 
cardiovascular collapse in hemodynamically 
unstable organ donors.

27.6.2  Hypertension

Autonomic storm is usually short lived and is 
seen due to marked rise in ICP.  It occurs at the 
time of brain stem herniation and leads to marked 
vasoconstriction causing severe hypertension, 
multiple tachyarrhythmias, and ischemic 
changes. Treatment is not required in most of the 
cases. In case one needs to lower the blood pres-
sure or control the heart rate short acting agents 
are preferred. Anti-hypertensive like sodium 
nitroprusside and rapidly reversible β-adrenergic 
antagonists like esmolol are used. To control the 
arrythmias antiarrhythmics like lidocaine should 
be considered. Long acting agents are best 
avoided as it is difficult to titrate them and they 
have a negative inotropic effects [20].
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27.6.3  Arrythmias

Atrial and ventricular arrhythmias and conduc-
tion defects are very often witnessed in a deceased 
donor. The causes of these arrythmias are multi-
factorial. They can occur because of hypotension 
with myocardial ischemia,electrolyte and arterial 
blood gas (ABG) disorders, hypothermia, inotro-
pes infusion, and increased ICP [21]. They should 
be diagnosed and treated promptly. Prevention is 
the best policy and can be done by closely moni-
toring and maintain the electrolytes, BP, fluid 
volume, and body temperature within the accept-
able range.

Treatment of arrythmias involves use of drugs 
like amiodarone or cardioversion. In case of 
bradyarrhythmia atropine is not useful and so 
drugs like adrenaline, isoprenaline are used. 
Pacing may be effective in refractory cases. The 
terminal arrythmia of these patients is resistant to 
therapy and requires use of cardiopulmonary 
resuscitation.

27.7  Respiratory Care 
and Ventilatory Support

Respiratory support forms an essential part of 
donor management. It involves:

• Maintaining adequate oxygenation by effec-
tive lung protective ventilatory strategies

• Vigorous tracheobronchial toilet and frequent 
suctioning

• Institution of all sterile precautions
• Head up positioning
• Pressure control ventilation or volume limited 

ventilation is generally the preferred mode of 
ventilation

• Recruitment maneuverers to be done 
frequently

• Minimize lung water by adequate hydration 
strategies

• Intensive chest physiotherapy with hourly 
gentle inflation of lungs and 2 hourly side-to- 
side turning

• Chest X-ray and ABG analysis as and when 
required

• Broad spectrum antibiotics

The goals of the standard management can be 
summarized in Table 27.4.

It has been found that the two main causes of 
hypoxemia which can render the lung non- 
transplantable are atelectasis and excessive fluid 
resuscitation. Proper use of alveolar recruitment 
strategies can help in treating atelectasis. 
Ventilatory support should be applied judiciously 
so as not to cause barotrauma to the lungs or 
affect the cardiac output thereby prevent compli-
cations and improve the organ yield.

Pulmonary oedema is very commonly seen in 
organ donors and the cause can be fluid overload, 
secondary to aspiration, cardiogenic or neuro-
genic. Treatment is generally supportive and 
involves judicious use of fluids with proper 
monitoring.

S. No. Goals
1. Tidal volume- volumes of 6–8 ml/kg
2. FiO < 0.6 or lowest possible FiO2 to maintain SpO2 > 92% & 

PaO2 > 70 mm of Hg
3. Maintenance of normocapnia (PaCO2 ~ 30–35)
4. PaO2 > 70 with minimum FiO2

5. SaO > 95%
6. PEEP < 5 cm H2O adjusted to maintain PaO2 > 70 mm of Hg
7. Plateau pressure (<35 cm H2O), peak pressure <40 cm of H2O

Table 27.4 Ventilatory goals
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27.8  Acid-Base Balance

Respiratory alkalosis secondary to mechanical 
hyperventilation is a common finding in 
deceased donors. It may occur due to institution 
of hyperventilation as a part of treatment proto-
col for elevated ICP. Lactic metabolic acidosis 
due to dehydration or tissue ischaemia may be 
another cause. It has a deleterious effect on tis-
sue oxygen delivery. Treatment involves adjust-
ing the ventilatory parameters and if it does not 
improve use of pharmacological agents is advo-
cated to correct the calculated acid-base 
deficit.

27.9  Renal Support

Adequate systemic perfusion pressure and proper 
hydration are essential to maintain renal blood 
flow. A urine output (>1–2  ml/kg/h) is the pri-
mary goal in renal management of a deceased 
donor. This can be achieved by preventing hae-
modynamic instability using intensive monitor-
ing and rapid action protocol.

Minimizing the use of vasopressors and ade-
quate volume loading can contribute to good 
renal allograft function. If urine output falls 
despite of adequate volume loading, diuretic 
therapy should be used. Use of nephrotoxic drugs 
like aminoglycosides and agents that adversely 
affect renal perfusion like the NSAIDs should be 
avoided.

27.10  Endocrine Dysfunction

27.10.1  Central Diabetes Insipidus 
(CDI)

70% of the deceased donors develop CDI.  It 
occurs due to inadequate amount of ADH secre-
tion from the posterior pituitary. It leads to poly-
uria which causes obligatory loss of fluid and 
electrolytes from the body and needs aggressive 
management to prevent haemodynamic instabil-
ity and electrolyte imbalance. The diagnostic cri-
teria of this condition includes the following:

• Presence of polyuria (urine output >3–4  ml/
kg/h),

• Hypernatremia (S.Na ≥150 mmol/L),
• Hyperosmolality (≥310 mOsm/L), and
• Low urine osmolality or inappropriately 

diluted urine (urine osmolality <300 mOsm/L).

The management of this condition requires 
the following.

 1. Monitoring of urine output, serum electro-
lytes, glucose, and urinary electrolytes.

 2. If urine output exceeds 300 ml/h or 4 ml/kg/h, 
desmopressin should be given. It is used in the 
dose of 1–4 μg 8–12 h.

 3. Desmopressin is a synthetic analogue of vaso-
pressin. It has enhanced antidiuretic potency, 
greatly diminished pressor activity and pro-
longed half-life as compared to Vasopressin.

 4. Therapy is to be titrated to bring the urine out-
put to ≤2 ml/kg/h.

 5. Adequate volume replacement depending 
upon the urine output.

 6. Maintain Na+  ≤  155  mmol/lt with use of 
sodium free or low sodium intravenous fluids 
like 5% dextrose and N/2 saline.

 7. Vasopressin in the dose of 1 U bolus and 0.5–
4.0  U.h−1 infusion can be used in case of 
refractory hypotension (Table 27.5).

The common practice in CDI is to replace the 
previous hour’s urine output with a hypotonic 
fluid. 5% Dextrose in 0.45% Normal saline is 
mostly administered. It is essential to closely 
monitor the serum electrolytes, especially serum 

Table 27.5 Difference between desmopressin and 
vasopressin

Desmopressin Vasopressin
Mild diuretic: 
Pressor = 2000–4000:1
Acts selectively on V2 
receptors

Diuretic: Pressor = 1: 1
Acts on V1/V2 receptors

Long duration of action 
(6–24 h)

Short duration of action

Intra venous dose 2–6 μg 
6 hourly

Dose-1 U IV bolus 
followed by 0.5–4 U/h

Intra nasal dose: 5–40 μg 
BD

No administration by 
intranasal route
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sodium as hypernatremia has been found to be a 
risk factor for delayed or primary nonfunction of 
grafted organs.

27.10.2  Hyperglycaemia

Hyperglycaemia is a very common finding in 
brain-dead donors. It may be occur due to

• Stress,
• Catecholamine-induced insulin resistance,
• Steroid administration for treatment of cere-

bral oedema,
• Infusion of large amounts of dextrose- 

containing IV fluids.

Hyperglycaemia needs immediate treatment 
with insulin as it leads to osmotic diuresis and 
electrolyte disturbances. The aim of treatment 
should be to keep blood glucose between 120 and 
180 mg/dl.

27.10.3  Thyroid Dysfunction

Rapid decline in T3 and ê TSH secretion is seen 
and it leads to:

• Decreased mitochondrial function and thus 
energy production

• Cardiac instability
• Labile blood pressure
• Anaerobic metabolism and acidosis

Studies have shown that the use of T3  in a 
deceased donor improves tissue and organ perfu-
sion by improving the arterial BP. It also increases 
the left ventricular function and thereby the car-
diac output. Replacement of thyroid hormones 
have shown to decrease the inotrope requirement 
in brain-dead donors. Thyroid hormone supple-
mentation can be done in three forms. These 
include:

 1. Intravenous T3 hormone administration –This 
form is found to be better and more potent; it 

has a faster onset and a shorter duration of 
action (1.5 days). It is given as a bolus of 4 μg 
followed by an infusion given at a rate of at 
3 μg/h

 2. Intravenous levothyroxine administration - It 
is given in the dose of 20 μg bolus followed by 
an infusion given at a rate of 10 μg/h

 3. Tab Thyroxine can also be given in case of 
nonavailability of intravenous preparation in a 
dose of 50–100  μg through the nasogastric 
tube.

27.10.4  Cortisol Replacement Is 
Must. It Is Vital 
to Administer It as It

• Improves donor organ function and graft 
survival

• Increase tissue oxygenation and donor lung 
recovery

• Attenuates the effect of proinflammatory cyto-
kinin’s released as a consequence of brain 
death [22]

• Recommended by UNOS
• Methylprednisolone is usually administered in 

the dose of 15–20 mg/kg. The use of methyl-
prednisolone in brain-dead donors leads to 
improved short- and long-term outcomes for 
most transplanted organs. It improved oxy-
genation and reduces extravascular lung water 
thereby increasing the lung yield. It also 
reduces inflammation in the liver, heart, and 
kidney [23].

27.11  Temperature Regulation

The body becomes poikilothermic due to the loss 
of functioning of the thalamic and hypothalamic 
temperature regulation centre. This problem is 
further aggravated by systemic vasodilatation, 
administration of cold intravenous fluids, and 
blood products. Hypothermia has detrimental 
effects on the donor. It can not only preclude the 
certification of brain death but also lead to arryth-
mias due to cardiac irritability, coagulopathy and 
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Picture 27.3 Temperature 
maintained devices.  
(1) Hot air blanket (2) Fluid 
warmer

reduce oxygen delivery to tissues. As per guide-
lines the donor core temperature must be main-
tained ≥34 °C. Active measures must be taken to 
prevent hypothermia like using warming IV flu-
ids, humidified, heated ventilator gases, and 
warming blankets and mattress. Convincing evi-
dence suggests that mild therapeutic hypothermia 
of the donor can be adopted to reduce delayed 
graft function especially in the renal transplant 
recipient (Picture 27.3).

27.12  Coagulation System

Coagulopathy and disseminated intravascular 
coagulation (DIC) are often seen in brain-dead 
donors. The incidence is higher in head injury 
patients and is seen to occur due to release of 
thromboplastin from the injured brain [7]. 
Coagulopathy may result from various other 
causes like hypothermia, dilutional coagulopa-
thy due to large volume resuscitation and mas-
sive blood transfusion. Treatment involves 
transfusion of appropriate blood components if 

the patient has clinically significant bleeding. 
Antifibrinolytic agents like Epsilon aminoca-
proic acid (EACA) are not used in organ 
donors, due to their potential of inducing 
microvascular thrombosis. This can render the 
organs potentially unsuitable for transplanta-
tion [20].

27.13  Infectious Disease 
Protection

The diagnosis of sepsis may be difficult in brain 
death. The signs of sepsis like elevated leukocyte 
count and tachycardia are non-specific and due to 
hypothalamic dysfunction the patient may not 
have fever. Antimicrobial therapy should be given 
based on the results of the various gram staining 
or cultures done. Nephrotoxic antimicrobials 
should be completely avoided. Preventive mea-
sures like having strict asepsis protocols, main-
taining pulmonary hygiene, care of all invasive 
lines and catheters should be religiously 
followed.

27 Management of Deceased Donor for Organ Donation
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27.14  Management of Nutrition

Nutrition should be continued based on standard 
ICU protocols. Enteral feeding should be insti-
tuted early as it has been found to have beneficial 
effects on organ functioning.

27.15  Ischaemia-Reperfusion 
Injury

Organ dysfunction induced by ischemia reperfu-
sion injury is commonly witnessed in brain-dead 

patients. This occurs due to the low flow associ-
ated with severe vasoconstriction during the 
autonomic storm, followed by vasodilatation and 
reflow. Moreover it has been found that there is 
up-regulation of inflammatory cytokines and 
widespread microvascular and endothelial 
changes in these patients which may contribute to 
the injury mechanism [24]. Use of cytoprotective 
strategies with high dose steroids, N acetylcyste-
ine, and p-selectine inhibitors has shown to 
improve short- and long-term recipient organ 
function. The donor management protocol can be 
summed up in Table 27.6.

Table 27.6 Treatment Protocol for Donor Management

S. No. Condition Recommendation
1. Hypertension Short acting anti-hypertensive drugs
2. Hypotension Restore circulatory volume and use vasoactive agents

No response start hormonal therapy
3A Fluids Balanced crystalloid solution should be used

0.45% saline /lactated ringer preferred
Avoid synthetic starch solutions
4%/20% albumin solution can be used
Avoid excess volume loading

3B Vasopressors Norepinephrine/vasopressin/dopamine
3C Blood and blood 

products
Consider need for blood, plasma, platelets to correct coagulopathy if there 
is active bleeding.
Aim to keep Hb >10 g/dl

4. Electrolytes
Serum sodium(Na) Try to keep Na <150 meq/l, If Na levels are<150- use N/2 saline or 5% 

dextrose to reduce the levels
Serum potassium(K) K 3.5–4.5 mmol/L (target)

5. Hyperglycaemia Blood sugar to be 120–180
If >180 start insulin infusion

Hypoglycaemia Blood sugar-50–80 mg/dl-give 50% dextrose 10 ml IV
If blood sugar <50 mg/dl-give 20 ml of 50% dextrose

6. Steroid replacement Methylprednisilone-15–20 mg/kg
7. Diabetes insipidus Vasopressin 20 U in 5% DW 500 ml mix

UO >300 ml/h: IV infusion rate 3 ml/h
UO 100–200 ml: keep the dose and maintain with 0.5–1 ml/h and HUO 
monitoring

8. Thyroid replacement Start with levothyroxine 150 μg daily or IV T3 after doing blood T3/T4 
levels
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27.16  Summary

The success of the transplant depends on the 
donor care. The organ yield and graft survival 
depends on the multidisciplinary approach at 
managing the donor, the meticulous monitoring 
and timely interventions done to reverse or slow 
down the normal sequalae of brain death. The 
aim is to support the body function with adequate 
oxygenation and tissue perfusion, till organs are 
retrieved. The therapeutic end-points for ade-
quate tissue perfusion are the Rule of 100 as fol-
lows which when followed are seen to improve 
the organ yield.

Rule of 100’s
• Systolic arterial pressure >100 mm Hg,
• Urine output >100 mL/h
• PaO2 >100 mm Hg
• Haemoglobin concentration >100 g/L (10 gm/

dL)
• Blood sugar 100 mg/dL

Avoiding lactic acidosis (pH = 7.35–7.45) and 
hypothermia (temperature >34  °C) [21, 25] 
(Fig. 27.5).

Key Points
• Early identification of a potential donor
• Immediate institution of Donor 

Management Protocol
• Meticulous monitoring and care in 

Intensive care unit
• Timely implementation of Hormonal 

therapy
• Early administration of Vasopressin for 

vasoplegia and Diabetes Insipidus
• Standardization of care and frequent 

audit

27 Management of Deceased Donor for Organ Donation
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Fig. 27.5 UNOS protocol for donor management
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28Normothermic Machine Perfusion

G. V. Prem Kumar, P. Balachandran, and K. Anusha

Static cold storage is the standard method for 
liver preservation. The detrimental effects of the 
concomitant cold ischemia are not suitable for 
high-risk livers because of which some poten-
tially transplantable livers are being discarded. 
Normothermic machine perfusion of the liver is 
an alternative method of preservation that may 
reduce ischemia-reperfusion injury, biliary com-
plications, early allograft dysfunction, and pri-
mary non-function and the clinical benefits are 
currently proved in various clinical trials. It 
allows functional assessment of the liver, termed 
“viability testing.” The ability of the liver to 
reduce lactate in the perfusate is the most widely 
accepted marker of viability during normother-
mic machine perfusion, although clinical data are 
being generated.

28.1  Introduction

Liver transplantation offers the only effective 
definitive treatment modality for patients with 
end stage liver disease (ESLD). Shortage of 
donors limits the organ availability for ESLD 
patients, hence increasing the mortality in wait-
listed patients. Rising incidence of alcohol- 

related liver disease, viral hepatitis, non-alcoholic 
fatty liver disease (NAFLD), and non-alcoholic 
steatohepatitis (NASH) has resulted in increase 
in number of waitlist candidates for liver trans-
plantation. Hence, the criteria for organ donors 
have been expanded, to include marginal donors 
(Table 28.1).

Grafts from extended criteria donors are prone 
to a higher incidence of severe ischemic reperfu-
sion injury, primary non-function, delayed graft 
function, acute as well as chronic rejection and 
intrahepatic biliary stricture, which are more pro-
nounced with static cold storage (SCS). 
Normothermic machine perfusion (NMP) enables 
graft preservation at near-physiological condi-
tion, thus negating the effects of SCS on hepato-
cytes and biliary epithelium. NMP provides the 
liver graft with oxygen and nutrition at 37 °C.

G. V. P. Kumar (*) · P. Balachandran 
AIG Hospitals, Hyderabad, Telangana, India 

K. Anusha 
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Table 28.1 Extended criteria donors [1, 2]

1 Donor age > 65 years
2 BMI >27 kg/m2

3 Macrovesicular steatosis >30%
4 Use of high dose vasopressors
5 Hypotension >1 h
6 Hypernatremia (Na >155 meq/mL)
7 Cold ischemia time (CIT) >8 h
8 Warm ischemia time (WIT) >40 min
9 History of alcoholism
10 ICU stay >5 days
11 Donation after cardiac death (DCD)
12 Donors with infection
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According to Organ Procurement and 
Transplantation Network (OPTN) in the USA 
almost 22% of procured livers are discarded 
before transplantation, due to the gross appear-
ance of the organ, and donor characteristics [3]. 
In United Kingdom, this number doubled from 
8.2% to 16.6% [4].This is overcome by assessing 
the functional status of the liver by NMP, which 
avoids cold ischemic preservation, thereby 
improving the use of ECD livers.

28.2  Evolution of NMP

In 1935, Alexis Carell and Charles Lindbergh 
[5] demonstrated organ viability and preser-
vation for several days, when perfused with 
oxygenated serum at 37  ° C using a normo-
thermic perfusion chamber. Starzl pursued this 
work further in the 1960s and indeed the first 
successful human liver transplants were per-
formed following the pretreatment of livers 
with machine perfusion of diluted oxygenated 
blood [6]. In 1968, with introduction of simple 
and effective static cold storage solutions, the 
interest on machine perfusion waned due to its 
complexity [7]. After 50 years, there is resur-
gence in machine perfusion, with increasing 
waitlist mortalities due to a large gap between 
demand and supply of organs, which led to 
usage of marginal donors. The development 
of the current NMP techniques began in the 
early 1990s. The first study demonstrating the 
potential of NMP was published in 2001 by 
Schon et al. [8] They found that normothermic 
extracorporeal liver perfusion (NELP) holds 
the potential to keep a mammalian liver out-
side the body completely functional, possibly 
for more than 4 h. NELP can be used for liver 
preservation before transplantation or for the 
use of organs from non-heart beating donors. 
Few studies have reported successful preser-
vation of Donation after Brain Death (DBD) 
and Donation after Cardiac Death (DCD) liv-
ers for 24  h in NMP compared to SCS livers 

[9, 10]. Butler et al. reported that it is possible 
to maintain a liver in a viable condition for a 
minimum of 72 h of extracorporeal perfusion. 
But such long preservation needs bile salt 
supplementation [11, 12]. Mammalian studies 
were performed on porcine and rodents due to 
their close resemblance to human physiology. 
Brockmann et al. observed that NMP perfused 
porcine DCD liver grafts have superior func-
tion and better survival compared with SCS 
[13]. NMP proved to be superior to cold stor-
age in porcine DCD livers in terms of liver 
injury, synthetic graft function, cytokine and 
proinflammatory response, and survival [14]. 
Two experimental studies demonstrated that 
NMP caused defatting of steatotic livers and 
metabolic conditioning [15, 16].

Many trials were done to assess the safety of 
NMP. In these studies, they compared the NMP 
vs. SCS livers by assessing graft survival and 
viability after transplantation following NMP of 
donor livers as a primary outcome. They also 
measured liver functions as bilirubin, Aspartate 
transaminase (AST), Alanine Transaminase 
(ALT), Alkaline phosphatase (ALP), and 
International Normalized Ratio (INR) as markers 
of early allograft dysfunction for the first 7 days 
as a secondary outcome.

28.3  Organ Preservation 
(Table 28.2)

Table 28.2 Organ preservation techniques

Static method Dynamic method
University of Wisconsin 
solution (UW)

Hypothermic machine 
perfusion (HMP)

Euro Collins solution Subnormothermic 
machine perfusion (SMP)

Histidine-tryptophan- 
ketoglutarate solution 
(HTK)

Normothermic machine 
perfusion (NMP)

Celsior solution
Institute George Lopez-1 
(IGL-1)

G. V. P. Kumar et al.
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28.3.1  Static

The composition and addition of specific ingredi-
ents aims to counteract the deleterious effects 
that occur during cold preservation.

Static type of preservation mainly consists of 
storage in preservative solutions.

Ideal preservative solution [17]

 1. Prevention of hypothermia-induced cell 
swelling and interstitial edema,

 2. Prevention of electrolyte imbalance,
 3. Prevention of intracellular acidosis,
 4. Reduction of oxidative damage by ROS, and
 5. Providing substrates for cellular energy 

metabolism.

28.3.2  Dynamic

To mitigate injury and improve the quality of the 
donated organs, by continuous perfusion of graft.

28.3.3  Hypothermic Machine 
Perfusion (HMP)

HMP involves perfusion at a low temperature 
(4°–10 °C) with enough oxygen in the perfusate 
to decrease the metabolic rate. HMP has been 
shown to protect against mitochondrial and 
nuclear injury by establishing reduced mitochon-
drial activity prior to reperfusion, as well as to 
lessen endothelial injury.

28.3.4  Subnormothermic Machine 
Perfusion (SMP)

SMP has recently been proposed as an alternative 
to HMP and NMP.  The first study by Vairetti 
et  al. involving SMP showed that perfusion of 
healthy rat livers at 20 °C resulted in significantly 
improved preservation compared with CS upon 
simulated transplantation [18].

In 2012, SMP at both 20  °C and 30  °C was 
investigated in a rat DCD model, and was directly 

compared with both CS and NMP [19]. After 
transplantation, livers preserved with SMP 
showed high bilirubin levels and low bile produc-
tion compared with NMP.

28.3.5  Normothermic Machine 
Perfusion (NMP)

Unlike SCS, HMP, and SMP techniques, NMP 
aims to maintain normal metabolic rates in an 
attempt to maintain normal physiological condi-
tions. Normothermic machine perfusion (NMP) 
is used to minimize the duration of cold storage, 
and is applied either in situ (e.g.; in donors before 
procurement), known as normothermic regional 
perfusion [20], or ex situ during or after organ 
transport to the recipient center.

In this chapter, we will focus on role of NMP 
in preservation of grafts from the marginal 
donors.

Advantages
• Improvement of transplant logistics.
• Increases donor pool by utilizing ECD and 

DCD, thereby reducing the waitlist mortality.
• Real-time assessment of organ function and 

viability prior to transplantation.
• Attenuation of ischemia/reperfusion injury.
• Washout of toxins and anaerobic end prod-

ucts like lactic acid, reactive oxygen species 
(ROS).

• Provides nutrients, ATP, oxygen, glucose, bile 
salts, prostaglandins.

• Potential for pharmacological interventions to 
recondition livers, and subsequent 
transplantation.

• Pre-emptive correction of electrolyte and acid 
base imbalance.

• Endothelial protection.
• Ischemic reconditioning.
• Low early transaminases levels post-transplant.
• Extended preservation.
• Reduced incidence of primary non-function, 

delayed graft function.
• Maintenance of vasoconstriction.
• Ability to predict post-transplant outcome.

28 Normothermic Machine Perfusion
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Disadvantages
• Cost.
• Lack of adequate randomized trials to validate 

its pros and cons.
• Bacterial and fungal infections.
• Complicated machinery.
• Complicated procedures.
• Additional personnel, especially during 

transportation.
• Risk of subjecting good grafts to ischemia due 

to twisting or catheter occlusion, leading to 
graft loss.

28.4  Machine

The machine is devised using components devel-
oped for cardiopulmonary bypass.

It consists of:

 1. Blood reservoir,
 2. Pump(s) (some circuits comprise two pumps, 

representing portal venous and hepatic arterial 
flow),

 3. Oxygenator, and
 4. Heat exchanger.

The different commercially available devices 
are as follows:

 1. The OrganOx metra (OrganOx Ltd., Oxford, 
UK),

 2. The Liver Assist (Organ Assist, Gronigen, the 
Netherlands),

 3. OCS™ Liver System (Transmedics, Andover, 
Massachusetts), and

 4. The Cleveland NMP circuit (Cleveland Clinic, 
Cleveland, Ohio).

The basic NMP principles are retained, all 
these machines differ with few technical varia-
tions with respect to arterial flow, pressure con-
trol, oxygen delivery method, battery life, 
temperature during perfusion, feasibility of trans-
portation during preservation (portability), 

degree of automation, substrate type and deliv-
ery, pressure and pulsatility of the recirculating 
perfusate, and hepatic arterial and portal vein 
flow targets.

Here, we will describe OrganOx metra 
machine (Figs. 28.1 and 28.2), the most widely 
used machine, with published clinical data.

The OrganOx metra normothermic perfusion 
device incorporates a centrifugal pump, an oxy-
genator, oxygen concentrator, heat exchanger, 
reservoir, flow probes, pressure sensors, infu-
sions and blood gas analyzer together with tub-
ings and connector components.

Full informed consent of potential recipients 
is critical, when considering liver grafts from 
extended criteria donors.

After harvesting, the graft is flushed with a 
preservative solution (HTK/UW solution) at 
4 °C, and kept in a static cold storage. The graft is 
cannulated using various color coded cannulae 
(blue for the Inferior Vena Cava (IVC), red for the 
Hepatic Artery, yellow for Portal vein).

Meanwhile, the machine circuit is primed 
using 3 units of Leucoreduced packed red blood 
cells (cross matched to donor blood group) along 
with 5% albumin or Gelofusin, calcium gluco-
nate, heparin and antibiotic (e.g. Cefuroxime) 
(Fig. 28.3b).

 A. Graft kept in SCS initially for cannulation of 
vessels and bile duct.

 B. Priming of circuit.
 C. Surrogate organ Y-piece within the liver bowl.
 D. After disconnecting the organ Y- piece.
 E. Reconnection with the respective color coded 

cannulae of the graft.

The perfusion solution is maintained at 
37 °C. Pressures are set at a mean of 70 mmHg 
on the arterial and 11 mmHg on the portal side. 
Perfusion fluid is oxygenated through oxygen-
ators. Before NMP and every 30  mins during 
NMP, samples of the arterial and venous perfu-
sion fluid are taken for analysis of blood gas 
parameters (pH, partial pressure of oxygen [PO2], 

G. V. P. Kumar et al.
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Infusions

• Insulin
• Heparin
• Prostacyclin
• Bile salts
• Nutrients Pinch valve

Soft Shell Reservoir

Pinch
Valve

Ascites
recirculation

Portal VeinHepatic Artery
Oxigenator

Blood Gas Analyser
Sensor

Inferior Vana Cava

Centrifugal
Pump

Flow Sensor &
Bubble detector

O2/Air

Fig. 28.1 Schematic diagram of organox metra machine

Fig. 28.2 Organox 
metra machine
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Fig. 28.3 Setting up of NMP

partial pressure of carbon dioxide [PCO2], oxy-
gen saturation [SO2], bicarbonate [HCO3], lac-
tate, glucose, and metHb). Bile samples are also 
collected to assess the adequacy of graft function 
(Fig. 28.4).

After priming, surrogate organ Y-piece within 
the liver bowl is disconnected. These circuits are 
reconnected to the respective color coded cannu-
lae of the graft after deairing of the tubings. After 
ensuring proper connections, the machine perfu-
sion is started.

Maintenance infusion solutions provided dur-
ing the perfusion are Epoprostenol (prostacy-
clin), bile salts, insulin, heparin, nutrition 
including amino acids plus electrolytes. Sodium 
bicarbonate can be added if required during the 
perfusion, to maintain pH within physiological 
range of 7.35–7.45.

Bile produced by the liver is collected and 
measured every 30 mins.

Once the liver is placed on the device, the 
operation is fully automated with the exception 

of the manual glucose measurement. A graphical 
user interface (GUI) system displays several per-
fusion parameters during the operation: 
(Fig. 28.5).

• Flow rates: Arterial, Portal, and IVC, all in 
L/m.

• Pressures: Arterial, Portal, IVC, all in mmHg.
• Blood gases: pO2, pCO2, in kPa or mmHg 

(units can be changed by touching the GUI)
• pH.
• Blood temperature (°C).
• Bile production (mL/h).

The perfusate flows from reservoir to a hepatic 
artery through a high pressure system (low flow), 
and by gravity drainage to the portal vein, through 
a high flow system (low pressure). From the liver 
graft, the perfusate is pumped out of the inferior 
vena cava by a centrifugal pump. This is oxygen-
ated and heated and collected back in reservoir 
bag.

G. V. P. Kumar et al.
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Fig. 28.4 Bile produced after machine perfusion, collected in liver bowl for assessment

Fig. 28.5 Graphical 
user interface (GUI) 
system
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Organox machine benefits
 1. Simple control panel.
 2. Fully automated perfusion.
 3. Rugged, robust design for ease of transport 

and safe storage.
 4. Extended battery life for transportation.
 5. Self-regulating oxygen supply.
 6. Sterile disposable circuit which is pre- 

assembled, making it simple and rapid to 
prime.

 7. All connectors are simple and rapid to use, 
ensuring that preparation time is minimal.

 8. Maintains physiological temperature, flows, 
pressures, oxygenation and records bile pro-
duction, all of which are displayed on the built 
in graphical user interface.

28.5  Patho-Physiology During 
Preservation

Preservation and optimization of the graft plays a 
key role in successful outcome of 
transplantation.

The main aim of preservation is to reduce the 
ischemic reperfusion injury (IRI) by maintaining 
the structural and functional integrity of the liver.

Static cold storage (SCS) is considered a gold 
standard for organ preservation. SCS when used 
to preserve organs after procurement slows meta-
bolic processes. Van’t Hoff’s rule, cooling at 
4  °C results in a metabolic rate approximately 
10% of that at normal body temperature (37 °C). 
SCS at 4 °C is adequate for low risk livers. But in 
marginal livers, cold ischemia is poorly tolerated. 
It causes altered membrane potential due to 
altered ion distribution (++ intracellular Ca/Na) 
leading to cellular swelling, cytoskeletal disorga-
nization, increased hypoxanthine, decreased ATP, 
cellular acidosis, and mitochondrial damage. 
This causes damage to hepatic sinusoidal endo-
thelial cells and disruption of the microcircula-
tion. These processes cannot be halted and 
invariably leading to damage of the organ during 
preservation and reperfusion.

During reperfusion, there is a rebound uptake 
of oxygen by cells leading to the release of free 
radicals, endothelial damage, intrahepatic inflam-
matory infiltration (leukocyte accumulation), and 
release of pro-inflammatory cytokines into circu-
lation. Initiating cell death by necrosis, apopto-
sis, or autophagy. Ultimately, resulting in tissue 
damage.

The main rationale for normothermic machine 
perfusion is to mimic physiological conditions by 
maintaining physiological temperature, oxygen-
ation enabling cellular metabolic function during 
organ storage, and avoiding depletion of cellular 
energy stores, eliminating metabolic waste prod-
ucts and finally preventing direct adverse events 
of hypothermia and static storage.

Many studies have shown beneficial effects of 
machine perfusion over static cold storage with 
respect to reduction of ischemic reperfusion (IR) 
injury.

Schlegel et  al. [21] performed hypothermic 
oxygenated perfusion (HOPE) treatment through 
the portal vein, which led to a significant slow-
down of mitochondrial respiration rate during 1 h 
machine perfusion. After reperfusion following 
low pressure HOPE, mitochondrial injury, 
nuclear injury, Kupffer cell activation and endo-
thelial injury were significantly improved, as 
tested on an isolated liver perfusion model. In 
contrast, machine perfusion with deoxygenated 
perfusate showed no protection from hepatocyte 
injury and Kupffer cell activation. However, 
endothelial injury was also prevented by low 
pressure machine perfusion in the absence of 
oxygen. Perfusion with higher pressure provoked 
endothelial damage and Kupffer cell activation.

Imber et al. [9] observed that livers preserved 
with normothermic perfusion were significantly 
superior (P = 0.05) to cold-stored livers in terms 
of bile production, factor V production, glucose 
metabolism, and galactose clearance. Cold- 
stored livers showed significantly higher levels of 
hepatocellular enzymes in the perfusate and were 
found to have significantly more damage by a 
blinded histological scoring system.

G. V. P. Kumar et al.
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28.6  Human Trials

The first-in-human normothermic machine per-
fusion of the liver (NMP-L) trial in 2013 con-
firmed the safety of the technology. In 20 patients 
transplanted with livers after NMP-L, there was 
100% graft and patient survival at 6 months [22]. 
Laing et al. used hemoglobin-based oxygen car-
rier (HBOC)-201 and gelofusine for NMP [23].

Ravikumar et  al. [22] compared NMP and 
SCS livers, observed initial 7 day transaminases 
levels and 30  day graft survival and concluded 
that NMP may be valuable in increasing the 
 number of donor livers and improving the func-
tion of transplantable organs.

Selzner et al. [24] reported a safety and feasi-
bility clinical NEVLP (Normothermic Ex Vivo 
Liver Perfusion) trial with human albumin–based 
Steen solution. They studied the transplant out-
comes of ten human liver grafts that were per-
fused on the Metra device at 37  °C with Steen 
solution, plus 3  units of erythrocytes and com-
pared with a matched historical control group of 
30 grafts using cold storage (CS) as the preserva-
tion technique. Ten liver grafts were perfused for 
480 mins (340–580 mins). They observed for lac-
tate clearance and bile production during perfu-
sion. Postoperatively, they monitored 
transaminases, bilirubin and INR, but didn’t find 
significant difference between the two groups. 
They concluded that liver preservation with nor-
mothermic ex  vivo perfusion with the Metra 
device using Steen solution is safe and resulted in 
comparable outcomes to CS after liver 
transplantation.

Bral et al. [25] presented a preliminary single- 
center North American experience using identi-
cal NMP technology. Out of ten grafts, 9 were 
transplanted and one was discarded due to portal 
vein cannulation issue. All transplanted livers 
functioned, and serum transaminases, bilirubin, 
international normalized ratio, and lactate levels 
corrected in NMP recipients similarly to controls. 
Graft survival at 30 days (primary outcome) was 
not statistically different between two groups. 
They found that Intensive care and hospital stays 
were significantly more prolonged in the NMP 
group. Their preliminary experience demon-

strates feasibility as well as potential technical 
risks of NMP in a North American setting and 
highlighted a need for larger, randomized 
studies.

Nasralla et al. [26] did first randomized con-
trolled trial to test the efficacy of machine perfu-
sion against static cold storage in liver 
transplantation. They compared 170 NMP with 
133 SCS livers. They observed that normother-
mic preservation is associated with a 50% reduc-
tion in graft injury, measured by hepatocellular 
enzyme release, despite a 50% reduction of organ 
discard and a 54% longer mean preservation 
time. They didn’t find significant difference in 
bile duct complications, graft survival or survival 
of the patient. If NMP is applied to clinical prac-
tice, these results would have a major impact on 
liver transplant outcomes and waiting list 
mortality.

28.7  COPE Trial (Consortium 
for Organ Preservation 
in Europe)

First multicenter randomized controlled trial 
(RCT) comparing continuous NMP with SCS in 
human liver transplantation. This multi-national 
RCT was initiated by the Consortium for Organ 
Preservation in Europe [27], involving seven 
European transplant centers. They randomized 
adult DBD and type III DCD livers (1:1) to con-
tinuous NMP or SCS.  Their primary end point 
was the difference in peak-AST, requiring 220 
transplants (90% power to detect a 33% reduc-
tion). Secondary endpoints were organ utiliza-
tion, preservation time, early allograft dysfunction 
(EAD), 6-month graft and patient survival and 
ischemic cholangiopathy on MRCP. They found 
that 272 livers (135 SCS, 137 NMP) were 
enrolled, consisting of 194 DBD and 78 DCD 
organs. 48 livers were discarded after retrieval 
(32 SCS vs. 16 NMP; p = 0.01), with two others 
declined but then transplanted by non-trial sites. 
NMP livers experienced significantly longer 
preservation times than SCS (11 h 39 min vs. 7 h 
21 min; p < 0.01). Early graft function was supe-
rior in the NMP group with regard to peak AST 
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(974  IU/L SCS vs. 485  IU/L NMP; p < 0.001) 
and EAD (29.9% SCS vs. 12.6% NMP; 
p = 0.002). The magnitude of these effects was 
greater for DCD organs (p  =  0.02). They con-
cluded NMP livers show better early graft func-
tion than SCS as measured by peak-AST and 
EAD, both of which are surrogates for long-term 
graft outcomes. This is despite better organ utili-
zation and longer preservation times in the NMP 
group.

VITTAL [28] trial is the first clinical trial 
designed to objectively assess function of 
declined livers using NMP-L and subsequently 
transplanting viable grafts. Laing RW et al. have 
conducted an open-label, non-randomized, pro-
spective, single-arm trial designed to determine 
whether currently unused donor livers can be sal-
vaged and safely transplanted. These livers are 
subjected to NMP following a period of static 
cold storage. Organs metabolizing lactate to 
≤2.5 mmol/L within 4 h of the perfusion com-
mencing in combination with two or more of the 
following parameters—bile production, metabo-
lism of glucose, a hepatic arterial flow rate 
≥150  mL/min and a portal venous flow rate 
≥500  mL/min, a pH ≥7.30 and/or maintain a 
homogeneous perfusion—were considered via-
ble and transplanted into a suitable consented 
recipient.

Their primary outcome measures are the suc-
cess rate of NMP to produce a transplantable 
organ and 90-day patient post-transplant 
survival.

NICE: “More donor livers could be used for 
transplantation thanks to exciting new 
development”

January 16, 2019.
The National Institute for Health and Care 

Excellence (NICE) has approved the use in the 
NHS of ex vivo machine perfusion for preserva-
tion of livers donated for transplants. This proce-
dure assessed by NICE has been hailed as an 
“exciting development” in increasing the number 
of livers which can be safely used for 
transplantation.

28.8  Parameters Assessed 
for Viability of Organ

NMP allows functional assessment of liver before 
transplantation, thereby reducing the incidence 
of PNF, EAD, Biliary complications, IRI, and 
PRS.

Mergental et al. [25] suggested criteria includ-
ing perfusate lactate <2.5 mmol/L, bile produc-
tion within 2 h of initiation of NMP, pH > 7.3, 
hepatic artery flow >150  mL/min, portal vein 
flow >500 mL/min, and homogenous graft perfu-
sion with soft parenchymal consistency fulfilled 
within 3 h of initiation of NMP.

Viability criteria consisting of lactate clear-
ance, pH maintenance, bile production, vascular 
flow patterns, and liver macroscopic appearance.

Mergental et  al. suggested viability criteria 
(Table 28.3).

Biopsies were assessed for preexisting acute 
or chronic liver injury, large and small-droplet 
macrovesicular steatosis, coagulative necrosis, 
intrahepatic bile duct injury (apoptosis, vacuola-
tion, and lifting of epithelium from the basement 
membrane), hepatocyte plate injury (hepatocyte 
loss of cohesion, detachment of hepatocyte plates 
from the sinusoidal lining), and glycogen deple-
tion, which were recorded as percentages of cells 
affected [30].

During perfusion, two patterns of bile flow 
were identified: (1) steadily increasing bile pro-
duction, resulting in a cumulative output of ≥30 g 
after 6 h (high bile output group), and (2) a cumu-
lative bile production <20 g in 6 h (low bile out-
put group). Concentrations of transaminases and 

Table 28.3 Organ viability criteria

Perfusate lactate <2.5 mmol/L
Bile production within 2 h of initiation of NMP
pH > 7.3
Hepatic artery flow >150 mL/min
Portal vein flow >500 mL/min
Homogenous graft perfusion with soft parenchymal 
consistency

aCriteria to be fulfilled within 3 h of initiation of NMP

G. V. P. Kumar et al.
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potassium in the perfusion fluid were signifi-
cantly higher in the low bile output group, com-
pared to the high bile output group. Biliary 
concentrations of bilirubin and bicarbonate were, 
respectively, 4 times and 2 times higher in the 
high bile output group. Livers in the low bile out-
put group displayed more signs of hepatic necro-
sis and venous congestion, compared to the high 
bile output group. In conclusion, bile production 
could be an easily assessable biomarker of 
hepatic viability during ex vivo machine perfu-
sion of human donor livers. It could potentially 
be used to identify extended criteria livers that 
are suitable for transplantation. These ex  vivo 
findings need to be confirmed in a transplant 
experiment or a clinical trial [31].

28.9  Conclusion

In conclusion, this proof of concept that NMP is 
not only feasible, but that it may potentially 
improve the functional recovery of high-risk 
ECD livers compared with SCS. Although this is 
not an optimized protocol, this novel approach 
might be particularly beneficial for DCD organs. 
Normothermic machine perfusion is associated 
with a stable intraoperative hemodynamic profile 
postreperfusion, requiring significantly less vaso-
pressor infusions and blood product transfusion 
after graft reperfusion and may have benefit to 
alleviate ischemia-reperfusion injury in liver 
transplantation. Further studies are needed to 
explore whether NMP confers other benefits.
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29Role of ECMO in Liver Transplant

Jumana Yusuf Haji 

Abbreviations

ABG Arterial blood gas
ACLF Acute-on-chronic liver failure
ACT Activated clotting time
ALF Acute liver failure
APTT Activated partial thromboplastin 

time
ARDS Acute respiratory distress 

syndrome
CBC Complete blood count
CCA Cerebral circulatory arrest
CIT Cold ischaemia time
CLD Chronic liver disease
CNS Central nervous system
DBD Donation after brain death
DCD Donation after cardiac death
ECLS Extracorporeal life support
ECMO Extracorporeal membrane 

oxygenation
ECPR ECMO-assisted cardiopulmonary 

resuscitation
EEG Electroencephalography
FDO2 Fraction of sweep oxygen
FiO2 Fraction of inhaled oxygen
HPS Hepatopulmonary syndrome
IJV Internal jugular vein

INR International ratio
LDH Lactate dehydrogenase
LFT Liver function test
NMP Normothermic machine perfusion
NRP Normothermic regional perfusion
OP ECMO Organ-preserving ECMO
PaCO2 Arterial partial pressure of carbon 

dioxide
PaO2 Arterial partial pressure of oxygen
PT Prothrombin time
RFT Renal function test
RP Regional perfusion
SBP Systolic blood pressure
TCD Transcranial doppler
THOA Transplantation of Human Organs 

Act
VA Veno-arterial
VV Veno-venous
WIT Warm ischaemia time

29.1  Introduction

Extracorporeal membrane oxygenation (ECMO) 
is a form of extracorporeal life support (ECLS), 
which can take over the function of the heart or 
lung or both. The primary aim of ECMO is to rest 
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these vital organs and take over their functions of 
oxygenation and delivery of oxygenated blood to 
the other vital organs, such as the kidney, liver, 
and brain.

Perioperative management of liver transplan-
tation involves meticulous planning and stabilisa-
tion of the donor and recipient to achieve good 
results. Hence, a stable donor with good organs, 
minimal warm ischaemia time (WIT) to the 
organs, and a fit optimized recipient will greatly 
improve the post-transplant outcomes.

Liver transplantation can be a challenging 
proposition in certain situations as follows:

 1. The potential donor, in a deceased donor 
transplant, is unstable.

 2. WIT is prolonged due to delay in retrieval of 
organs.

 3. The potential liver recipient, despite optimisa-
tion, remains in the fairly high-risk group due 
to comorbidities involving heart and lungs 
additionally.

 4. The peri-operative and post-operative course 
is complicated by massive transfusions, reper-
fusion injury, and fluid overload which may 
lead to ARDS and/or cardiac decompensation.

ECMO plays a role in organ donation (to 
improve the quality of organs retrieved) where 
the focus is not on saving the patient but rather on 
preserving the viability of the organs. In trans-
plant recipients, ECMO has a role when there is 
perioperative cardiac or pulmonary instability.

This chapter will introduce the reader to the 
various applications of ECMO in the liver trans-
plant program.

29.2  ECMO Overview

ECMO, a form of ECLS, in its actual application 
is an evolution of the heart–lung machines used 
in cardiac surgery [1]. The first reported clinical 
application of extracorporeal support was in 1971 

for respiratory failure in a young adult with post- 
traumatic ARDS. He underwent 2 days of veno-
arterial support and survived. Interest in ECMO 
for adult respiratory failure following this case 
report resulted in a more widespread application. 
In 1975–1976, Bartlett et al. successfully applied 
bedside CPB to treat a new-born with meconium 
aspiration, marking the beginning of ECMO in 
critical care.

ECMO is now considered an extension of 
critical care, and the spectrum of indications is 
widening and becoming more dependent on the 
clinical picture at the time of presentation of the 
patient. With availability of improved technol-
ogy and equipment, the contraindications to 
ECMO are decreasing. The patient who should 
ideally be considered for ECMO is an otherwise 
healthy person with no comorbidities who pres-
ents with life-threatening hypoxia and/or circu-
latory collapse. However, the window of 
opportunity to salvage such terminally ill 
patients is small, and if delayed till very late, it 
may become a futile exercise. Although ECMO 
has the capability to support cardiorespiratory 
function temporarily, it is not a cure for the 
underlying disease. It is a safety net that takes 
over the function of the heart/lung while the dis-
eased organ rests and heals. In addition, ECMO 
has potential to halt further damage to other vital 
organs such as kidney, liver, brain due to hypoxia 
and low cardiac output state.

Depending on its configuration, ECMO can be 
either venovenous (VV) or venoarterial (VA) and 
is used to support respiratory function, circula-
tion, or both. This treatment provides a bridge to 
aid in healing of these organs or as long-term 
support in those awaiting heart or lung transplan-
tation. ECMO-assisted cardiopulmonary resusci-
tation (ECPR) has become an accepted norm in 
many countries, and the usage of ECMO in this 
case is either as a bridge to recovery or if futile a 
bridge to decision. If there is a wish to donate, 
then in such patients, ECMO can be bridge to 
organ donation [2, 3].

J. Y. Haji
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29.3  ECMO Components [4]

• Centrifugal pump: This helps to circulate 
blood volume from the patient to the oxygen-
ator and back to the patient after gas exchange 
(Fig. 29.1). A minimum of 60% of the cardiac 
output needs to be circulated to meet ECMO 
goals. Newer pumps are efficient, with mini-
mal reservoir volumes, and unlike roller 
pumps used in cardiopulmonary bypass 

machines, they cause less damage to blood 
cells, reducing the need for anticoagulation.

• Membrane oxygenator: (Fig.  29.2) This is 
made of multiple hollow fibres creating chan-
nels, with fibres of polymethyl pentene, a spe-
cial material that selectively allows only gas to 
move across and is impermeable to liquids. 
The channels are crosslinked into a mesh of 
two sets of channels: one carrying blood and 
the second carrying water from the heater unit 

Centrifugal pump

Oxygenator

Console

Extracorporeal Membrane Oxygenator

Fig. 29.1 ECMO machine with console, pump, and oxygenator

Membrane
lung

Heater cooler
unit

Fig. 29.2 Cross-section of 
an oxygenator showing the 
blood and water channels 
at right angle plane with 
gas flowing between the 
channels. Heater cooler 
unit supplies water through 
the channels and is 
essential to maintain blood 
temperature during transit 
through the oxygenator
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to prevent temperature fluctuations of blood 
during transit, and the space between the 
channels carries the gas (sweep gas), which 
could be oxygen or a mixture of air and oxy-
gen for gas exchange.

29.4  Functions

Oxygenation The FiO2 of the sweep gas (FDO2) 
and the blood flow determine the oxygenation 
function of the membrane lung.

CO2 Removal The rate of sweep gas flow deter-
mines the CO2 elimination and is usually started at 
half the blood flow rate and titrated up to  normalize 
the PCO2. CO2 elimination is easy, and in lungs 
with good compliance, a sweep flow as low as 1 L/
min can also enable adequate CO2 removal.

Heat Exchanger This is to prevent a drop in the 
temperature of the blood in the extracorporeal 

circuit. Sometimes, patients are maintained 
slightly hypothermic to reduce their metabolic 
needs and oxygen requirement. The controlled 
temperature may mask any fever and thus, the 
first sign of sepsis.

Cannulas (Fig. 29.3) The cannulas are placed in 
the major blood vessels either peripherally or 
centrally into the major blood vessels to access 
blood flow into the membrane lung and return 
oxygenated blood back to the patient. Arterial 
cannulas are available in sizes of 19 and 21F, and 
venous cannulas are usually 150  cm long, with 
diameters of 19, 23, and 27F.

They are wire reinforced to prevent kinking and 
large enough to allow adequate blood flow and 
may also be anticoagulant coated. The access 
(venous) cannula in peripheral ECMOs are long 
and placed in a femoral vein. The return (arterial) 
cannula is short, and the vessel chosen for return 
cannula determines the configuration of ECMO.

Arterial Cannula

Venous Cannula

Fig. 29.3 The arterial 
and venous cannulas 
inserted are wire 
reinforced and antikink 
large bore
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29.5  ECMO Configurations: 
Fig. 29.4

29.5.1  Venoarterial ECMO (VA ECMO)

Used for cardiac and circulatory support. It is 
achieved by placing the return cannula into a 
peripheral artery such as the femoral artery or the 
axillary artery such that blood is returned towards 
the heart through the artery and then the aorta 
carries it to the rest of the body. The VA configu-
ration creates a parallel circulation to the heart 
bypassing the heart and hence is independent of 
the ejection fraction.

 Clinical Picture Warranting VA ECMO [5]

Urgent Cardiac index <2 l/min/m2

Inotrope score is >50–100
Inotrope score = dose of dopamine 
(mcg/kg/min) + dobutamine (mcg/kg/
min) + 100 (dose of adrenaline (mcg/kg/
min) + noradrenaline (mcg/kg/min)
The rate of inotrope escalation is more 
important than the dose
With or without intra-aortic balloon 
pump (IABP) support

Emergency Resuscitation ongoing without adequate 
cardiac pump function

Indications for VA ECMO

Reversible Cardiac Conditions with Excellent 
Recovery

• Intractable Arrhythmias (Ventricular tachy-
cardia/Fibrillation)

• Viral Myocarditis
• Pulmonary embolism with right heart failure
• Cardiac stunning from poisoning/drugs, for 

e.g., amlodipine overdose.

29.5.2  Venovenous ECMO (VV 
ECMO)

Used for gas exchange and lung support. It is 
achieved by placing the return cannula into a 
major vein like the internal jugular vein (IJV) or 
the femoral vein.

Clinical Picture Warranting VV ECMO

• Mortality risk >80%:
• PaO2/FiO2 < 80 with FiO2 > 0.9.
• Murray score 3–4 (Table 29.1).

Femoral Artery Internal Jugular Vein

Returning
Oxygenated

Blood

De-oxygenated
Blood

V-A ECMO V-V ECMO

Fig. 29.4 Shows the configuration of Venoarterial and 
venovenous cannula placement of cannulas. When blood 
is returned to an artery it results in a venoarterial configu-

ration. Blood returned from oxygenator to a major vein as 
shown results in a venovenous configuration
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Table 29.1 The Murray score calculator

Murray score 0 points 1 point 2 points 3 points 4 points
Chest Xray
(quadrants with consolidation)

n.0 n.1 n.2 n.3 n.4

Hypoxaemia (PaO2/FiO2) >300 225–299 175–224 101–174 <100
PEEP (cm H2O) <5 6–8 9–11 12–14 >15
Compliance (mL/cm H2O) >80 60–79 40–59 20–39 <19
The final score is calculated as the sum of the component parts divided by 4

Indications for VV ECMO

Direct Lung Injury
Common
• Pneumonia
• Aspiration

Uncommon
• Reperfusion injury
• Fat embolism

Indirect Lung Injury
Common
• Sepsis
• Massive transfusion

Uncommon
• Acute pancreatitis

29.5.3  Management of Patient on 
ECMO

Anticoagulation It is essential to prevent clot-
ting of blood in the extracorporeal circuit. Usual 
regime used is unfractionated heparin bolus 
(100–150 U/kg) at initiation and continued as an 
infusion (10–15  U/kg/hr) to maintain activated 
clotting time (ACT) 1.5 times normal level (at 
180–200  s or activated partial thromboplastin 
time (APTT) 1.5 times the reference level at 
45–65 s or antithrombin time (AT) III 80–120% 
while keeping the platelet count and fibrinogen 
levels in the normal range. Using surface coated 
circuits help to run the ECMO with lower sys-
temic heparinisation. Viscoelastic tests such as 
TEG and ROTEM help with better management 
of anticoagulation in especially in coagulopathic 
patients.

Investigations Table 29.2 describes the investi-
gations needed to assess ECMO candidacy, 
achievement of goals, and anticipation of 
complications.

29.5.4 Complications

Table 29.3 These can be expected to occur at any 
time during the ECMO run and can be due to anti-
coagulation, circuit-related, cannulation-related, 
or equipment-related factors. Knowledge of com-
plications is important as it will help understand 
contraindications and potential challenges of ini-
tiating ECMO on a CLD/post-transplant patient.

All patients will need periodic detailed exami-
nation for neurological complications, vascular 
complications, bleeding complications, haemo-
lytic complications, and complications due to 
super added infections.

29.5.5  ECMO in Liver Transplantation

ECMO in liver transplantation does not follow 
conventional indications, contraindications, and 
management principles. This chapter will cover 
various types of ECMO applications, as follows:

29.5.5.1 In Donors
 1. Brain-dead donor (DBD) who when becomes 

unstable, the donor management becomes dif-
ficult in view of haemodynamic instability and 
enhanced oxygen requirement and is stabilized 
with ECMO – Organ preserving (OP) ECMO.

 2. In Donation after cardiac death (DCD) assisted 
with ECMO to ensure good functional organs 
with minimal warm ischaemia time.

J. Y. Haji



379

Table 29.2 Investigations and their frequency and clinical value during ECMO run to assess patient

Haematological Hb Often to assess for bleeding
Maintain Hb > 10 if ECMO goals not met and during 
cannulation

Haematocrit >30
WBC count Daily to look for sepsis as patient on ECMO may not 

spike temperature due to temperature control
Peripheral smear
LDH
Plasma free Haemoglobin

Daily to look for haemolysis especially if running at 
higher flows

Coagulation profile ACT—hourly To titrate heparin need
APTT—6 hourly To titrate heparin need
Platelet count—daily Maintain >50,000
Fibrinogen—daily Maintain normal levels 200–400 mg/dl
TEG/ROTEM Useful in coagulopathic patients to assess blood product 

requirements
Metabolic 
parameters

Lactate As needed for assessing ECMO goals, metabolic needs, 
liver function

ABG As needed for titrating FiO2 and sweep gas to maintain 
oxygenation pH and CO2 clearance

SCVO2 To assess oxygen delivery (DO2) versus consumption 
(VO2)

Sugar As needed to maintain blood sugar levels in normal range
Electrolytes As required

Organ function 
testing

Heart Daily echocardiogram, ECG to guide ECMO 
configuration, maintenance and decannulation strategies

Lung Daily X-ray chest for cannula position and to assess lungs
Thoracic CT scan for assessing lung only if needed as 
difficult to move patient on ECMO

Liver LFT daily
Kidney RFT daily
Brain EEG, TCD, and CT as indicated to assess function if 

clinical examination inconclusive
NIRS- to assess brain oxygenation

Predicting 
secondary infections

Cultures
Procalcitonin
CRP

Maintain high degree of suspicion as ECMO patients are 
prone to line sepsis and septic markers may be masked 
due to controlled temperature

 3. Patients on ECMO in ICU and progress as 
donors after brain death- As ECMO is an 
extension of critical care, more patients will 
receive ECMO but when the ECMO runs 
become futile and progress to brain death, 
they may be considered as potential donors.

These points necessitate careful clinical, ethi-
cal, and medicolegal evaluation.

29.5.5.2 In Recipients
Patients with acute liver failure (ALF), acute on 
chronic liver failure (ACLF) or chronic liver dis-

ease (CLD) while awaiting transplantation, may 
decompensate and develop perioperative respira-
tory failure due to hepatopulmonary syndrome 
(HPS), or acute respiratory distress syndrome 
(ARDS) or concomitant cardiac decompensation 
(primary or secondary to liver failure) and/or cir-
culatory failure (sepsis) can be suitable candi-
dates for ECMO.

The detailed discussion on indications, contra-
indications, and challenges of ECMO manage-
ment in a liver transplantation program are 
discussed as below.
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Table 29.3 Complications to anticipate on ECMO and troubleshooting/treating the complications

Complications Effect Solution
Heparinisation 
related

Bleeding Local Titrate heparin and watch for bleeding from 
cannula sites, mouth, and nose
Avoid any insertion or removal of lines 
while on ECMO
Decrease heparinisation

Systemic Monitor Hb HCT
Monitor BP CVP PPV U/O
Monitor neurology for intracranial bleed
Decrease/stop heparinisation

Clotting Oxygenator Measure pre-, post-, and transmembrane 
pressures
Increase heparinisation
Change oxygenator

Circuit Check for clots with adequate direct light.
Monitor limbs and neurology for any 
ischaemic embolic complications especially 
when on VA ECMO
Change circuit
Increase heparinisation

Circuit related Chattering or bobbing of the 
tubings carrying the blood to 
and from the oxygenator

Flow fluctuations Look for kinks in tubings

Clots Risk of 
embolization

Change circuit

Air in circuit Air embolism 
will stop the 
pump

Hand crank, resuscitate patient, de-air 
circuit

Cannula related Inadequate flows Use larger cannulas
Add another access

Recirculation Access and return cannula too close, 
causing recirculation of ECMO oxygenated 
blood without circulating in the patient in 
VV ECMO

Vascular injury Ultrasound guidance
Surgeon-assisted open/semi open techniques
Imaging peri and post procedure

Arterial circulation to the limb distal to the 
femoral arterial cannula can be compromised

Insertion of distal reperfusion cannula

Equipment 
related

Equipment failure Back up console
Resuscitate patient and manage 
conventionally till replacement or manual 
hand cranking can be initiated

29.6  ECMO for Transplant Donors

Globally, ECMO has been applied in organ 
donors, but the rules and ethical, legal, financial, 
and logistic considerations vary in every country. 
India is yet to explore this uncharted territory, 
with its huge potential in the transplant program.

With the growing demand and a low donation 
rate every potential organ available for donation 
is accepted. This may lead to poor quality or mar-
ginal organs especially if the brain-dead donor 
has been unstable. The increasing demand for 
transplantation has led to a significant expansion 
of acceptance criteria for donors after brain death 
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(DBD) and an increase in utilization of donors 
after circulatory death (DCD). As the number of 
patients on ECMO increases, this makes them a 
potential donor especially if they progress to 
brain death.

Organ donation in India is acceptable only 
after testing for brain death and following certifi-
cation as per the Transplantation of Human 
Organs Act (THOA) 1994 and its amendments of 
2014. This act defines and legalizes the concept 
of brain death testing and certification. Donation 
after circulatory death is still not an accepted 
mode unless it is in a Maastricht type IV where a 
brain-dead patient suffers a circulatory collapse 
in the hospital.

The role of ECMO in organ donation can be 
considered under the following conditions:

• Brain-dead ECMO patient as a potential 
donor.

• OP ECMO for unstable DBD donors.
• Regional perfusion (RP) and normothermic 

regional perfusion (NRP) for DCD donors.

29.7  Brain Dead ECMO Patient 
as Potential Donor

Intracerebral bleed or thromboembolic infarction is 
a major potential complication in a patient on 
ECMO. In such a situation withdrawal of ECMO 
support is advised even if the primary ECMO goals 
are met (stabilisation of heart and lungs). Such a 
patient could then be considered for organ 
donation.

Ethics considering withdrawal of ECMO in a 
brain-dead patient is similar to which affects dis-
continuing ventilator care.

Bronchard et al. found that brain-dead donors 
on ECMO were younger and had more severe 
intensive care medical conditions (haemody-
namic, renal, biological, and liver insults), but 
there was no significant difference in graft sur-
vival, and they were hence considered suitable 
for organ procurement [6].

The challenge in this scenario is proving brain 
death. Patients on ECMO cannot be assessed by 
traditional apnoea testing definitively, unless a 

few prerequisites are met and fallacies are 
understood.

29.7.1  Declaring Brain Death 
on ECMO [7–10] Can 
Be Considered Under 
the Following

 1. Neurological testing
 2. Apnoea testing on ECMO
 3. Ancillary tests

29.8  Prerequisites for Testing 
for Brain Death

29.8.1  Establish Irreversible 
and Proximate Cause 
of Death

Exclude the presence of a CNS depressant drug, 
as most ECMO patients might be on high doses 
of sedatives, hypnotics, and muscle relaxants to 
decrease interference with ECMO flows due to 
patient movement.

29.8.2  Correct Any Severe 
Electrolyte, Acid/Base, 
and Endocrine Disturbance

Achieve normal core temperature, as many 
ECMO patients are deliberately maintained at 
lower temperatures to decrease metabolic 
demands. Hence, it becomes essential to correct 
to normal body temperature prior to brain stem 
testing.

Achieve acceptable blood pressure, preferably 
a baseline MAP >65 mm HG.

29.8.2.1  Neurological Examination
After prerequisites are met a detailed neurologi-
cal examination can be done by one or two 
 physicians at specified time intervals as per the 
protocol.

Demonstrate the absence of any response to 
noxious stimuli except spinally mediated ones.
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Demonstration of absence of all brain stem 
reflexes including pupillary response to light, 
oculocephalic reflex, oculovestibular reflex, cor-
neal reflex, gag and cough reflex.

29.8.2.2  Apnoea Testing on ECMO: 
Fig. 29.5

• Eliminating the factors causing instability and 
fallacies—various measures can be adopted to 
aid the Apnoea testing, these include:

• Giving CPAP through a ventilator or T tube or 
with a rebreathing bag to prevent collapse 
hypoxia during apnoea testing.

• Using higher O2 insufflation up to 10 L/min to 
prevent hypoxia: this could lead to some CO2 
elimination.

• Using lower O2 to prevent CO2 elimination 
through the ET tube inadvertently.

• Carbon dioxide augmentation and elevation of 
the CO2 level prior to apnoea testing. 
Introduction of CO2 at a rate of 1 L/min into 
the circuit markedly reduces the observation 
time compared with conventional apnoeic 
oxygenation. Intentional elevation of baseline 
CO2 to shorten apnoea test time.

• No disconnection, but to continue ventilation 
with carbogen at 2–4 breaths/min, to prevent 
loss of PEEP and lung collapse due to 
de-recruitment.

Thus, most patients undergoing apnoea testing 
for establishing a diagnosis brain death may have 
an inconclusive test. Multiple testing fallacies 
exist, and these methods are not standardized but 
maybe necessary to maintain donor stability.

Hence, alternative ancillary tests may become 
essential to prove brain death.

29.8.2.3  Ancillary Tests
The study declaring brain death on ECMO dem-
onstrated variations in practices in brain death 
declaration, especially with regards to apnoea 
testing, in patients on ECMO. Most centres used 
more than one test along with clinical examina-
tion to declare brain death. Standardization is 
needed to assure consistent, accurate brain death 
pronouncement to facilitate organ procurement 
when appropriate. Brain death guidelines are yet 
to include ECMO patients.

Electroencephalography: Electroencephalog-
raphy (EEG) may be mandatory, especially in the 
face of an inconclusive apnoea test and may 
necessitate other ancillary tests if EEG also 
becomes inconclusive.

Cerebral circulatory arrest: The Italian medi-
cal guidelines state that the accepted and recom-
mended diagnostic tests to demonstrate cerebral 
circulatory arrest (CCA) can be any of the fol-
lowing, either independently or in combination: 

Pretesting

•  Systolic pressure >
   100 mm Hg with
   vasopressors

•  Preoxygenate with
   100% oxygen for 10
    mins or PaO2>200

•  Reduce respiratory
   rate to 10/min

• Reduce PEEP to 5
  cm H2O

• Obtain baseline
  ABG if SPO2>95%

Testing

• Disconnect patient
  from ventilator

• Insufflation
  catheter through ET
  tube (100% O2 at 6
  L/min)

• Off sweep O2 or
  decrease to 1L/min

• Look for spontaneous
  respiratory
  movements for 8–
  10 min

End points

• ABG after 10 min of
  absent respiratory
  movements with
  PaCO2 > 60 mmHg
  or 20mm Hg above
  baseline is
  considered as
  positive test

• Abort if SPO2 < 85%
  or SBP < 90 for
  more than 30s

• If test inconclusive
  but patient is stable,
  continue for 10–15
  min

Fallacies

• PaO2 > 200 not
  achievable in
  patients on VV
  ECMO

• Patients on VA
  ECMO may not have
  pulsatile flow
  and/or systolic BP
  of 100 mm

• Sweep flow of 1
  L/min can cause
  adequate CO2

  clearance to render
  test inconclusive

Fig. 29.5 Steps of Apnoea testing on ECMO [7]
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cerebral angiography, brain scintigraphy, tran-
scranial doppler (TCD), or CT angiography.

Transcranial Doppler: TCD signal disappear-
ance during continuous TCD monitoring strongly 
suggests evolution to a condition of BD and 
prompts further evaluations. In France, it cannot 
be the sole confirmatory test as the test window 
may be limiting [11].

Ancillary tests too have been inadequately 
tested on ECMO patients. The alterations in 
blood flow patterns, oxygenation, and ventilation 
that are created by ECMO may affect the useful-
ness of ancillary tests used for the diagnosis of 
brain death while patients are on ECMO.

29.8.3  Role of ECMO in Deceased 
Donor Management

Donation After Brain Death Brain death is 
often associated with cardiac failure and/or 
arrhythmias, which may necessitate high-dose 
inotropes and can progress to lactic acidosis. 
Fluid resuscitation, ventilator-associated pneu-
monias, and development of ARDS is common, 
especially with prolonged ventilation with high 
PEEP.  All these may lead to haemodynamic 
instability and hence loss of a potential donor or 
poor organ perfusion if hypotension is 
pronounced.

Indication for ECMO in such a donor would 
be an organ preserving ECMO if poor LV func-
tion is resulting in severe metabolic acidosis, 
increasing inotrope score, inability to maintain 
satisfactory haemodynamics. Patients with 
ARDS, low PaO2/FiO2 ratio, those needing high 
PEEP can also be candidates for OP ECMO if 
brain death testing is positive.

OP ECMO: OP ECMO is the use of ECLS 
with the primary aim to preserve organs for trans-
plantation and not for saving life [12].

Dave et al. in their paper discussed the ethical 
considerations of using OP-ECMO in donation 
after determination of brain death to avoid the 
loss of organs for transplantation [13].

The various ethical dilemmas of OP ECMO 
that need to be addressed include:

• Timing: ECMO in patients who are yet to be 
declared brain dead (including those who have 
not yet been tested for brain death) may poten-
tially accelerate death due to the risk of poten-
tial intracranial bleed. If post initiation, brain 
death testing is negative, then it is a wasted 
cost and morbidity and discomforting to the 
patient. Hence, consent for ECMO initiation 
should be done after determination of brain 
death and not for the determination of brain 
death. If done for brain stem death testing, it 
should not be organ preserving and consent 
should be for determination of brain death not 
for OP ECMO.

• Cannulation: Cannulation can be considered 
invasive but not as invasive as the organ dona-
tion process itself. Cannulation requires hepa-
rinisation, which could lead to potential 
bleeding. Adequate pain relief should be pro-
vided even following brain death declaration.

• Consent: If pre-existing consent for organ 
donation is available in the national registry or 
in countries permitting presumed consent, the 
failure to opt out can itself be considered as 
consent for OP ECMO.  However, in the 
absence of any such declaration of a patient’s 
wish, consent from next of kin is required 
prior to the initiation OP ECMO.

• Cost and resources: ECMO is an expensive 
and resource-intensive procedure necessitat-
ing expertise and specialized equipment. 
Hence, many questions need to be addressed 
as regard the cost of the treatment. Liver trans-
plant itself being an expensive program, the 
added cost of ECMO may be justified if it 
leads to a good outcome and definitely not at 
the cost of depriving a therapeutic ECMO in 
another needy patient.

29.8.4  Donation After Cardiac 
Death (DCD) [14]

DCD has not been implemented systematically in 
India because of the lack of clarity about it either 
in the original THOA or its subsequent amend-
ments. However, the point worth mentioning is 
that there is nothing mentioned against perform-
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ing such donations. In India, DCD can happen 
only in category II B and IV patients (Table 29.4). 
Considering Category III patients for DCD may 
be questionable as it involves withdrawal of life 
support in end-of-life situations and, there are no 
clear guidelines for this practice at present [15].

Steps of DCD are as shown in Fig. 29.6. The 
ischemia time known as functional ischemia time 
begins from the time patient is disconnected from 
the ventilator and also withdrawal of inotrope 
support. At this time the patient’s blood pressure 
and oxygenation starts dropping and organ 
hypoxia begins. The warm ischemia time lasts 

from the point of asystole, till the end of manda-
tory no touch period. The duration of no touch 
period to confirm cardiac death varies in different 
countries. The standard duration of no touch 
period can range from minimum of 5 min up to 
20 min as in Italy.

This mandatory no-touch period is followed 
by rushing the donor to an adjoining OT, fol-
lowed by incision and cannulation of the aorta 
and initiation of cold perfusion, which is consid-
ered as the start of cold ischemia time (CIT). This 
could vary but could last anywhere up to another 
30–40 min.

Table 29.4 The modified Maastricht classification of DCD in Paris 2013 [15]

Maastricht classification Presentation of death DCD situation
Category I Found dead

I A. Out-of-hospital sudden unexpected 
irreversible cardiac arrest with unsuccessful 
resuscitation
I B. In—hospital sudden unexpected 
irreversible cardiac arrest with unsuccessful 
resuscitation

Uncontrolled

Category II Witnessed cardiac arrest
II A. Out of hospital
II B. In hospital

Uncontrolled

Category III Planned withdrawal of life sustaining 
therapy

Controlled

Category IV Cardiac arrest in brain dead donor Uncontrolled

DCD Protocol

Candidate-patient not
salvageable but does not
meet brain dead criteria

WLST
Desaturation
Hypotension

Topical cooling
cold perfusionCirculatory Arrest

Removal of
ventilatory and

inotropic support
anaesthesia

room close to OT

The time from
withdrawal of life

support to
cardiac asystole
= agonal period

Once cardiac
asystole-then 5

mins NO TOUCH
PERIOD

Rush to OT-
incision

cannulate aorta
and cold

perfusion with
UV solution

Rapid retrieval
of organs

Family consents for
WLST as recovery

attempts futile

Functional WIT

Agonal period WIT CIT

Fig. 29.6 Steps of DCD
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The extended WIT results in rapid cell isch-
emia and ATP depletion, which can be slowed 
down by cold perfusion but cannot be reversed. 
Hence, if the delay in cold perfusion causes the 
ATP depletion to reach a critical level, the organ 
is rendered unusable due to cell death, and the 
outcomes would be poor if it were to be trans-
planted (Fig. 29.7).

ECMO on the other hand allows for replenish-
ment of ATP by perfusing the organs with oxy-
genated blood, while they are being retrieved and 
this delays the critical point and can thus prevent 
cell death.

DCD has been discussed in detail elsewhere, 
thus the discussion here will remain limited to 
ECMO assisted DCD (EDCD)/Extracorporeal 
Interval Support for Organ Retrieval (EISOR).

• Steps of EDCD
• Results of EDCD
• Challenges of EDCD

The steps of EDCD are as shown in Fig. 29.8. 
Here, the withdrawal of life support is possible in 
the ICU itself or in the OT, depending on the can-
nulation and clamping laws of the country. The 
patient’s femoral artery and vein are cannulated 
or guide wires are placed, and the patient is 
prepped for ECMO cannulas either prior to start-
ing DCD process or after the no-touch period. 

The blood flow returning to the aorta needs to be 
limited to below the diaphragm to prevent the 
reanimation of the heart and brain. This can be 
done by directly clamping the aorta after incision 
and inserting ECMO cannulas directly into the 
abdominal aorta and inferior vena cava. This is 
the procedure adopted for EDCD in the UK, 
where no intervention is permissible on a patient 
prior to the end of the no-touch period post with-
drawal of life support. The UK additionally only 
allows clamping of the abdominal aorta to pre-
vent the resumption of circulation to the heart 
and lungs. The no touch period in UK is 5 min. 
Italy on the other hand has a long no touch period 
of 20  min. Pre-mortem cannulation is allowed, 
and hence, withdrawal of life support can be done 
in the ICU. The cannulation requires hepariniza-
tion, which can potentially lead to a bleeding risk 
and hasten death; hence, some countries allow 
only the insertion of guide wires and prepping, 
and cannulas are ready to be inserted post- 
mortem. The aortic cut-off to separate the abdom-
inal circulation is achieved by retrograde 
endovascular balloon occlusion of the aorta 
(REBOA) (Fig.  29.9). Most countries that use 
pre-mortem percutaneous cannulation use 
REBOA. However, there is a potential risk of bal-
loon malfunction leading to circulation through 
upper body. This may cause reanimation and lead 
to confusion regarding the diagnosis of death, 

Warm ischaemia

Cold
ischaemia

Critical level of
ATP for cell death

Time

ATP depletion during DCD

A
T

P
 le

ve
ls

Warm ischaemia
Cold
ischaemia

Replenish ATP with
NRP (ECMO)

Critical level of
ATP for cell death

Time

ATP depletion during EDCD

A
T

P
 le

ve
ls

Fig. 29.7 Depletion 
pattern of ATP during 
WIT and CIT during 
retrieval of organs 
during DCD and EDCD
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EDCD Protocol

WLST
Desaturation
Hypotension

ECMOCirculatory Arrest

Removal of
ventilatory

and inotropic
support in

ICU or
anaesthesia
room close

to OT

The time from
withdrawal of
life support to

cardiac
asystole =

agonal period

Placement of
femoral

arterial and
venous

cannulae prior
to or after

declaration of
death

A proximal
aortic

occlusion
balloon is

inserted into
thoracic aorta
for selective
perfusion of
abdominal

organs(REBOA)

Once cardiac
asystole - 

then 5 mins
NO TOUCH

PERIOD after
complete
asystole

VA ECMO
circuit-ECS
target flow >
50 ml/kg/min
and inflation
of REBOA
(EISOR)

Maintain
normothermic

regional
perfusion to the

abdominal
organs for

satisfactory
in situ

assessment
(NRP)

Functional WIT ATP replenished

Agonal period WIT RP/NRP

Family consents for
WLST as recovery

attempts futile

Candidate-patient not
salvageable but does not
meet brain dead criteria

Fig. 29.8 Steps of EDCD

Sweep gas (Air –O2)

Centrifugal
pump

Membrane 

Venous
Arterial 

Membrane Lung

Femoral vein Femoral
Artery 

Return cannulaAccess cannula

REBOA
Diaphragm

IVC
Aorta

Fig. 29.9 Placement of 
cannulas in femoral vein 
femoral artery and of 
REBOA in aorta at the 
level of the diaphragm to 
limit ECMO circulation 
to abdominal organs and 
prevent reanimation of 
heart and brain

which could be very distressing to the family and 
physicians. Hence, REBOA is not used routinely 
by all nations.

Regional perfusion (RP) DCD: ECMO is initi-
ated at the point when profound hypotension sets 
in, to provide cold circulation through the abdom-
inal organs, thereby helping with the replenish-

ment of ATP, while the thoracic organs are 
retrieved or remain at normal body temperature 
(normothermic). NRP is continued for several 
hours while assessing the organs for appearance, 
function, and biochemistry. This allows time to 
resuscitate the organ and establish confidence 
that the organs are fit for transplant. Dual tem-
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perature NRP with abdominal normothermic per-
fusion and concomitant cold lung flushing allows 
a rapid removal of the lungs with preservation of 
the abdominal normothermic circulation through-
out the thoracic procurement [16]. Normothermic 
machine perfusion (NMP) uses this principle by 
cannulating the liver alone and circulating UV 
solution with nutrients while assessing the func-
tion of the organ [17]. However, the time needed 
to retrieve and cannulate the organ translates to 
longer WIT and CIT, although currently, there is 
no evidence of long-term results of NRP versus 
NMP.

While NRP can be continued on an average of 
up to 4 h, the abdominal organ appearance and 
functions are assessed as described in Table 29.5 
and Fig. 29.10.

Results of EDCD: RP by ECMO is increas-
ingly being advocated as a useful remedy for the 
effects of ischemia/reperfusion injury, and it has 
been reported to enable the transplantation of 
organs from donors previously deemed unsuit-
able. In a systematic review, Shapey et  al. 
reported the outcomes of 482 kidneys and 79 liv-
ers that were transplanted from regional 
perfusion- supported donors after circulatory 
death (RP-DCD) sources [18, 19].

The 1-year patient and graft survival rates for 
RP-DCD kidney transplantation were better than 
the rates with standard DCDs and were compa-
rable to, if not better than, the rates with DBDs. 
Most studies reported PNF rates of 0%, with the 
remainder reporting rates comparable to those for 
DBDs older than 60  years. The rates of acute 
rejection in all RP-DCD groups were lower than 
the rates with other donor types.

The 1-year graft survival was lower with 
uncontrolled RP-DCD liver transplantation, 
whereas 1-year patient survival was similar. 
Primary nonfunction and ischemic cholangiopa-

thy were significantly more frequent with 
RP-DCDs versus DBDs, but there was no differ-
ence in postoperative mortality between the two 
groups. Controlled normothermic regional perfu-
sion supported donors after circulatory death 
(NRP-DCDs), reported a rate of 91% for 1-year 
patient and graft survival (10/11), better than that 
with standard DCDs. Patient survival was similar 
to that for DBD but was significantly better than 
that for DCD recipients.

29.8.5  Challenges and Ethical Issues 
of EDCD [20]

The challenges of EDCD are ethical, financial, 
and logistic. Although EISOR looks promising, it 
presents several ethical challenges, specifically, 
the dignity of death and questionability of the 
pre-mortem and post-mortem interventions. The 
ethical issues need to be resolved by legislation 
clearly outlining candidature, timing, consent, 
and resource allocation to an EDCD program.

The confounding issues or challenges can be 
as in Table 29.6.

The ethical and legal framework of each coun-
try is different, and no common worldwide con-
sensus is possible due to different social, 
economic, and religious beliefs regarding organ 
transplantation. It is easier to implement EDCD 
in countries that maintain a national register or 
have an opt-out policy for organ donation 
(Fig. 29.11).

29.8.6  Logistic, Economic, 
and Social Questions

ECMO is a cost intense programme and also 
necessitates trained manpower for successful 

Table 29.5 The various laboratory indicators of organ viability during NRP

Liver Kidney Pancreas
Bile production
LFT evolution
Improving lactates on serial measurements
Post-perfusion gross appearance
Normalizing pH

Urine output
Urine chemistry

S-amylase
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Fig. 29.10 NRP charting of ECMO flow, temperature, volumes, and pressures. Organ function biochemistry and blood 
gases are noted, and the trend shows if organ function is good or there are markers of cell death
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Table 29.6 The ethical issues that can arise the drawbacks and advantages or alternative methods to overcome the 
issues are outlined

Consent Individuals may consent by 
designating the decision on a driver’s 
license, in advance directives and 
wills, or through an online donor 
registry. If no previous consent by a 
patient exists, a surrogate will usually 
have to give consent if the patient is 
unable

Individuals who consent to organ donation may not 
understand the dying process or be aware of the 
ethical dilemmas involved in organ donation

Conflict of interest Organ donation should be considered 
after decision for WLST

Consent for donation to be taken by a trained 
individual not part of the care team after decision 
to withdraw life support has been made else there 
may be a bias

Organ procurement teams and 
transplant surgeons are not to be 
involved in the decisions or act of 
withdrawing support or declaring 
death

There may be bias in decision to withdraw life 
support if the team caring for donor and treating 
recipient are the same

The challenges of 
EDCD are ethical, 
financial, and 
logistic

The challenges of EDCD are ethical, 
financial, and logistic

The challenges of EDCD are ethical, financial, and 
logistic

Although EISOR 
looks promising, it 
presents several 
ethical challenges, 
specifically, the 
dignity of death and 
questionability of the 
pre- mortem and 
post-mortem 
interventions. The 
ethical issues need to 
be resolved by 
legislation clearly 
outlining 
candidature, timing, 
consent, and 
resource allocation 
to an EDCD 
program

Although EISOR looks promising, it 
presents several ethical challenges, 
specifically, the dignity of death and 
questionability of the pre- mortem and 
post-mortem interventions. The 
ethical issues need to be resolved by 
legislation clearly outlining 
candidature, timing, consent, and 
resource allocation to an EDCD 
program

Although EISOR looks promising, it presents 
several ethical challenges, specifically, the dignity 
of death and questionability of the pre- mortem and 
post-mortem interventions. The ethical issues need 
to be resolved by legislation clearly outlining 
candidature, timing, consent, and resource 
allocation to an EDCD program

The ethical issues 
are as below

The ethical issues are as below The ethical issues are as below

The challenges of 
EDCD are ethical, 
financial, and 
logistic

The challenges of EDCD are ethical, 
financial, and logistic

The challenges of EDCD are ethical, financial, and 
logistic

(continued)
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implementation of ECMO. Some of the logistic, 
economic, and social questions which need to be 
addressed when considering implementation of 
ECMO care in transplantation programme 
include:

Cost of ECMO: The question of who will bear 
the added cost of the ECMO especially when the 
organs cannot be used for transplantation.

More trained teams are needed for successful 
ECMO: Specialized ECMO team with cannula-
tion and perfusion knowledge are required and at 
unpredictable times.

The priority in using ECMO should be pri-
marily for a therapeutic ECMO candidate rather 
than an organ. ECMO for organ preservation can 
be supplemented using NMP after rapid retrieval.

Transport of donor exclusively to a specialist 
centre with ECMO facility and transplant pro-
gram to support EDCD may not be acceptable.

29.8.7  Challenges in the Use 
of ECMO for Organ Donation 
Specific to India

Currently, in India, there are no specific guide-
lines for withdrawal of life support in patients 
who are not brain dead; thus, DCD is possible 

only in Maastricht category IV patients. Indian 
experience in DCD is very limited. PGI 
Chandigarh is the only centre which has reported 
DCD in five cases, where CPR was initiated after 
mandatory 5  min non touch period following 
asystole and rapid recovery was done in OT. Only 
the kidneys were used, and all donors were in 
hospital witnessed arrest uncontrolled Maastricht 
type [21].

DCD and OP ECMO are resource intensive 
may come up for consideration at unpredictable 
times of the day necessitating availability of spe-
cially trained team. There is no clarity on the 
legal implications of OP ECMO in unstable 
braindead donors.

ECMO program in India is new and families 
need detailed counselling for therapeutic 
ECMO. In such situations, counselling a family 
for organ donation after brain death on ECMO 
becomes more challenging. Acceptance and 
standardisation of procedure for brain stem test-
ing for a patient on ECMO is lacking the world 
over.

However, as the deceased organ donation rates 
in India are very dismal, necessitating a need for 
expanding the inclusion criteria for organ donors 
which should also include patients on ECMO and 
donation after circulatory death.

Table 29.6 (continued)

Although EISOR 
looks promising, it 
presents several 
ethical challenges, 
specifically, the 
dignity of death and 
questionability of the 
pre- mortem and 
post-mortem 
interventions. The 
ethical issues need to 
be resolved by 
legislation clearly 
outlining 
candidature, timing, 
consent, and 
resource allocation 
to an EDCD 
program

Although EISOR looks promising, it 
presents several ethical challenges, 
specifically, the dignity of death and 
questionability of the pre- mortem and 
post-mortem interventions. The 
ethical issues need to be resolved by 
legislation clearly outlining 
candidature, timing, consent, and 
resource allocation to an EDCD 
program

Although EISOR looks promising, it presents 
several ethical challenges, specifically, the dignity 
of death and questionability of the pre- mortem and 
post-mortem interventions. The ethical issues need 
to be resolved by legislation clearly outlining 
candidature, timing, consent, and resource 
allocation to an EDCD program

J. Y. Haji



391

Italy

• No planned DCD (type 3 and 4)
• ECS is applied to out-of-hospital arrests (type
  1 and 2) as a bridge to recovery or bridge to
  organ testing, judicial clearance, and procurement.

Spain

• RP DCDS only in controlled DCDs
• Special consent for premortem cannulation
  and heparinisation
• Law same for DCD and RP DCD

USA

• No additional ethico-legal provisions for RP-
  DCD over DCD
• Declaration of death has to be done before any
  organ preserving methods

Taiwan,
Japan,
Russia

• No RP till cessation of cerebral and cardiac
  blood flow
• Balloon occlusion inadequate-Clamping of
  supra coeliac or thoracic aorta 
• Pre-mortem interventions not lawful

UK

• Permits pre-mortem cannulation by law only if
  first person informed consent previously given
  by donor 

Switzerland

• Longest stand off time (20 mins)
• Allows pre-mortem cannulation and balloon
  insertion

IIIttttaaaaallyItaly

Fig. 29.11 Practices in various countries based on the legal provisions

29.8.8  ECMO in Liver Transplant 
Recipients: Who Would 
Benefit?

Patient selection criteria for ECMO are very 
important. Liver transplant recipients with addi-
tional cardiac and/or respiratory failure could be 
considered for ECMO.

Multiple organ involvement is common in 
liver disease. Most CLD patients may have more 
than one associated system decompensation such 
as hepatorenal syndrome, hepatic encephalopa-
thy (even coma) coagulopathy (low platelets, 
high INR, low fibrinogen), and GI bleed, all of 
which are relative contraindications for the use of 
ECMO [22–24].
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The challenges for instituting ECMO success-
fully in a CLD patient awaiting transplant or in 
the immediate post-transplant period could be as 
follows:

• Instrumentation of the major neck vessels, 
especially in post-transplant patients or those 
awaiting transplant would be challenging

• Anticoagulation for ECMO in patients who 
may already be coagulopathic

• Risk of bleeding (local and internal)
• Exposure to blood products.
• Vascular complications (local vessel damage, 

limb ischaemia).
• Infection (line sepsis) in a patient who will 

receive immunosuppressant medications
• Cost considerations/Manpower 

considerations

However, a review of literature shows that 
ECMO has been attempted successfully in liver 
failure patients who are too sick to undergo trans-
plant. ECMO aids in stabilising them preopera-
tively to make them transplant-worthy or salvage 
them with ECMO postoperatively in case of 
complications. The availability of bedside visco- 
elastic tests of coagulation, improved ECMO 
machines, and bio-lined tubing’s and cannulas 
make it easier to avoid anticoagulation in sick 
coagulopathic patients. Another advantage is that 
all other extracorporeal therapies can be added in 
series while maintaining haemodynamics with 
ECMO, thereby alleviating the need for harmful 
doses of inotropes, which can lead to further end- 
organ damage.

The situations where ECMO has been consid-
ered in liver failure patients are

• Acute liver failure
• Hepato-pulmonary syndrome
• Poor cardiac functional status
• Porto-pulmonary hypertension
• Post-transplant ARDS

29.8.9  Acute Liver Failure

ALF may present as a complex situation with multi-
organ involvement and features of extreme coagu-
lopathy and/or encephalopathy. However, it presents 
abruptly with varied aetiologies, in otherwise young 
and fit individuals with no past comorbidities. Many 
extracorporeal therapies such as continuous renal 
replacement therapy (CRRT), plasma exchange, 
and molecular adsorbent recirculating system 
(MARS) have all been used in the past either to aid 
in recovery or to bridge patients to transplant.

ECMO is expected to be beneficial in cases of 
severe circulatory collapse with rapidly escalat-
ing inotrope score or pulmonary complications 
due to fluid overload and VAP. In these patients, 
ECMO may help to stabilize the patient, who 
would otherwise be too sick to transplant. The 
largest reported series is from King’s Hospital, 
London where they were able to salvage two 
patients who presented with cardiogenic shock 
and ALF on ECMO without transplant. They suc-
cessfully bridged five patients who were deemed 
too sick to transplant of which only one survived 
to hospital discharge [25].

29.8.10  ECMO in Hepatopulmonary 
Syndrome

Hepatopulmonary syndrome (HPS) is a triad of 
liver disease, intrapulmonary vascular dilatation, 
and abnormal gas exchange, and it is found in 
10–32% of patients with liver disease.

The algorithm for the management of severe 
HPS consists of various supportive therapies, as 
shown in Fig. 29.12 [26].

Patients with HPS are acclimatized to very 
low blood oxygen levels due to large shunts in the 
lung due to neovascularisation.

Most reported cases of HPS and ECMO are in 
patients that have had superadded ARDS or fluid 
overload complicating the hypoxia.
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Trendelenburg
position

Inhaled nitric
oxide

Inhaled
epoprostenol

IV Methylene
blue with or

without inhaled
vasodilators

Invasive
techniques like 
1) Embolization
of lower lobar
pulmonary
vessels and
2) ECMO
are last resorts if
all else fails. 

Fig. 29.12 Algorithm 
of management of HPS 
with severe hypoxia 
preoperatively

There are isolated case reports of the success-
ful use of ECMO as a bridge to liver transplant in 
an extremely hypoxemic cirrhotic HPS patient 
with ARDS [27].

Early liver transplant, which helps in the 
reversal of blood shunting in the lungs by hypoxic 
pulmonary vasoconstriction, is the only definitive 
treatment of hepatopulmonary syndrome. There 
are concerns that ECMO in the post liver trans-
plant setting may potentially reverse hypoxic pul-
monary vasoconstrictive responses by flooding 
the lungs with oxygen-rich blood and delay the 
reversal of shunting. However, this is only a theo-
retical concern as there are reports of successful 
use of ECMO [28, 29].

29.8.11  Perioperative ECMO

This application of ECMO has been described in 
patients with poor cardiac functional status. There 
is a case report of successful liver transplant in a 
patient with severe mitral regurgitation, severe tri-
cuspid regurgitation, dilated left atrium and left 
ventricle, cardiac insufficiency, pulmonary arterial 
hypertension, and hypoxemia [30]. The patient 
underwent LT from a cardiac deceased donor. The 
surgery was completed by venoarterial ECMO. The 
femoral vessels were cannulated after the dissec-
tion of the patient’s liver and before venous clamp-
ing. The venous cannula was positioned below the 
renal vein, while the arterial cannula was up to the 
common iliac artery.

VA ECMO can also be an intraoperative res-
cue option in case of myocardial decompensation 

to stabilize the heart [31]. Porto pulmonary 
hypertension recognized during liver transplanta-
tion was addressed by ECMO and has been 
reported by Martucci et  al. [32]. An interesting 
case of ECMO as a bridge to lung transplantation 
in a patient with persistent severe portopulmo-
nary arterial hypertension following liver trans-
plantation has also been reported by Wiklund 
et al. [33].

Post-Liver Transplant There are many occa-
sions when a patient presents with ARDS in the 
immediate post-transplant period due to fluid 
overload, massive transfusion, or with septic 
shock. This situation is difficult as decision to 
salvage these patients with ECMO can be fraught 
with multitude of challenges as they are immune 
compromised which makes them susceptible to 
line sepsis. They present additional challenges 
like limited vascular access, coagulopathy, kid-
ney decompensation after major surgery and a 
new graft which needs time to reverse the chronic 
liver failure. Hence it is important to consider 
ECMO only if there is a clear involvement of 
lungs or heart with a reversible treatable cause. 
Post liver transplant patients in multi organ fail-
ure should not be considered for ECMO. The sur-
vival of patients who received ECMO for septic 
shock in adults was 25% and review of literature 
shows that the survival of adult LT recipients 
with refractory septic shock was 25% (2 of 8) 
despite ECMO support though the study cohort 
was small [34, 35]. Hence septic shock in an 
immunocompromised post-operative patient is a 
poor indication for ECMO.
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29.8.12  In Summary, When Should 
ECMO Be Offered 
for the CLD Patient 
Awaiting Liver 
Transplantation? [36, 37]

HPS with refractory hypoxaemia, especially due 
to superadded insults of ARDS/volume overload 
preoperatively, perioperatively, or post-liver 
transplant, as deemed necessary.

ALF with MOF
Patients with cardiac conditions who may not 

tolerate the stress of liver transplant
Post-operative ARDS
Younger recipients below 60 years of age
When both ECMO and liver transplant ser-

vices are available in the same centre.

29.9  Conclusion

ECMO has become an extension of therapies to 
stabilize heart and lung in critically ill ICU 
patients failing conventional therapy. ECMO and 
transplant programs with their multidisciplinary 
team and advanced critical care knowledge 
requirement would tend to be available in the 
same hospital setups. Hence it is vital to under-
stand the applications of this technology in trans-
plant patients. While ECMO can be a bridge to 
heart and lung transplants, for liver transplant it 
has a good potential to expand the donor pool and 
improve the organ outcomes. For perioperative 
liver transplant patient stabilisation with ECMO 
careful patient selection and planning could 
potentially yield better outcomes in patients 
deemed too ill to transplant. For this a better 
understanding of ECMO principles and their 
applications is vital.
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30Critical Care Management of Acute 
Liver Failure

CH. Balasubrahmanyam  and Palepu B. Gopal 

30.1  Introduction

Acute liver failure (ALF) is a severe and complex 
condition that results from acute and massive 
hepatocellular destruction with very poor prog-
nosis, with an approximately 80% mortality rate 
in historical series. ALF is an infrequent condi-
tion, with an incidence of 1–8 cases per million 
inhabitants, and it is responsible for 6% of deaths 
due to liver disease and up to 7–8% of liver trans-
plants [1]. ALF mainly affects young adults, with 
a peak age between 35 and 45  years. Women 
account for approximately 60% of cases [2]. The 
development of cerebral oedema, sepsis and mul-
tiple organ failure are the main causes of mortal-
ity [3].

30.1.1  Definition and Classification

Acute liver failure was first described by Trey C 
and Davidson [4] as “hepatocellular dysfunction 
of such severity that encephalopathy occurs 
within eight weeks of appearance of first symp-
toms in the absence of pre-existing liver dis-

ease.” In 1993, O’Grady et al. [5] based on data 
from King’s College subdivided ALF into 
hyperacute, acute, and sub-acute presentation 
depending on the interval from onset of disease 
to onset of encephalopathy. The most widely 
accepted definition is by American association 
of study of liver disease [6] who in 2005 defined 
ALF as a clinical syndrome characterized by 
evidence of coagulopathy (international normal-
ized ratio [INR] >5) and any degree of altered 
mental status in a patient without pre-existing 
liver disease and duration of illness <26 weeks. 
Hepatic encephalopathy (HE) is usually consid-
ered the hallmark of Hyderabad, Telangana, 
India this disease and differentiates ALF patients 
from those with acute liver injury [7] (Fig. 30.1).

O’Grady’s classification possesses the advan-
tage of having prognostic value [5] (Fig. 30.2). 
Thus, the time between the presentation of jaun-
dice and the onset of HE subdivides patients into 
three categories (hyperacute, acute, and sub- 
acute), which are useful to define the prognosis. 
The hyperacute form has a better prognosis but a 
higher incidence of cerebral oedema. On the 
other hand, acute and sub-acute presentations 
have a worse prognosis, but a lower incidence of 
cerebral oedema [8].

Critical care management of acute liver failure 
can be sub-divided into etiological and organ 
specific management (Table 30.1).
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Fig. 30.1 Pathophysiology of acute liver disease
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Hyper
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acute Sub acute

11D-8Wk

Fig. 30.2 Classification systems of acute liver failure

Table 30.1 Etiological management of acute liver failure

Category Etiology Common c/f Treatment
Viral hepatitis Hepatitis A virus Hyperacute presentation;

ALF is more common in older 
patients or those with underlying 
liver disease

Supportive

Hepatitis B 
virus ± delta virus

Entecavir (taken on an empty 
stomach) or tenofovir at standard 
renal adjusted
Doses

Hepatitis E virus History of travel to endemic areas 
or those with exposure to porcine 
farm animals; has a higher risk 
during pregnancy, especially in the 
third trimester

Herpes simplex virus Immuno compromised patient Acyclovir: 10 mg/kg IV every 
8 hours (using IBW) adjusted for 
kidney
Function

Varicella zoster virus Manifested by a vesicular rash
Cytomegalovirus Rare and controversial as to the 

potential for causing ALF
Ganciclovir: 5 mg/kg IV every 
12 h (using IBW) adjusted for 
kidney function

Epstein–Barr virus
Human herpesvirus-6
Adenovirus, coxsackie 
B virus, hemorrhagic 
fever virus

Rare causes of ALF
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Table 30.1 (continued)

Category Etiology Common c/f Treatment
Drugs Idiosyncratic reactions Isoniazid, nonsteroidal anti- 

inflammatory drugs, carbamazepine
Dose-dependent 
hepatotoxicity

Acetaminophen, sulfonamides, 
tetracycline

Oral NAC: 140 mg/kg loading 
dose, then 70 mg/kg every 4 h
IV NAC: 150 mg/kg loading dose, 
then 50 mg/kg IV over 4 h, then 
100 mg/kg IV over 16 h as a 
continuous infusion

Herbal supplements Patients’ families must be asked 
about treatment history

Vascular 
diseases

Right heart failure
Sinusoidal obstruction 
syndrome

Most common following systemic 
chemotherapy in preparation for 
bone marrow transplantation

Budd-Chiari 
syndrome

TIPS/anticoagulation/liver 
transplantation

Ischemic hepatitis 
(shock liver)

Toxins Amanita phalloides 
toxin

Acute gastroenteritis; renal failure 
and pancreatitis

Charcoal: via NGT every 4 h 
alternating with silymarin
Penicillin G: 1 g/kg/day IV and 
NAC (Dosing as for 
acetaminophen overdose)
Silymarin: 300 mg PO/NGT every 
12 h
Legalon-SIL: 5 mg/kg/day IV 
(given in 4 divided doses) or 5 mg/
kg IV
Loading dose followed by 20 mg/
kg/day via continuous infusion

Bacillus cereus toxin Fried rice syndrome
Carbon tetrachloride
Yellow phosphorus

Metabolic 
diseases

Wilson disease Younger patients; Coombs negative 
hemolytic anemia, hypouricemia, 
and a low alkaline phosphatase 
level with a high bilirubin level

Reye syndrome Occurs in young children with viral 
syndrome and salicylate ingestion

Acute fatty liver of 
pregnancy

Associated with defects in fetal and 
maternal mitochondrial long-chain
3-hydroxyacyl coenzyme A 
dehydrogenase

Delivery of fetus

Malignant 
infiltration

Metastatic breast 
cancer

The most common solid organ 
metastasis to cause liver failure

Lymphoma
Autoimmune 
diseases

Autoimmune hepatitis Methylprednisolone: 60 mg/day 
IV

CH. Balasubrahmanyam and P. B. Gopal



403

30.2  Intracranial Hypertension 
(ICH), Hepatic 
Encephalopathy in ALF 
and Management

The most lethal complication associated with 
ALF is the development of Hepatic encephalopa-
thy (HE) and cerebral edema. (CE) As a conse-
quence of cerebral edema and increased 
intracranial pressure (ICP), CNS complications 
may range from ischemic and hypoxic injury to 
uncal herniation and death. ICH accounts for 
20–35% of the mortality in ALF [9]. The pres-
ence of severe HE is associated with a high fre-
quency of ICH (25–35% in grade III and up to 
75% in grade IV) [8]. ICH (defined as an ICP 
above 20–25 mmHg for >15 min) is one of the 
most severe complications of ALF and is associ-
ated with a poor prognosis [10]. Additional fac-
tors that may worsen the neurological outcome 
are the coexistence of infection or presence of 
inflammation without sepsis alongside the pres-
ence of other organ failure [10–12].The risk of 
developing intracranial hypertension (ICH) is 
higher in female and younger patients with severe 
liver failure (MELD >32), presenting in acute or 
hyperacute state [5] with renal failure, ionotropic 
therapy, and ammonium concentrations above 
200 mmol/L [11, 13, 14].

30.2.1  ICP Monitoring

The rationale for ICP measurement is based on 
retrospective trials that showed a prevalence of 
over 50% of ICH in ALF patients and an associa-
tion with elevated mortality risk [15]. Nonetheless, 
there is no randomized data available to evaluate 
the benefit of ICP monitoring [15–17].

30.2.2  Methods of ICP Monitoring

Direct and Invasive:-Invasive ICP monitoring can 
be obtained through two different approaches: 
intraparenchymal microtransducers and direct 

catheters (intraventricular, subdural or epidural). 
Epidural transducers are a relatively safe method 
[17]. However, it has a less-than-optimal degree 
of precision compared with other methods due to 
the damping effect of the surrounding dura mater. 
ICP evaluated by an intraparenchymal catheter 
has a good correlation with values obtained with 
intraventricular catheters [18]. The rates of infec-
tion from intraparenchymal catheters are mini-
mal but are associated with a bleeding rate of 7% 
and bleeding-related deaths of approximately 3% 
[15], but there was no 21-day mortality benefit in 
acetaminophen-related ALF and a worse progno-
sis in the non-acetaminophen group [15]. 
Therefore, placement of ICP devices remains a 
matter of intense debate, with their use reserved 
for patients at high risk of ICH, and in centers 
with large neurosurgical experience in ALF man-
agement [19–21].

All Indirect and Non-invasive techniques are 
complex and demonstrate considerable “inter 
and intra-assay” variability. Changes in CBF 
reflecting ischemia and vasodilation of the cere-
bral circulation and resistance to flow, with 
increased ICP, can be assessed using MCA 
Doppler [22]. An increase in CBF usually pre-
cedes the rise of ICP. Indirect data can be obtained 
by monitoring reverse jugular vein oxygen satu-
ration; values over 80% usually indicate hyper-
emia and under 55% relative ischemia. The latter 
suggests a scenario where cerebral oxygen con-
sumption is in excess of supply due to epilepti-
form activity (increased demand) or inadequate 
supply (hyperventilation and hypocapnia, inade-
quate blood pressure or cardiac index). The mea-
surement of optic nerve sheath diameter is also 
representative of ICP, according to a recent 
assessment [23].The optic nerve sheath is ana-
tomic continuity to meninges, is distensible and 
the ICP influences its diameter [24]. Thus, litera-
ture suggests the utility of ONSD measurement 
as screening method to ICH diagnosis, with a 
cut-off of 5.7  mm measured 3  mm behind the 
globe. CT and MRI may show radiological signs 
of brain oedema. However, the absence of these 
signs does not rule out ICH [25].
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30.2.3  Therapeutic Interventions

30.2.3.1  General Supportive 
Strategies

• Head end elevation to 30 degree with neck in 
neutral position.

• Intubation and mechanical ventilation in grade 
III and IV HE.

• Use propofol and low-dose fentanyl, and if 
needed cisatracurium once intubated [26].
Intermediate or long acting benzodiazepines 
should be avoided [27].

• Deploy low-tidal volume lung protective strat-
egy to prevent ARDS.  High-intrathoracic 
pressures result in cerebral venous outflow 
obstruction [28].

• For non-invasive approach for BP monitoring 
in suspected ICH - target a higher mean arte-
rial pressure goal (>80 mmHg).

• In case of concern of seizure activity, EEG 
monitoring should be undertaken and antiepi-
leptic drugs administered;
 – Phenytoin has traditionally been the medi-

cation of choice; however, agents without 
risk of hepatotoxicity and more easily 
achieved therapeutic levels such as leveti-
racetam or lacosamide are now more fre-
quently utilized.

• Avoid acid-base and electrolyte disturbances.
 – Hypokalemia, and metabolic acidosis 

which increases renal proximal tubule 
ammoniagenesis [29].

 – Metabolic alkalosis promotes formation of 
NH3+ from (NH4+) augmenting its pas-
sage across the blood–brain barrier [30].

 – Hyponatremia, which is a risk factor for 
cerebral edema via reduced extracellular 
osmolarity [31],

• Prevent hypoglycemia by initiating 10% or 
20% dextrose infusion in central line.

30.2.4  Specific Strategies

30.2.4.1  Strategies to Reduce 
Hyperammonemia

Lactulose: It is a nonabsorbable disaccharide. It 
is metabolized in caecum by enteric bacteria to 

lactate and acetate. This in turn lowers the cecal 
pH leading to increased fecal nitrogen excretion 
and decrease in serum ammonia levels [32, 33]. 
However, there have been no studies showing 
mortality benefit in ALF [34]; avoid lactulose via 
oral or NG route in ALF as it may cause bowel 
distention, worsening ileus, and complicating 
transplant surgery. If used, it is safer to be given 
rectally.

Rifaximin: It is an oral antibiotic with a broad 
spectrum activity against enteric bacteria. Its pos-
sible benefit in lowering ammonia in patients 
with ALF has not yet been explored [34].

LOLA & LOPA: LOLA (L ornithine L aspar-
tate) is a stable salt of the amino acids ornithine 
and aspartic acid. These two amino acids get con-
verted to glutamate in the muscles and hepato-
cytes. Glutamate is the substrate on which the 
enzyme glutamine synthase (present in the mus-
cle as well as liver), acts and combines it with 
ammonia to make glutamine and thereby reduces 
blood ammonia levels [35]. A recent placebo 
controlled double blind RCT [36] in ALF showed 
that LOLA did not decrease ammonia levels, and 
improved neither encephalopathy nor survival. In 
the above mentioned study ammonia levels were 
measured for 6  days among patients receiving 
LOLA as well as placebo, however, the rate of 
decline of ammonia was also similar between the 
two arms. Peculiarly, patients receiving LOLA 
had more frequent seizures. Very high glutamine 
levels in the systemic circulation are found in 
ALF [37, 38]. LOLA could theoretically further 
increase ammonia detoxification by the skeletal 
muscle by increased glutamine synthesis. This 
glutamine is recirculated back to the intestine and 
kidney where it is broken down to ammonia and 
glutamate by glutaminase, thus LOLA is ineffec-
tive in reducing the ammonia levels.

LOPA (L ornithine phenyl acetate):- Phenyl 
acetate combines with glutamine to form phenyl-
acetyl glutamine which is water soluble and is 
excreted in urine, but human studies are yet to 
find a beneficial effect and is contraindicated in 
renal failure.

Renal replacement therapy: Continuous renal 
replacement therapy (CRRT) is recommended 
over intermittent hemodialysis [39] because of 
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lower fluctuations in ICP and improved 
 hemodynamic stability in the setting of AKI and 
other conventional indication for dialysis therapy 
(e.g., metabolic acidosis and hyperkalemia) [40, 
41]. CRRT using continuous veno venous hemo-
filtration with high-filtration volume (90 ml/kg/h) 
has been shown to be an effective method of rap-
idly lowering serum plasma ammonia levels [42, 
43]. Early CRRT helps to maintain euvolemia, 
augment ammonia clearance [42, 43], correction 
of electrolyte and in acidosis correction. Initiating 
CRRT with isotonic dialysate in patient with 
intracranial hypertension and induced hyperna-
tremia can cause rebound edema from dialysis 
disequilibrium syndrome and precipitate brain 
herniation, so use hypertonic dialysate or hyper-
tonic saline infusion in post filter return arm of 
CRRT.

30.2.5  Prophylactic Strategies

• Hypertonic saline used to prophylactically 
elevate serum sodium level between 145 and 
155  meq/l has been demonstrated to reduce 
the incidence and severity of intracranial 
hypertension in grade 3 and 4 hepatic enceph-
alopathy patients is a single center study [44].
Prophylactic hyperventilation does not pro-
vide a benefit in terms of reducing the inci-
dence of cerebral oedema [45].

• The prophylactic use of antiepileptic drugs is 
not warranted [46].

• Prophylactic antibiotics have been shown to 
reduce the risk of infection that later stages of 
encephalopathy are associated with increased 
incidence of cerebral edema, and that fever 
may worsen intracranial hypertension [47].

• Recently, the role of prophylactic hypother-
mia was evaluated in a randomized trial. This 
study [48] included 46 patients with intracra-
nial pressure monitoring that were random-
ized to hypothermia (targeted temperature of 
33–34  °C) or normothermia (36  °C) treat-
ments. Interestingly, although the target tem-
perature was consistently achieved in both 
groups, there was no difference in the inci-
dence of sustained elevation of ICP (35% vs. 

27% in intervention and control group, respec-
tively) or in overall survival.

30.3  Specific Strategies to Reduce 
Cerebral Edema and ICH

ICP should be maintained below 20–25  mmHg 
and the difference between MAP and ICP (cere-
bral perfusion pressure, CPP) should remain 
above 50  mmHg [49]. Sustained surges in ICP 
(>25  mmHg) or development of clinical signs 
should be treated immediately, with Osmotherapy.

Hypertonic saline with sodium goal of 145–
150 meq/l can be used either as:

 1. Continuous infusion: 3% NaCl titrated 
between 30 and 100 ml/h or.

 2. Intermittent bolus dosing: 200  ml of 3% 
sodium chloride.

Mannitol reduces brain water through its 
osmotic effect and improves cerebral perfusion 
through RBC rheological effect, in a dose of 
0.5–1  g/kg bodyweight bolus. It should be 
avoided if plasma osmolarity >320  mOsm/l or 
osmolar gap >20 mOsm/l. High doses can result 
in acute renal failure and damage to the 
BBB. Mannitol [50] works best in mild to moder-
ate intracranial hypertension and is less effective 
when the ICP is greater than 60 mmHg.

Hyperventilation [51] produces cerebral vaso-
constriction secondary to CSF alkalosis, reduces 
vascular inflow, and eventually decreases ICP 
although its effect is short-lived and cerebral 
vasoconstriction can generate areas of cerebral 
ischemia, which can potentially worsen cerebral 
edema by causing cerebral hypoxia [52]. Based 
on available evidence, there is no role for prophy-
lactic hyperventilation in patients with ALF.  If 
life-threatening ICH is not controlled with 
osmotherapy and other general management, 
hyperventilation may be instituted acutely to 
delay impending herniation; beyond this acute 
situation, forced hyperventilation cannot be rec-
ommended as routine management.

Hypothermia reduces CBF and the entry of 
ammonia into the brain, decreases the availability 
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of glutamate in the cerebral extracellular space, 
and diminishes anaerobic glycolysis [53]. In 
1999, Jalan et al. [54] showed that a temperature 
reduction to 32–33 °C was associated with a sig-
nificant decrease in ICP.  A recent retrospective 
study [55] showed that therapeutic hypothermia 
had no impact on overall or transplant-free sur-
vival. However, this warrants an RCT to evaluate 
the role of hypothermia on overall survival. Also, 
hypothermia has not been compared to normo-
thermia in a controlled trial, and has not been 
shown to improve transplant-free survival. 
Potential deleterious effects of hypothermia [56] 
include increased risk of infection, coagulation 
disturbance, and cardiac arrhythmias; while con-
cern about the effect of hypothermia on hepatic 
regeneration [57] has also been raised. Its utility 
in controlling ICP remains an attractive and use-
ful intervention in the ICU, and perhaps should 
be reserved for refractory intracranial hyperten-
sion or refractory hyperammonemia. Considering 
the risk and benefits, a reasonable approach [58] 
would be to use a milder goal for hypothermia 
starting at 35 °C. Though literature reports that 
hypothermia decreases ICP there is no beneficial 
effect on mortality.

Indomethacin inhibits endothelial cyclooxy-
genase, produces cerebral vasoconstriction, and 
decreases CBF. Toefteng et al. [59] evaluated the 
effect of indomethacin ICP in 12 ALF patients 
and reported significant reduction in ICP and an 
improvement in CPP.  While further studies are 
awaited its use may be considered in refractory 
cases. A Randomized Control Trial [60] ALF 
patients corticosteroids failed to improve cere-
bral edema or survival, and is not advocated. 
Based on head injury data, IV thiopental [61] was 
assessed in 13 patients with Fulminant Hepatic 
Failure complicated by unresponsive intracranial 
hypertension. The ICP was reduced in all cases, 
and in eight cases thiopentone infusion achieved 
stable normal intracranial and cerebral perfusion 
pressure. Five patients made a complete recov-
ery. The recommended dose of pentobarbital is a 
loading dose of 3–5 mg/kg (maximum 500 mg) 
over 15 min, followed by a continuous infusion 
of 0.5–2.0  mg/h. Barbiturate therapy must be 

used with simultaneous continuous ICP and arte-
rial blood pressure monitoring.

Hepatectomy is a theoretical possibility as a 
bridging procedure to liver transplant for those 
patients with devastating and medically uncon-
trolled ICH in whom there is no perceived chance 
of spontaneous recovery.

30.4  Hemodynamic Derangement 
in ALF and Management

Cardiovascular and circulatory abnormalities are 
a common feature of ALF. ALF is characterized 
by a hyperdynamic circulation with high cardiac 
output, low MAP, and low systemic vascular 
resistance [62]. Troponin elevation [63, 64] is 
seen in approximately 60–70% of patients with 
ALF and is likely related to systemic stress ver-
sus true myocardial injury. Elevation of troponin 
in the setting of ALF did correlate positively with 
requirements for vasopressors, renal failure, and 
organ failure scores and did not correlate with 
evidence of cardiac dysfunction on ECHO stud-
ies [63].

The initial step in management of hemody-
namic abnormalities is aimed at the restoration of 
effective circulating volume, as most patients are 
relatively volume depleted due to various causes.

Invasive monitoring devices are often used to 
optimize circulating volume and cardiac output 
[65]. Arterial pressure monitoring from a central 
artery is preferable. As intravascular volume 
assessment in ALF poses a challenge, dynamic 
measures utilizing echocardiography are superior 
to static hemodynamic measurements [66].

There is considerable data to suggest that a 
persistent positive fluid balance is associated 
with higher mortality in ALF.  Elevated right 
sided cardiac pressures may be detrimental to 
liver venous outflow and hence liver function and 
regeneration, gut integrity and renal functions 
[67–69]. Therefore, volume overload should be 
avoided as much as volume depletion. The choice 
of fluid should be normal saline or balanced salt 
solutions, being guided by the patient’s acid-base 
and electrolyte status with and preventing hyper-
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chloremic acidosis, as it has been associated with 
an increased risk of renal failure and other mor-
bidities [70, 71].

In case of increasing tissue and cerebral edema 
and need for volume therapy, albumin [72–74] 
infusion can be considered which will enhance 
plasma oncotic pressure and maintain intravascu-
lar volume.

Noradrenaline [75] is typically the vasopres-
sor of choice as it effectively raises mean arterial 
pressure and can increase hepatic blood flow in 
parallel with less tachycardia. Vasopressin may 
augment noradrenaline effect and allow titrating 
down its dose, but vasopressin, according to ani-
mal studies [76], may exacerbate cerebral hyper-
emia, hyperammonemia, and consequent edema 
associated with ALF.

In 2007, Eefesen et  al. [77] compared nor-
adrenalin and terlipressin in ten ALF patients 
with ICP monitoring and cerebral microdialysis, 
and found terlipressin increased CPP without 
changing ICP, decreased brain lactate, and 
unchanged lactate/pyruvate ratio. In the absence 
of advanced hepatic encephalopathy a MAP of at 
least 65 mmHg, and with advanced encephalopa-
thy and suspected intracranial hypertension, a 
MAP of at least 80  mmHg is recommended to 
maintain optimal CPP.

While ALF exhibits hyperdynamic circula-
tion, those with hypoxic hepatitis may have both 
right and left sided cardiac dysfunction, with or 
without valvular heart disease. Minimizing right 
sided pressures, by treating PAH with pulmonary 
vasodilators (Prostaglandins and sildenafil) and 
ensuring adequate MAP should be the strategy. 
In patients with profound and reversible acute 
cardiac dysfunction, venoarterial extracorporeal 
membrane oxygenation [78] (VA ECMO) may 
be appropriate. Hypoxic hepatitis is a secondary 
form of ALF and as such, the primary presenting 
organ failure needs to be addressed and managed 
to facilitate liver recovery. Liver transplantation 
is not indicated.

About 62% of ALF exhibit adrenal insuffi-
ciency [79] which is not impacted by etiology 
and it correlate with the severity of illness. They 
are less responsive to the pressor effects of nor-
epinephrine and which is restored when physio-

logic doses of hydrocortisone are added [80]. 
Thus patients with ALF who experience refrac-
tory hypotension should be evaluated for adrenal 
insufficiency and when adrenal insufficiency is 
identified, hydrocortisone should be adminis-
tered at 200–300 mg daily in divided doses.

30.5  Nutritional and Metabolic 
Support in ALF

About half of ALF patients develop recurrent 
hypoglycemia due to glycogen depletion and 
defective glycogenolysis and gluconeogenesis 
[81], which can be sudden and can misinterpreta-
tion of mental changes. Blood sugar should be 
monitored at 2–3 h intervals and whenever it is 
lower than 60 mg/dl, an iv bolus of 50–100 ml of 
50% dextrose administered. Glucose transport 
across the blood–brain barrier is increased 
because of upregulation of glucose carriers in 
ALF and hyperglycemia contributes to raised 
ICP because this increased glucose influx leads 
to cerebral lactic acid accumulation [82], thereby 
emphasizing the need for maintaining euglyce-
mia. Low systemic blood pressure and poor sys-
temic microcirculation in ALF result in a build-up 
of lactate, compounded by failing lactate metabo-
lism. Hyperlactataemia [81] can not only aggra-
vate hemodynamic instability, but also cause 
cerebral hyperemia and should be treated 
aggressively.

ALF increases energy requirements are by 
60%, and further by complicating infection. 
Whole body protein catabolism may be increased 
up to four times the normal rate and results in 
massive amino acid losses in urine. Owing to the 
hypercatabolic state of ALF, nutrition is vital and 
enteral feedings should be initiated early. Only 
where enteral feeding is contraindicated, partial 
or total parenteral nutrition should be considered. 
Initially, combination of parenteral dextrose and 
lipid emulsions, with 40 gm protein/day can be 
administered. Lipid emulsions [83] may be used 
safely in patients with ALF. Avoid severe restric-
tions of protein [84] and provide normal protein 
intake of about 1 g/kg per day. Branched chain 
amino acids (BCAA) offer no additional advan-
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tage, except during frequent dialysis, in whom 
large BCAA losses may occur. Serum levels of 
phosphorus, potassium, and magnesium are usu-
ally low and should be supplemented. Critically 
ill patients with ALF are at high risk for GI bleed-
ing. In patients who are ventilated or with severe 
coagulopathy related to hepatic dysfunction, ini-
tiation of GI prophylaxis with H2 blockers or pro-
ton pump inhibitors is recommended [27].

30.6  Respiratory Derangement 
in ALF and Management

The earlier reported incidence [85, 86] of ALI in 
ALF is between 33 and 37%. Prevention and 
modern critical care management of ALI and 
ALF has resulted in current prevalence of ALI in 
ALF to 21%, though this does not have signifi-
cant impact on outcomes [87].

Non-invasive ventilator (NIV) should be 
avoided in ALF patients at risk of hepatic, meta-
bolic or septic high risk of encephalopathy, aspi-
ration, and poor compliance. Invasive airway 
management to protect airway should be insti-
tuted in cases of high grade HE, followed by ven-
tilatory support for hypoxia and respiratory 
failure.

Rapid sequence induction technique to mini-
mize elevation in ICP using of nondepolarizing 
agents such as cisatracurium is preferred for 
endotracheal intubation. Cisatracurium is largely 
independent of renal or hepatic function for 
metabolism. Short acting opiate fentanyl for 
analgesia and propofol for sedation are usually 
preferred. Although propofol may decrease pro-
pofol in hypovolemic patients, it decreases cere-
bral metabolic rate and also acts as an 
anticonvulsant.

The balance of hypoxia, hypercarbia and risk 
of increased ICP are determining factors while 
choosing the modality of ventilation.

Protective ventilatory strategy with low tidal 
volumes [88] (6  ml/kg/ideal body weight) and 
appropriate levels of PEEP to maintain an open 
lung should be chosen. A target of pCO2 between 
34 and 41 mmHg is ideal. Judicious airway care, 
head up positioning and careful respiratory ther-

apy minimize risk of ventilator associated pneu-
monia. Protocol based microbiological cultures 
of endotracheal secretions and broncho-alveolar 
lavage should be followed.

Acute respiratory distress syndrome (ARDS) 
is uncommon ALF patients which may not impact 
mortality [89]. But in the unlikely patients who 
develop ARDS prone ventilation [90] does 
improve oxygenation and potentially decreases 
mortality, though fraught with the risk of increas-
ing cerebral complications. High PEEP, i.e., >12, 
which can enhance ICP, can be monitored with 
middle cerebral artery Doppler. One can consider 
VV-ECMO in centers with expertise, keeping in 
view the increased risk of bleeding in ALF.

Hypoxemia is rather common and its etiologi-
cal assessment is difficult. In some patients with 
hypoxic hepatitis there is evidence of hepatopul-
monary syndrome [91] and this should be 
excluded with bubble ECHO. HPS is character-
ized by triad of chronic liver disease, gas 
exchange abnormalities with significant hypox-
emia and/or increased A-a O2 gradient and evi-
dence of right to left intrapulmonary shunt. In 
patients with intra-cardiac shunts, a small amount 
of contrast is usually recorded in the left cham-
bers within 1 or 2 cardiac cycles after its appear-
ance in the right side chambers. On the contrary, 
late arrival of contrast in the left atrium after a 
time delay of 4–8 cardiac cycles is diagnostic of 
intra-pulmonary shunt, and is due to the time 
required for passage through the pulmonary cir-
culation [92]..

There also may be evidence of a toxic liver 
syndrome with increased lung water and 
ARDS.  Assessment of lung water, utilizing 
advanced hemodynamic monitoring such as vol-
ume view or PiCCO may optimize managing 
these patients.

30.7  Renal Derangement in ALF 
and Management

Etiology [93] of renal dysfunction in ALF is mul-
tifactorial with drug-induced nephrotoxicity, 
acute tubular necrosis, and abdominal compart-
ment syndrome being the common causes. 
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Paracetamol [94] may also be one of the causes. 
The various other risk factors [95] for renal dys-
function in ALF are increased age, hypotension, 
systemic inflammatory response Syndrome [96] 
(SIRS), and infection.

Acute kidney injury also develops in 55–68% 
of all ALF patients and it resolves along with 
resolution of liver injury or with transplantation 
[97]. Early AKI develops due to direct injury pat-
tern, whereas late onset typically is more akin to 
hepatorenal syndrome characterized by func-
tional impairment [98, 99] which is due to a com-
plex interplay between extrarenal vasodilation 
and renal arteriolar vasoconstriction coupled 
with inadequate cardiac output [100].

Avoiding nephrotoxic agents, aggressively 
handling infection and sepsis, deploying various 
techniques to maintain adequate renal perfusion 
and instituting timely renal replacement therapy 
are the mainstays of managing renal dysfunction 
in ALF [101]. Early targeted volume replacement 
and vasoactive agent administration, utilizing the 
hemodynamic management principles above, are 
keys to avoiding hypotension and to ensure ade-
quate renal perfusion. Renal replacement therapy 
should be deployed judiciously and timely, rather 
than a last resort.

30.7.1  Renal Replacement Therapy

Although no study to date has clearly determined 
ideal and optimal timing for initiation of RRT, 
rational arguments for early initiation are favored 
by many liver centers. Studies [40] comparing 
CRRT versus IHD have noted greater variations 
in hemodynamic parameters and ICPs with 
IHD.  This has led to the preference for CRRT 
over IHD in these patients and early initiation 
prevents or allows treatment of these disturbances 
with consequent complications. High dose CRRT 
[42] has been shown to decrease arterial ammo-
nia as well. Low-urine output in spite of adequate 
intravascular volume, fluid overload, and rise in 
serum creatinine of 0.3  mg/dl have been advo-
cated as indications [3] for CRRT in ALF and 
even post-transplant.

CRRT vs. IHD:-A retrospective analysis of 
1604 patients in the U.S.  ALFSG [15] showed 
that 70% of patients developed AKI with almost 
30% requiring RRT. CRRT is recommended over 
intermittent hemodialysis, in most ALF patients, 
due to poor tolerance of HD owing to circulatory 
instability, sudden fluid shifts, and ICP rise [40]. 
Lactate free bicarbonate buffer as the dialysate 
and biocompatible dialysis membranes like poly-
sulfone or polyacrylonitrile should only be used 
[93]. ALF patients require standard hepariniza-
tion for dialysis in spite of the coagulopathy, due 
to coexisting antithrombin III deficiency. While 
cirrhotic patients tolerate citrate anticoagulation 
[102–104], those with acute and hyperacute ALF 
may not, due to deranged metabolism of citrate. 
If citrate is used, close monitoring of total cal-
cium compared with ionized calcium is war-
ranted. Full recovery of AKI is seen in most ALF 
patients either by the time of discharge or follow-
ing liver transplantation [94]. Female gender, 
lower day three MELD scores, admission hypo-
tension and lower grades of AKI are predictive 
factors for complete renal recovery following 
paracetamol induced ALF [96, 105].

30.8  Hemostasis in ALF 
and Management

Since liver synthesizes majority of coagulation 
factors and proteins required for fibrinolysis, dis-
ordered coagulation is an essential diagnostic 
component of ALF. Deranged international nor-
malized ratio (INR) and prothrombin time are 
common and are essential to the diagnosis of 
ALF. Thrombocytopenia [106] is a frequent fea-
ture of ALF and is associated with increased inci-
dence of multisystem organ failure and death. In 
spite of this, clinically significant bleeding events 
are rare and are seen only in 5% of ALF patients 
[107]. In depth analysis of coagulation patho-
physiology in patients with ALF suggests that 
they have “rebalanced hemostasis” and despite 
prolongation of measured INR or PT they have a 
“normal coagulation state,” and a significant pro-
portion are actually hypercoagulable. This is due 
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to significant increases in endogenous hepari-
noids, procoagulant microparticles, von 
Willebrand factor and factor VIII, reduced pro- 
and anticoagulant factors and release of 
“younger” more reactive platelets in patients with 
ALF [108–112]. In cases of both acute and 
chronic liver failure, decreased synthetic capacity 
of the liver results in decreased production of 
both procoagulant and anticoagulant proteins 
[113]. Compared to CLD and cirrhosis, ALF 
patients have more pronounced reductions in lev-
els of factors II, V, VII, and X with increased lev-
els of factor VIII, likely owing to acute 
inflammation and tissue factor-mediated con-
sumption of these factors (with the exception of 
factor VIII) [114].

Recent studies [112] in ALF have identified 
platelet derived microparticles as being poten-
tially responsible for thrombocytopenia, which 
may create a hypercoagulable state in the micro-
circulation and lead to systemic complications 
and poor outcomes. The “rebalanced state of 
hemostasis” [115, 116] of ALF can be measured 
by thromboelastography and thrombin genera-
tion studies which explains the low rate of bleed-
ing complications.

Monitoring of coagulation in ALF requires 
standard and extended laboratory techniques 
(thrombin generation, factor VIII, etc.), in addi-
tion to thromboviscous technology, which is 
becoming a standard method in many liver 
centers.

The balanced hemostasis concept reinforces 
the recommendation that prophylactic correction 
of deranged coagulation or platelets is unneces-
sary. It may adversely affect prognostication as 
well as increase the risk of thrombosis or transfu-
sion related acute lung complications. However, 
there are two situations that require such mea-
sures. (1) ICP monitor insertion requires correc-
tion of coagulation and platelet deficiencies, as 
guided by neurosurgical specialist societies. 
Some suggest prophylactic recombinant factor 
VIIa, without any evidence of mortality benefit, 
but an increased risk of thrombosis [15, 16, 111, 
117]. (2) Significant active hemorrhage also 
necessitates correction, apart from source control 
of the hemorrhage. Although indications in the 

specific setting of ALF are not available, it seems 
reasonable to target plasma fibrinogen levels 
1.5–2 g/L by infusing fibrinogen concentrate at 
an initial dose of 25–50 mg/kg body weight, and 
a platelet count >60,000 [118]. Supportive thera-
pies such as tranexamic acid can also be consid-
ered. Hemoglobin level of 7  g/dl is usually 
acceptable, though packed cell transfusion may 
be considered in severe cardiorespiratory failure 
or subarachnoid hemorrhage [119]. Finally, vita-
min K (5–10  mg) should be considered in all 
patients with ALF, because its deficiency can 
occur in >25% of patients.

30.9  Infection and SIRS in ALF

ALF is associated with dynamic immune dys-
function. An altered balance between opposing 
systemic pro- and anti-inflammatory immune 
profiles can contribute to organ failure and death 
in ALF [120]. Any type of liver injury leads to 
activation of the innate immune system, altered 
macrophage and neutrophil function, initial acti-
vation and subsequent reduction of complements, 
impaired phagocytosis and opsonization result-
ing in functional immunoparesis.

Liver cell death leads to a release of pro- 
inflammatory mediators, with elimination of 
pathogens and tissue regeneration, which may 
also initiate propagation of further tissue damage. 
This may lead to “spill over” phenomenon of 
chemotactic mediators and pro-inflammatory 
cytokines, with subsequent recruitment of mono-
cytes, lymphocytes, and polymorphonuclear leu-
kocytes [112]. They secrete vasoactive mediators, 
which by activating platelets and coagulation 
cascade, increase vascular permeability along-
side microcirculatory failure and thrombosis 
[112] and eventual SIRS.  Release of damage 
associated molecular patterns, e.g., HMGB1, 
from injured hepatocytes may also contribute to 
the development of SIRS [121]. SIRS leads to a 
vicious cycle wherein an increase in vascular per-
meability further contributes to tissue injury. 
Over time, the balance tilts towards the anti- 
inflammatory response, which is associated with 
immune suppression, recurrent infections, sepsis, 
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and death [122].SIRS appears to be involved in 
the worsening of HE, reduces the chances of 
transplantation, and confers a poorer prognosis, 
independent of infection [123].

ALF patients are at increased risk of develop-
ing infections, sepsis, and septic shock. Though 
bacteremia is not independent predictor of mor-
tality in ALF [124], infectious complications 
[125] are a leading cause of death. Bacterial 
infections [126] are seen in 60–80% of ALF 
patients, commonest being pneumonia (50%), 
followed by urinary tract infections (22%), intra-
venous catheter-induced bacteremia (12%), and 
spontaneous bacteremia (16%). Gram-negative 
enteric bacilli and Gram-positive cocci are the 
most common pathogens. Fungal infections 
[127] occur in about one-third of ALF patients 
requiring prolonged critical care, mostly with 
candida species, with concurrent bacterial infec-
tions. Viral infections and reactivation of CMV 
[128] is common in ALF patients.

30.9.1  Biomarkers

High level of clinical suspicion of infection 
should be maintained in patients with 
ALF.  Diagnosis of infection in ALF patients 
poses many challenges. Clinical features are non- 
specific and lab indicators like C reactive protein 
[129] and procalcitonin [130] measurements are 
unreliable. Routine microbiologic surveillance 
may aid early detection and treatment of infec-
tions [126]. Frequent screening of blood, urine, 
and representative samples for cultures should be 
performed as indicated. Admission HE and SIRS 
score >2 are significant predictors of bacteremia. 
Deterioration of mental status, unexplained fever, 
and leukocytosis may herald the onset of infec-
tion [124]. Deterioration in hepatic coma grade 
after initial improvement, pyrexia unresponsive 
to antibiotics, established renal failure, and 
marked elevation in white cell count should 
prompt aggressive investigation for fungal, bac-
terial, or viral infection. This is especially impor-
tant in patients already on broad spectrum 
antibiotics. Use of biomarkers for fungal infec-
tion [131] should be utilized, while recognizing 

their high false positive rate, but low risk of false 
negative results.

Empirical broad spectrum antibiotics should 
be administered to ALF patients with SIRS, 
refractory hypotension or unexplained worsening 
of hepatic encephalopathy [132]. Though pro-
phylactic [133] parenteral antimicrobial therapy 
reduces the incidence of infection in certain 
groups of ALF patients, resultant survival benefit 
has not been shown. Selective digestive decon-
tamination [134] using nonabsorbable antibiotics 
and parenteral antibiotics also does not impact 
survival. There are no controlled trials confirm-
ing that the use of prophylactic antimicrobials 
decreases the likelihood of progression of HE or 
the development of raised ICP. Therefore, there is 
no sufficient data to support a generalized antibi-
otic prophylactic [133] practice in ALF. Empiric 
antibiotics are recommended for patients listed 
for super-urgent liver transplantation, since the 
development of infection and sepsis may prompt 
delisting. Decisions surrounding antimicrobial 
choice should be based on knowledge of local 
microbiological data.

30.9.2  Prognosis and Liver 
Transplantation

Liver transplantation has improved survival in 
ALF. The 1-year post-LT survival in ALF in less 
than that of elective LT performed for chronic 
liver disease. This is primarily due to increased 
ICH and sepsis resulting in increased mortality in 
the first 3 months following LT in ALF. Beyond 
the first year, ALF patients have better long-term 
survival [135].

Both whole organ deceased donor and living 
donor LT have been performed in ALF with great 
success. Another type of LT is auxiliary trans-
plantation in which the recipient liver is left in 
place and a partial left or right lobe from the 
donor is transplanted, thus providing hepatic 
function until the native liver regenerates. Good 
survival rates of 60–65% have been reported with 
this procedure and immunosuppression can be 
withdrawn in 65–85% of patients at the end of 
1-year post-LT.
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Prognostic factors in ALF assist in the early 
identification of patients who would benefit from 
liver transplantation. They also help identify 
patients who may recover on their own with sup-
portive care without the need for transplantation. 
Unfortunately, despite the presence of numerous 
clinical indicators and prognostic models, a suc-
cessful prognostic scoring system has yet to be 
determined. This is mainly due to the varying eti-
ologies of ALF and the variability in the course 
and complications of ALF.

The Kings College Criteria (KCC) was the 
first validated scoring system (introduced in 
1989) and is currently one of the most widely 
used prognostic tools for ALF (Table  30.2). 
Modern medical management has modified KCC 
performance proven with its dropping sensitivity 
to studies done after 2005 (46–71%) compared 
with studies before 1995 (76–82%) [136]. 
Arterial blood lactate [137] greater than 
3.5 mmol/L is an early predictor of mortality in 
APAP associated ALF (sensitivity 67%, specific-
ity 95%, positive predictive value 79%, negative 
predictive value 91%) and when added may 
increase the predictive accuracy of the KCC.

In a systematic analysis [138] of the MELD 
(modified end stage liver disease) score in ALF, 
526 patients with ALF from six studies (all did 
not have LT support) were included and overall 

304 died (58%). By using a MELD score cut-off 
of 30.5–35, the pooled sensitivity was 77% (95% 
CI, 72–82%) and specificity was 72% (95% CI, 
62–80%).

In a meta-analysis done by Mcphail et  al. 
[136] comparing KCC and MELD score for pre-
dicting outcome in ALF, found that The 
Diagnostic Odds Ratio (DOR) for KCC in cases 
of AALF was 10.4(4.9–22.1) and for MELD 6.6 
(2.1–20.2) whereas for NAALF the DOR for 
KCC was 4.16 (2.34–7.40) and 8.42 (5.98–11.88) 
for MELD. Concluding that Although KCC per-
forms better for AALF, MELD has improved 
prognostic accuracy in NAALF.

Accordingly, the American Gastroenterological 
Associates [139] suggests using the MELD score 
rather than the KCC as a prognostic scoring sys-
tem in patients presenting with ALF (a cut-off 
MELD score of 30.5 should be used for progno-
sis and higher scores predict a need for LT). A 
more recent European Association for the Study 
of the Liver guideline [7] recommends that LT be 
considered in those patients fulfilling either the 
KCC or Clichy criteria. A factor V level of less 
than 20% may indicate a poor prognosis neces-
sitating consideration of LT in patients of 30 years 
of age or younger, and a higher threshold of less 
than 30% is of equivalent significance in older 
patients [139].

Important prognostic variables for predicting 
the lack of spontaneous recovery and the need for 
liver transplantation include: (1) advanced grades 
3 and 4 HE and (2) severe coagulopathy defined 
as an INR >6.5. Additional unfavorable prognos-
tic variables include unfavorable etiologies (e.g., 
AIH, WD, HSV, and HAV) and the rate of disease 
progression.

More recently, a retrospective analysis [140] 
done by the US Acute Liver Failure Study Group 
(ALFSG) developed a logistic regression model 
to predict transplant-free survival using admis-
sion variables include hepatic encephalopathy 
(HE) grade, ALF etiology, vasopressor use, bili-
rubin, and International Normalized Ratio 
showed good performance characteristics 
(C-statistic 0.84, specificity 95%, sensitivity 
37.1%) in 1974 patients in the ALFSG registry 
(Fig. 30.3).

Table 30.2 King’s college criteria for transplantation in 
acute liver failure  – Acetaminophen induced and Non- 
acetaminophen induced

Acetaminophen- 
induced ALF Nonacetaminophen-induced ALF
Arterial pH <7.30 
after fluid 
resuscitation

Prothrombin time >100 s (INR 
>6.5)

Or all of the 
following:

Or any 3 of the following:

•  Prothrombin 
time >100 s 
(INR >6.5)

•  Non-A, non-B viral hepatitis, 
drug-induced or indeterminate 
etiology of ALF

•  Serum creatinine 
>3.4 mg/dL

•  Time from 
jaundice → encephalopathy 
>7 days

•  Grade 3 or 4 
hepatic 
encephalopathy

• Age <10 years or >40 years
•  Prothrombin time >50 s (INR 

>3.5)
• Serum bilirubin >17.4 mg/dL
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Non-APAP) and MELD 
as prognostic models in 
acute liver failure

The latest model from the King’s Liver Intensive 
Care Unit is a dynamic outcome  prediction model 
[141] developed and validated for use in patients 
with paracetamol-induced ALF. It is based on pro-
spective data including analysis of more than 20 
daily variables sequentially assessed for 3  days 
after ICU admission in 912 un- transplanted patients 
between 2000 and 2012. The variables included in 
the final models to predict death-included age, 
hepatic encephalopathy, cardiovascular failure, 
INR, creatinine, and arterial pH on admission and 
dynamic variables of changing arterial blood lac-
tate and INR. On validation in independent datasets 
from four transplant centers, the models showed 
good discrimination between survivors and non- 
survivors, improving with the inclusion of changes 
in INR and Lactate over time. Innovative in this 
approach was its access though a dedicated website 
and the generation of continuous survival estimates 
rather than a binary survival outcome, with the 
intention that the model should act as a decision-
support tool to support clinical judgment rather 
than a sole arbiter as to proceeding with 
transplantation.

Platelet count has been shown to be closely 
linked to outcome. In a recent study [142] from 
the USALFSG, the evolution of thrombocytope-
nia was closely associated with development of 
multiorgan failure and a poor outcome in 
ALF. Recent studies [143] suggest that in some 
non-paracetamol etiologies, loss of liver volume 
in adults to less than 1000 cm3 may indicate irre-
versible damage and serve as an early indicator 
of poor prognosis, often in advance of the devel-
opment of encephalopathy.

Apart from these scoring systems, other serum 
laboratory parameters (e.g., alfa-fetoprotein 
[144], galectin-9 [145], procoagulant microparti-
cles [112] soluble CD163 [146], and liver-type 
fatty acid binding protein [147]) for predicting 
outcomes [148] in ALF have also been 
proposed.

Finally, it is important to emphasize that prog-
nostic models should be only part of the overall 
functional evaluation of the very sick patient with 
ALF and an experienced multi-disciplinary team 
in an intensive care setting is required for correct 
interpretation. Rather than providing an absolute 
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arbiter, these models should support decision 
making and the multifactorial team assessment.

30.10  Liver Support Devices 
in Acute Liver Failure [149]

Many ALF patients die either waiting for a donor 
liver or they are not suitable for transplantation. 
Extracorporeal liver support devices (LSD) have 
been developed to support this kind of patients. 
These devices help to either stabilize the patient 
while liver is recovering from insult or act as a 
bridge to liver transplantation. An effective artifi-
cial liver support device should be able to do three 
functions, namely, detoxification, synthesis of pro-
teins, and regeneration. An ideal LSD would also 
replace the need for transplantation and may offer 
chronic replacement for end stage liver disease, but 
such support device is not yet available in market.

The liver support devices are classified into 
two basic groups as artificial liver support devices 
and bio-artificial liver support devices. While the 
artificial liver support devices are purely mechan-
ical devices or non-cell based liver support 
devices, the bio-artificial liver support devices 
are cell-based liver support devices and have a 
cellular component such as primary hepatocytes 
or hepatic cell line. The artificial liver support 
devices only detoxify while the cellular compo-
nent in bio-artificial liver support devices try 
replacing liver functions such as oxidative detox-
ification, biotransformation, excretion, and syn-
thesis (Table 30.3).

30.11  Artificial Liver Support 
Devices (Non-cell Based)

Molecular adsorbents recirculating system 
(MARS), fractionated plasma separation and 
adsorption (Prometheus), single pass albumin 
dialysis (SPAD), and selective plasma filtration 
therapy (SEPET) are the current non-cell based 
artificial liver support devices.

Human blood contains toxins which are either 
water soluble (ammonia, aromatic amino acids, 
creatinine, interleukin, Interleukin-6, GABA, urea, 
tryptophan) or bound to albumin (bilirubin, bile 
acids, cytokines, protoporphyrin, middle and 
short-chain fatty acids, para-cresol, protoporphy-
rin, nitric oxide) toxins. Since hemodialysis and 
hemofiltration remove only water soluble toxins, 
albumin has been added to existing dialysis 
devices to remove albumin bound toxins, as in 
MARS and SPAD.  Large pore filters have also 
been used to retain cellular components and sepa-
rate plasma proteins including albumin as in 
Prometheus and SEPET. The filtrate either under-
goes readsorption and then cleans the toxin- 
attached albumin, which is recycled in MARS and 
Prometheus or discarded in SPAD and SEPET.

MARS (Gambro GmbH, Hechingen, 
Germany) was introduced in 1990s, which is a 
combination of conventional hemodialysis 
against an Albumin dialysate solution over an 
Albumin impermeable membrane, and consists 
of a blood circuit and a secondary circuit. Blood 
passes through a high flux dialyzer over albumin 
impermeable membrane against 600 ml of 20% 
Human Albumin dialysate in the secondary cir-
cuit. The secondary circuit refreshes albumin by 
passing through anion-exchange resin and acti-
vated charcoal columns. A meta-analysis looking 
at four RCTs of MARS in ALF did not show any 
survival benefit, while mortality rates of MARS 
patients without transplantation are about 
78–100%. MARS decreases bilirubin levels and 
encephalopathy, but may worsen coagulopathy. 
MARS does not improve non-transplantation 
ALF survival and can be used as a bridge to 
transplantation.

Prometheus, the Fractional plasma separation 
and adsorption (FPSA, Bad Homburg, Germany) 

Table 30.3 Characters of liver assist devices

Type of 
device

Artificial liver 
support

Bio-artificial liver 
support

Cellular 
component

No Yes

Functions 
achieved

Detoxification 
only

All hepatic 
functions

Cost Comparatively 
less

High cost

Ease of use Relatively 
easier

Complexity of 
maintaining living 
components

Efficacy Limited Expected results 
more promising
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system has a 250 kDa pore size filter and albumin- 
permeable membranes, the albumin-bound tox-
ins diffuse across and the filtrate which is then 
passed over two columns of neutral resin and 
anion-exchange and returned to the patient. 
Prometheus provides higher clearance for most 
albumin liver Toxins, compared to MARS. When 
studied in alcoholic liver disease, MAP and SVR 
were better preserved compared to MARS.

Single pass albumin dialysis (SPAD) uses 5% 
albumin concentration which is discarded against 
a single countercurrent pass against the patient’s 
blood in a hemofilter and is comparable to MARS 
in clinical and laboratory parameter efficiency. 
Selective plasma filtration therapy (SEPET) 
deploys a membrane pore size, allowing passage 
of molecules of less than100 kDa, size and thus 
preserves immunoglobulins, complement pro-
teins, clotting factors and hepatocyte growth fac-
tor, but albumin is lost and is replaced along with 
FFP and electrolytes. Clinical trials of SEPET are 
underway currently.

30.12  Bio-Artificial Liver Support 
Devices (Cell-Based)

The systems of BAL, which are currently under 
clinical evaluation, include HepatAssist, 
Extracorporeal Liver Assist Device (ELAD), 
Modular Extracorporeal Liver support (MELS), 
Bio-artificial Liver support system (BLSS), and 
Amsterdam Medical Centre Bio-artificial Liver 
(AMCBAL).

The aim of BALs is to provide both detoxifi-
cation and synthetic functions. Human hepato-
cytes may be the best cells for use in BAL, but 
their lack of availability, decreased efficacy in 
cell culture and inability to readily regenerate 
in  vitro, limits their use. The alternatives are 
immortal cell lines such as C3A human hepato-

blastoma cell lines and porcine hepatocytes. 
However, there are concerns oncogenesis and 
xenozoonosis. Moreover, hepatoblastoma cells 
(C3A) do not exhibit normal metabolic efficiency 
like ureagenesis and are inferior to primary hepa-
tocytes in metabolic activity.

HepatAssist by Arbios has a hollow fiber 
extracorporeal bioreactor loaded with cryopre-
served porcine hepatocytes. Overall safety was 
demonstrated across all groups while survival 
benefit was shown only in subgroup of patients 
with fulminant or subfulminant hepatic failure. 
Extracorporeal Liver Assist Device (ELAD) by 
Vital Therapies (San Diego, California, USA) 
utilizes hollow fiber cartridges loaded with C3A 
human hepatoblastoma cell lines. ELAD shas 
shown improvement in ammonia, bilirubin in 
HE, survival benefit is yet to be demonstrated 
through a large multicenter trial. The Modular 
Extracorporeal Liver support (MELS) system.

(Charite Berlin, Germany) utilizes hollow 
fibers with fresh porcine hepatocytes. A limited 
sample study in ALF has shown its safety as a 
bridge to transplant. Bio-artificial Liver Support 
System (BLSS) by Excorp Medical (Minneapolis, 
Minnesota, USA) is under phase II and III stud-
ies, which utilizes porcine hepatocytes in a single 
hollow fiber cartridge. Amsterdam Medical 
Center Bio-artificial Liver (AMC-BAL) utilizes 
porcine hepatocytes bound to a spiral-shaped 
polyester fabric with integrated hollow fiber, 
which showed some promise in preliminary stud-
ies, but larger trials are yet to be done.

In conclusion, excellent evidence proved criti-
cal care practices and progress in liver transplan-
tation have improved the survival of ALF 
significantly. Clarity in definition and classifica-
tion of ALF have aided in targeting therapies of 
for ALF subsects. Artificial liver assist devices 
and coming in are the scope for current research 
and possible future therapy of ALF.
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31Assessment for Transplanting 
Acute Liver Failure Patient

Ameya Panchwagh

Abbreviations

AKI Acute kidney injury
ALF Acute liver failure
APACHE II Acute Physiology and Chronic 

Health Evaluation II
ARDS Acute respiratory distress 

syndrome
CBG Cortisol binding globulin
CPP Cerebral perfusion pressure
CRRT Continuous renal replacement 

therapy
CT Computed tomography
EASL European Association for the 

Study of the Liver
EVLW Extravascular lung water
FC Free cortisol
FiO2 Fraction of inspired oxygen
HE Hepatic encephalopathy
HPS Hepatopulmonary syndrome
ICH Intracranial hypertension
ICP Intracranial pressure
INR International normalized ratio
KCC King’s College criteria
LT Liver transplantation
MELD Model for end-stage liver disease

PaO2 Partial pressure of oxygen in arte-
rial blood

PEEP Positive end-expiratory pressure
PT Prothrombin time
SIRS Systemic inflammatory response 

syndrome
SOFA Sequential organ failure assessment
TC Total cortisol

31.1  Introduction

Acute liver failure (ALF) is a life threatening ill-
ness defined as ‘evidence of coagulation abnor-
mality, usually an international normalized ratio 
above 1.5, and any degree of mental alteration 
(encephalopathy) in a patient without pre- existing 
liver disease and with an illness of less than 26 
weeks duration’ [1]. It is often a syndrome com-
prising of multi-organ dysfunction with a wide 
range of aetiologies and accounts for 8% of indica-
tions for liver transplantation in Europe and 7% in 
the USA [2, 3]. Advances in the field of Intensive 
care and liver transplantation have significantly 
improved the survival of patients with ALF [4, 5]. 
Nevertheless, close, careful, and continual assess-
ment of these patients prior to transplant by a mul-
tidisciplinary team is extremely important to 
ensure good outcomes. In this chapter we discuss 
the assessment of ALF patients prior to transplan-
tation in this challenging clinical scenario.
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31.2  Assessing Patients with ALF 
for Liver Transplantation

Whilst assessing a patient of ALF for transplanta-
tion, in addition to the battery of tests to search 
for an etiologic diagnosis, the following issues 
need careful consideration.

31.2.1  Assessing the Need 
for Transplant

When assessing the need for transplant, it is 
important to identify patients who are likely to 
die without liver transplantation (LT). Various 
prognostic models are used worldwide with vari-
able accuracies and limitations.

The King’s College Criteria (KCC) [6] 
(Table  31.1), described in 1989, continue to be 
widely used and have a high degree of specificity 
but low sensitivity and negative predictive value. 
Few meta-analyses have reported overall speci-
ficity of 82% for non-paracetamol aetiologies 
and 92–95% for paracetamol-related ALF with a 
sensitivity of 68% [7–9]. Thus, the use of KCC in 
ALF patients predicts patients in need of LT with 
good accuracy. However, it will select some 
patients who would otherwise have survived 
without LT. Also, it does not guarantee survival 
for patients not meeting criteria. Dynamic appli-
cation of criteria leads to an increase in both, sen-
sitivity and specificity [7]. To improve the 
predictive value of the KCC, the measurement of 
lactate as an indicator of tissue dysfunction has 
been added to the criteria in the UK. An arterial 
lactate >3.0–3.5 mmol/L after fluid resuscitation 
is a marker of poor prognosis [10].

The Clichy criteria were described in 1986, 
from the study of a cohort of patients with fulmi-
nant hepatitis B [11] (Table 31.1), which makes 
use of factor V level as a guide to selection as 
liver transplant candidate. Studies have shown 
that Clichy criteria are less accurate than origi-
nally reported. Validation studies found less 
accuracy than for the KCC, with a positive pre-
dictive value of 89%, but a negative predictive 
value of 36% [12].

In search of better alternatives to KCC and 
Clichy criteria various other scores have been 
evaluated.

With the rationale that patients with ALF have 
a severe inflammatory response, various non- 
liver specific scores such as Sequential Organ 
Failure Assessment (SOFA), and the Acute 
Physiology and Chronic Health Evaluation II 
(APACHE II) have also been evaluated. Some 
studies have focused on the use of model for end- 
stage liver disease (MELD) score to predict out-
comes in ALF patients. However, advantage 
using MELD has not been conclusively demon-
strated [13]. In a study comparing KCC, APACHE 
II, SOFA, and MELD to predict outcome in 
patients with ALF, KCC had the most specificity 
(83%) but lowest sensitivity (47%) and MELD 
had the highest sensitivity (89%) but the lowest 
specificity (25%). Compared to the other three 
scoring systems, the SOFA had the highest dis-
criminative ability [14]. In another study 
APACHE II score was shown to have similar sen-
sitivity and specificity as KCC [15]. The Acute 
Liver Failure Study Group index, based on 
International normalized ratio (INR), Coma 

Table 31.1 King’s College and Clichy criteria

King’s College criteria [6]
Paracetamol-related 
ALF Non-paracetamol-related ALF
pH < 7.3 (irrespective 
of grade of 
encephalopathy)

PT > 100 s (INR > 6.5) 
(irrespective of grade of 
encephalopathy)

Or all three of the 
following
   •  Grade III–IV 

encephalopathy
   •  PT > 100 s (INR > 

6.5)
   •  Serum creatinine 

>300 μmol/L (3.4 
mg/dL)

Or any three of the following
   •  Age <10 or >40 years
   •  Aetiology: (non-A, 

non-B hepatitis, 
halothane, idiosyncratic 
drug reaction, Wilson 
disease)

   •  Period of jaundice to 
encephalopathy >7 days

   •  PT > 50 s (INR > 3.5)
   •  Serum bilirubin >300 

μmol/L (17.5 mg/dL)
Clichy criteria [11]
Presence of hepatic encephalopathy
and
Factor V level of <20% (if patient’s age <30 years) OR 
<30% (if patient’s age >30 years)
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grade, Bilirubin, Phosphorus level and an apop-
totic marker M30 outperformed MELD and 
KCC, with a sensitivity of 86% and specificity of 
65% [16]. A wide variety of blood markers have 
been proposed including: Gc-globulin levels, 
α-fetoprotein, serum phosphate, apoptosis, and 
necrosis markers and monocyte HLA-DR expres-
sion. However, due to lack of validation and easy 
availability their application in the prognostica-
tion of ALF patients is limited at present.

By far, the KCC and Clichy criteria are most 
widely used. Transplantation should be consid-
ered in those patients fulfilling Clichy or Kings 
College criteria (evidence level II-2, grade of rec-
ommendation 1) according to EASL Clinical 
Practical Guidelines on the management of acute 
liver failure [17]. It is important that these criteria 
be applied dynamically whilst assessing the 
patient for LT.

In paediatric population, criteria for LT are 
different from those in adults. INR is considered 
the best predictor of survival. An INR >4 and 
total bilirubin >17.6 mg/dl irrespective of Hepatic 
encephalopathy is the currently accepted criteria 
for LT in children [18, 19]. Special mention needs 
to be made about patients with Fulminant 
Wilson’s disease who have high mortality with-
out LT. The King’s Wilson index which incorpo-
rates bilirubin, INR, AST, white blood cell count, 
and albumin at presentation is useful in identify-
ing patients with high risk of mortality. A score of 
11 or more indicates high mortality, with 93% 
sensitivity and 98% specificity with a positive 
predictive value of 93% [20].

31.2.2  Assessing Various Organ 
Systems

Acute liver failure is frequently associated with 
multi-organ failure. Assessing various organ sys-
tems of the ALF patient prior to transplantation is 
of paramount importance for knowing the sever-
ity of illness, preoperative optimization, to antici-
pate possible problems as well as to know the 
preparation required in the operating room dur-
ing the transplant.

31.2.2.1  Central Nervous System
Hepatic encephalopathy (HE) is the hallmark of 
ALF in adult patients. Its aetiology is multifacto-
rial. However, principal mechanism involves 
accumulation of ammonia due to liver failure 
which crosses the blood-brain barrier eventually 
causing cerebral oedema and intracranial hyper-
tension (ICH). Traditionally, raised intracranial 
pressure was a major cause of mortality in these 
patients. With advances in critical care the mor-
tality is reducing. Assessing the central nervous 
system is important to know the degree of affec-
tion as well as to institute therapies to prevent 
rises in intracranial pressure (ICP) and brain 
death.

Classically, HE has been graded using the 
West Haven criteria [21]. Table 31.2 which clas-
sifies patients into four grades (Grade I–IV). 
Patients with >grade II HE require endotracheal 
intubation for protection of the airway from aspi-
ration. Worsening HE heralds a poor prognosis. 
Grade IV HE precedes the development of cere-
bral oedema, consequent ICH, and transtentorial 
herniation. In patients with higher grades of HE, 
the Glasgow Coma Scale is a validated and useful 
tool for assessment [22].

Assessing pupillary function is important in 
grade III–IV HE. Pupillary light reaction usually 
progresses from normal to hyper-responsive in 
early in grade II–III HE and hypo-responsive in 
grade IV [23]. Loss of pupillary function and 
fixed dilated pupils may signify brain herniation. 
Unequal pupils may point towards a possible 
intracranial bleed. With the availability of auto-
mated pupillometers assessing pupillary reflexes 
has become less operator dependent and more 
reproducible. A quick look at the vital parameters 
may show a bradycardic and hypertensive 
response (Cushing’s response) in patients with 

Table 31.2 Grade of encephalopathy

Grade Signs and symptoms
I Mild confusion, sleep disturbance
II Moderate confusion, lethargy
III Marked confusion, incoherent speech
IV Unresponsive
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ICH. Reversal of brain herniation using osmoth-
erapy is possible if detected early.

Development of ICH in ALF is multifactorial. 
As ammonia plays a central role in the pathogen-
esis of cerebral dysfunction and ICH in ALF, it is 
prudent to assess arterial ammonia levels. Levels 
more than 150–200 μmol/L are associated with 
the development of ICH in ALF.  Continuous 
renal replacement therapy (CRRT) should be ini-
tiated once the arterial ammonia level is >150 
μmol/L and should be continued with the aim of 
keeping ammonia levels <100 μmol/L [24]. For 
patients already on CRRT, periodic assessment of 
ammonia levels helps in knowing the adequacy 
of CRRT as well as indicates the risk of ICH in 
patients with persistently elevated levels. From 
the standpoint of intraoperative continuation, 
assessment of the mode and settings of CRRT in 
use is helpful.

Assessing the degree of ICH is necessary to 
institute corrective measures, to know their ade-
quacy as well as to set about hemodynamic goals 
to maintain optimum cerebral perfusion pressure 
(CPP). Rarely, patients may have an ICP bolt in 
place. More commonly surrogate markers of ICP 
such as Jugular bulb oximetry, transcranial dop-
pler, near infrared spectroscopy, optic nerve 
sheath diameter are assessed to know the status 
of ICP and cerebrovascular haemodynamics as 
per availability and expertise. It is equally impor-
tant to assess the various neuroprotective mea-
sures instituted for the patient for providing 
continuity of care whilst undergoing LT.

Lastly, in patients with ICH, computed tomog-
raphy (CT) of the head can give useful informa-
tion about cerebral oedema, intracranial bleed or 
transtentorial herniation whenever suspected. In 
the author’s institute, it is a routine practice to get 

at CT scan of the head done en-route transfer to 
the operating room if not done prior, to rule out 
any contraindication to LT.

31.2.2.2  Cardiovascular System
Cardiac dysfunction in the form of arrythmias is 
relatively common in ALF patients. This may be 
attributed to therapeutic hypothermia or electro-
lyte imbalance in this patient population. A base-
line check by an electrocardiogram and checking 
for electrolyte abnormalities may help diagnose 
and treat these issues.

Cardiac dysfunction in the form of reduced 
contractility is relatively uncommon, though 
some diseases with multisystemic involvement 
such as viral illnesses, phosphorous poisoning, 
Wilson’s disease may present with such issues. It 
is useful to perform an echocardiograph to rule 
out such cardiac dysfunction.

Circulatory failure is common in patients with 
ALF, mostly attributable to the ‘toxic liver syn-
drome’ and the ensuing massive systemic inflam-
matory response syndrome (SIRS). Assessing 
parameters on advanced hemodynamic parameters 
is essential. ALF patients usually have a low mean 
arterial pressure, high cardiac output, normal or 
reduced cardiac contractility, and a low systemic 
vascular resistance. Assessment of the dose of 
various vasopressors is of paramount importance.

Around 60% patients with ALF have a relative 
adrenal insufficiency [25]. Measured total corti-
sol levels do not truly reflect the status of free 
cortisol levels due to low levels of cortisol bind-
ing globulin. Assessment of free cortisol levels 
can be made by measuring the total cortisol (TC) 
and cortisol binding globulin (CBG) levels and 
calculating the levels of free cortisol (FC) by the 
free cortisol index [26]:

Free cortisol mmol L/ . . .( ) = + −( )( )[ ]+ ×( )0 0167 0 182 2 0 0122CBG TC TC 00 5

0 0167 0 182

.

. .− + −( )( )CBG TC

However, corticosteroid therapy is often started 
empirically on requirement of escalating doses of 
vasopressors.

31.2.2.3  Respiratory System
Patients with ALF are usually intubated and ven-
tilated in view of airway protection. 
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Approximately 30% patients with paracetamol 
poisoning develop acute lung injury and acute 
respiratory distress syndrome (ARDS) [27]. 
ARDS develops secondary to increased permea-
bility due to massive SIRS and release of inflam-
matory mediators which may be exacerbated by 
massive fluid transfusion during the resuscitation 
phase. In about half of these patient’s tracheal 
aspirates are positive for gram-negative organ-
isms [28] which puts them at risk of ventilator 
associated pneumonias. Hepatopulmonary syn-
drome (HPS) is also known to occur in ALF. A 
combination of all these factors may cause 
hypoxemia in these patients.

Assessment involves checking arterial blood 
gases and a chest X-ray. CT scan of the chest may 
be helpful in discerning fluid from consolidation, 
when in doubt. A bubble echocardiograph may be 
helpful in making the diagnosis of HPS. Patients 
with ARDS are usually on lung protective ventila-
tion strategies. Assessment of the ventilator set-
tings, oxygen requirement and degree of 
hypoxemia gives an insight about the degree of 
respiratory dysfunction. A look at the PaO2/FiO2 
may throw light on the severity of Acute lung 
injury or ARDS.  Extravascular lung water 
(EVLW) is now possible on newer advanced 
hemodynamic monitors, which may be helpful as 
well, in assessing the severity of ARDS.

31.2.2.4  Renal System and Acid-Base, 
Fluid, Electrolyte Balance

Acute kidney injury (AKI) is common in patients 
with ALF with an incidence of 40–85% [29]. 
Aetiology is multifactorial. Assessing serum cre-
atinine and urine output may give an idea of the 
degree of renal dysfunction. More often, these 
patients require CRRT for renal and non-renal 
indications. It is important to assess CRRT flow 
rates, dialysate composition, anticoagulation in 
use, overall fluid balance, and electrolyte imbal-
ances (notably hypokalaemia, hypomagnesemia, 
hypophosphatemia, serum sodium levels) for 
requirement of corrective measures.

31.2.2.5  Coagulation System
Assessment of traditional parameters of coagula-
tion such as prothrombin time (PT) and INR is 

essential from a prognostic standpoint. However, 
it is now an established fact that coagulation sta-
tus of these patients is rebalanced and hence 
assessing coagulation status by using viscoelastic 
tests (Thromboelastography, Rotational 
Thromboelastometry) is the norm.

31.2.2.6  Other Considerations
Increasing requirement of glucose to maintain 
normoglycemia and upward trending lactates 
usually point towards worsening liver function.

In addition, it would be useful to make a note 
of presence of various invasive lines and suitable 
sites for vascular access for use, if deemed neces-
sary in the operating room.

Note should also be made the sedation/paraly-
sis protocol in use and doses of all other medica-
tions in use. A review of antibiotics in use and 
recent culture reports is essential to formulate 
further plan of action.

In all the evaluation process, it is needless to 
say that a multidisciplinary team plays a special 
role. Also important is to evaluate the patient 
dynamically and to go by trends of various 
parameters rather than absolute numbers at a 
given point in time.

31.2.3  Assessment for Presence 
of Contraindications to LT

At times patients with ALF are deemed ‘too sick 
to transplant’. Assessment should focus on 
actively looking for possible contraindications to 
LT as follows:

 (a) Irreversible brain injury: Fixed dilated pupils 
for >2 h; CT showing of transtentorial her-
niation, loss of middle cerebral artery flow 
[17], two consecutive electroencephalo-
grams showing absence of cerebral activity 
[30] may indicate irreversible brain injury 
which is an absolute contraindication for LT.

 (b) Severe cardiopulmonary dysfunction: Low 
cardiac contractility, right heart failure, 
severe pulmonary hypertension (mean pul-
monary artery pressure >50 mmHg), circula-
tory instability despite high dose of 
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vasopressors, uncontrolled ARDS requiring 
high PEEP (>10–15 cm H2O) or high inspired 
concentrations of oxygen (FiO2 >0.8), 
appearance of a pneumonic patch may pre-
clude LT.

 (c) Uncontrolled sepsis: Bacteremia occurs in 
about 20–30% patients with ALF. It is wise 
to delay transplant till about 24 h exposure to 
targeted antibiotics and there is appropriate 
response to treatment. Uncontrolled sepsis 
with increasing vasopressor support may be 
considered as a potential contraindication.

 (d) Haemorrhagic pancreatitis
 (e) Systemic diseases which are not an indica-

tion for LT [17]: Hypoxic hepatitis, 
Haemophagocytic lymphohistiocytosis, 
malaria, dengue, rickettsiosis, malignant 
infiltrations of liver or widespread mitochon-
drial failure following certain drug inges-
tions are not indications for LT. Management 
in these situations focuses on treating the 
cause.

31.3  Conclusion

It is akin to walking a tightrope whilst assessing 
ALF patients for transplantation who give only a 
small ‘window of opportunity’ before they 
become ‘too sick’ for transplant. Careful evalua-
tion by a multidisciplinary team is essential for 
ensuring good outcomes.
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• The specialist anaesthesia team must 
thoroughly assess relevant organ sys-
tems to know the severity of affection, 
to guide for optimisation, to arrange for 
requisite personnel and equipment for 
the intra-operative period and to get a 
realistic idea about post-operative 
course and recovery.

• The need of a multidisciplinary team 
approach and dynamic assessment of 
these patients cannot be 
overemphasized.

• It is important to go by trends of various 
parameters rather than absolute num-
bers at a given point in time.

Key Points
• ALF is a multisystemic disease, often 

causing multi-organ failure.
• KCC and Clichy are the most widely 

used criteria in making a decision to 
transplant in ALF.

• Irreversible brain injury is an absolute 
contraindication for liver transplant.

• Patients need to be assessed for severe 
cardiopulmonary dysfunction, uncon-
trolled sepsis and certain systemic dis-
eases causing ALF which may preclude 
transplantation.
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32Bridging Therapies in Acute 
and Acute on Chronic Liver Failure

Swapnil Dhampalwar and Sanjiv Saigal

32.1  Introduction

Liver is a multifunctional organ that plays cru-
cial role in digestive, immune, metabolic, syn-
thetic and excretory, and functions of the body 
[1]. Although the liver’s functional reserve and 
regenerative capacity are great, these could be 
hindered in the face of severe acute liver injury. 
Rationale of bridging therapies is to support 
these multiple functions for a transient period as 
shown in Fig. 32.1.

Liver failure can develop as acute liver failure 
(ALF) in the absence of pre-existing liver dis-
ease, ACLF of known or unknown underlying 
chronic liver disease, or a chronic decompensa-
tion of an end-stage liver disease. ACLF should 
be clinically distinguished from ALF and decom-
pensated liver disease. AASLD defines ALF as 
“acute hepatic injury characterized by evidence 
of coagulopathy, usually INR ≥1.5, and any 
degree of encephalopathy in a patient without 
pre-existing cirrhosis and with an illness of <26 
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weeks’ duration” [2]. Acute-on-chronic liver fail-
ure (ACLF) may occur either in decompensated 
or in compensated cirrhosis after an acute insult 
and is associated with organ failures and high 
short-term (28-day) mortality. ACLF has been 
defined differently by different consortia.

32.2  Bridging Therapies

The aim of bridging therapies is to provide ade-
quate liver function and maintain the patient well 
enough until recovery of native liver function 
occurs (bridge-to-recovery) or until a graft is 
found (bridge-to-transplant). Bridging therapies 
can be broadly classified into two categories: (1) 
artificial liver support system (ALSS); (2) experi-
mental therapies like regenerative and cell-based 
therapies. The artificial liver support system 
(ALSS) includes: (a) therapeutic plasma 
exchange, (b) artificial liver support, and (c) bio-
artificial liver support. The key concept is to 
remove harmful toxins, support the liver for 
spontaneous regeneration, and reduce the ongo-
ing inflammatory injury.

32.3  Therapeutic Plasma 
Exchange (TPE)

The removal of patient’s plasma and replacing it 
with plasma from a donor using an extracorpo-
real device refers to therapeutic plasma exchange 
(TPE). This has been found to be a very effective 
method of attaining blood purification in liver 
failure patients [3]. This increases hepatic blood 
flow and decreases blood ammonia levels. The 
TPE in addition also has the advantage of provid-
ing deficient clotting factors and albumin in these 
patients. TPE can cause hypocalcemia, metabolic 
acidosis, pulmonary and cerebral complications. 
Nevertheless, TPE continues to be one of the 
most frequently used methods of liver support for 
patients with acute hepatic failure.

Larsen et al. [4] in 2016 described the role of 
high-volume plasma exchange (HVP), defined as 

exchange of 8–12 or 15% of ideal body weight 
with fresh frozen plasma in a RCT of 182 patients 
with ALF. Patients received either standard medi-
cal therapy (SMT; 90 patients) or SMT plus HVP 
for 3 days (92 patients). It was shown that treat-
ment with HVP improves outcome in patients 
with ALF by increasing liver transplant-free sur-
vival. This was attributable to attenuation of 
innate immune activation and amelioration of 
multi-organ dysfunction.

32.4  Liver Support System/Assist 
Devices

The liver assist devices can be classified into two 
major groups: artificial liver support devices and 
bioartificial liver support devices [5]. Artificial 
liver support devices are non-cell-based devices 
that mainly carry out the function of blood 
detoxification and blood purification. Human 
blood toxic substances can be classified into 
water soluble (ammonia, creatinine, interleukins 
(ILs), etc.) or protein bound (bilirubin, benzodi-
azepines, nitric oxide, etc.). Conventional tech-
niques such as hemodialysis or hemofiltration 
remove only the water-soluble toxins. The pro-
tein-bound toxins can be removed only by addi-
tion of albumin to the dialysate or the use of 
large-pore filters [6].

Bioartificial liver support devices are cell- 
based liver support devices. They have a cellular 
component such as primary hepatocytes or 
hepatic cell lines. In majority of these devices, 
the hepatic cell lines are derived from porcine 
hepatocytes or from tumor cell line or harvested 
from organs that are deemed unsuitable for trans-
plant. The former two cell lines raise safety con-
cerns regarding infection and malignancy 
transmission. Human hepatocytes harvested from 
organs are in scarcity and stem cell research 
holds a promising future in this regard. The cel-
lular components in these devices are intended to 
replace the important liver functions such as syn-
thesis, detoxification, biotransformation, and 
excretion (Fig. 32.2).
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32.5  Molecular Adsorbent 
Recirculating/Recycling 
System

Molecular adsorbent recirculating system 
(MARS) combines conventional dialysis against 
an albumin dialysate followed by a conventional 
dialysis procedure to remove the toxins from the 
dialysate. MARS system consists of two circuits: 
the blood circuit and the secondary circuit. The 
blood circuit passes the patient’s blood over an 
albumin impermeable membrane through a high- 
flux dialyzer. The opposing side of the membrane 
contains 600 ml of 20% albumin in the secondary 
circuit. The toxins will diffuse across the mem-

brane and bind to the albumin on the other side. 
The albumin in the secondary circuit is then 
cleared of toxins by anion exchange resin and 
activated charcoal columns [7].

MARS has been found to reduce bilirubin lev-
els, encephalopathy, pruritus, and serum copper 
levels in Wilson’s disease. Improvement in renal 
function, cerebral blood flow, and varied effects 
on intracranial pressure (ICP) have also been 
reported [8]. The overall effect of MARS on mor-
tality seems inconclusive. MARS may be used to 
stabilize patients prior to transplantation and for 
allograft dysfunction after transplantation till the 
liver recovers. It may not improve survival with-
out transplantation [9] (Fig. 32.3).
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Fig. 32.3 Molecular 
adsorbent recirculating 
system

32.6  Fractionated Plasma 
Separation and Adsorption 
(Prometheus)

The Prometheus system uses purified blood with-
out the use of exogenous albumin. In this system, 
the blood is passed over the AlbuFlow 250 kDa 
membrane which is permeable to albumin. The 
albumin-bound toxins pass through the albumin 
permeable membrane and the filtrate is passed 
through a column of neutral resin and anion 
exchange resin and returned to the patient. This 
removes the toxins from the albumin and is 
returned to the patient. The water-soluble, low 
molecular weight toxins are removed down-

stream with a high-flux hemodialysis [10]. It is 
postulated that patients treated with Prometheus 
would be detoxified much more effectively than 
those treated with MARS. However, the clinical 
experience with this system is limited and no 
definite conclusions can be made as of now [11].

In one study comparing MARS versus 
Prometheus in patients with alcoholic hepatitis or 
alcoholic cirrhosis, it was found that mean arte-
rial pressure and systemic vascular resistance 
improved better with MARS in comparison to 
Prometheus. However, bleeding complications 
with Prometheus are rare and there might even be 
the need to use anticoagulation during the proce-
dure [12] (Fig. 32.4).
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32.7  Single-Pass Albumin Dialysis

Single-pass albumin dialysis (SPAD) is a simple 
and inexpensive technique of blood purification 
where additional circuits are not needed. It is a 
simple veno-venous hemodialysis where the dial-
ysate solution contains low concentration albu-
min (4.4%). The albumin toxin complexes are 
then discarded and not recycled. A single ran-
domized controlled study has shown that MARS 
and SPAD were equally effective in reducing 
plasma bilirubin levels [13]. However, only 
MARS affected other paraclinical parameters 
such as serum bile acids, albumin-binding capac-
ity, creatinine, and urea levels. Preliminary clini-
cal experience shows that SPAD has a promising 
future with its simplicity and low cost [14].

32.8  Extracorporeal Liver Assist 
Device

Extracorporeal liver assist device (ELAD) is 
based on hepatoblastoma C3A cell line. This 
device was initially evaluated in King’s College 
Hospital in London. The original device was 
assessed in 24 patients with acute liver failure. 
The device consisted of exposing the patient’s 
whole blood for duration of about 3–168 h to 
the hepatocytes. The functioning cell mass was 

estimated to be about 80–90 g based on the rate 
of oxygen consumption of the device. The 
study, however, proved inconclusive in terms of 
survival rate [15].

Subsequently, modifications were done in the 
device to improve its efficiency and properties. 
These include increasing the functional cell mass 
to 300–400 g in adults, introducing oxygenation 
and nutritional components in the circuit to 
improve cell viability, whole blood exposure was 
replaced with ultra-filtrate exposure, and increas-
ing pore size of the membrane to facilitate free 
movement of molecules in the device. This 
improved device was then evaluated in 25 patients 
who fulfilled criteria for liver transplant. The 
ELAD-treated and control patients had a similar 
30-day survival rate. However, among the 19 
patients who were listed for transplant, the 
ELAD-treated patients had a much higher 30-day 
survival rate of 81% in comparison to 56% in the 
control group [16].

32.9  Experimental Regenerative 
and Cell-based Therapies

Liver has the unique capability for regeneration; 
in fact, the liver failure is the failure of regenera-
tion. This impressive regenerative power of liver 
is compromised in ACLF. The definitive therapy, 
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i.e., liver transplant is confounded by lack of 
donor, resource, expertise, and high medical 
costs. Cellular therapies such as hepatocyte, stem 
cell transplantation, and non-cellular therapies 
using growth factors for liver regeneration aug-
mentation, and Bone Marrow Stem Cell (BMSC) 
mobilization are emerging alternatives.

32.10  Bone Marrow-derived Stem 
Cells (In Vivo)

It is a simple and novel method of mobilizing 
BMSCs using growth factor. Patients receiving 
Granulocyte-Colony Stimulating Factor (G-CSF) 
treatment showed significant improvement in 
survival as well as reduction in MELD and SOFA 
scores as well as the complications such as HRS, 
HE, and sepsis. It is supported by studies in HBV- 
ACLF cohort as well as severe alcoholic hepatitis 
with ACLF. The selection of patient for consider-
ing this therapy is crucial. Garg et al. [17] consid-
ered all patients of ACLF but mostly 
ethanol-related ACLF, and in similar way Singh 
et  al. [18] considered patients, whereas Duan 
et  al. [19] selectively considered HBV- 
reactivation cohort. The therapy is continued 
with a close monitoring for organ failure and 
worsening of clinical parameters, which needs 
early consideration for transplant.

Combination of growth factors, i.e., G-CSF 
and darbepoetin alfa has been shown to be effec-
tive in patients of decompensated cirrhosis and 
may be an attractive option to be extrapolated 
into ACLF cohort [20].

32.11  Hepatocyte Transplantation

Clinical use of adult hepatocyte and fetal 
hepatic progenitor cells have shown transient 
clinical benefit in metabolic liver diseases and 
ALF but with very limited benefits in CLD and 

ACLF [21]. Recently, Wang et  al. [22] have 
shown significant improvement in the survival 
of ACLF patients with intrasplenic hepatocyte 
transplantation.

32.12  Mesenchymal Stem Cell 
(MSC) Therapy

Use of autologous BM-MSC in ACLF is not pos-
sible due to the time constraint in sicker patients 
to derive any benefit. A solitary study using 
umbilical cord-derived MSC in ACLF has dem-
onstrated decrease in MELD scores, increased 
platelet counts and prothrombin activity with sur-
vival benefit [23].

Hybrid Approach (ALSS + 
Regeneration) Combination of ALSS to remove 
toxins and use of G-CSF to augment liver regen-
eration is an innovative concept and was pub-
lished as a single case report. This could be a new 
approach in managing these patients. G-CSF 
therapy should be considered in a potential liver 
transplant candidate when transplantation is not 
feasible. It helps in prevention of sepsis and organ 
failure besides augmenting hepatic regeneration 
in a failing liver. It is not suitable for all patient 
groups and should be avoided in ACLF patients 
in the presence of AKI, ongoing sepsis, macro-
phage activation syndrome or hemolysis, hepato 
cellular carcinoma (HCC), portal vein thrombo-
sis, multi-organ dysfunction, grade 3 or 4 HE (as 
per West Haven criteria) [24].

32.13  Role in ALF

The aim of bridging therapies in ALF is to pro-
vide adequate liver function and maintain the 
patient well enough until recovery of native liver 
function occurs or until a graft is found. Summary 
of important studies has been given in Table 32.1.
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Table 32.1 Studies using ALSS in ALF

Study
No of 
patients Device

Biochemical 
improvement

Cardio-vascular 
improvement

CNS 
improvement Survival

Schmidt et al. [25] 13 MARS Yes Yes N/A No
El Banayosy et al. [26] 27 MARS No N/A N/A Yes (50% 

vs 32%)
Kantola et al. [27] 159 MARS Yes N/A Yes No
Saliba et al. [28] 102 MARS Yes N/A N/A No
Larsen et al. [4] 182 HVP Yes Yes Yes Yes
Gerth et al. [29] 73 MARS Yes N/A N/A No
Komardina et al. [30] 39 Prometheus Yes Yes N/A No

32.14  Role in ACLF

ACLF is a distinct clinical syndrome character-
ized by progressive liver failure due to an acute 
hepatic injury on an underlying chronic liver dis-
ease. As per EASL-CLIF Consortium [31], ACLF 
is defined as acute decompensation (AD) of cir-
rhosis associated with organ failure (OF) and high 
short-term mortality (28-day mortality ≥15%).

As per APASL [32], ACLF is defined as an 
acute hepatic insult manifesting as jaundice 

(serum bilirubin level of ≥5 mg/dL) and coagu-
lopathy (INR of ≥1.5 or prothrombin activity of 
<40%), complicated within 4 weeks by ascites 
and/or encephalopathy in patients with previ-
ously diagnosed or undiagnosed chronic liver 
disease (including cirrhosis) and is associated 
with high 28-day mortality. Important studies 
of ALSS in patients with ACLF have been sum-
marized in Table 32.2. When to consider bridg-
ing therapies in ACLF has been shown in 
Fig. 32.3.
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Table 32.2 Studies using ALSS in ACLF

Study
No of 
patients Device

Biochemical 
improvement

Cardio-vascular 
improvement

CNS 
improvement Survival

Hessel et al. [33] 149 MARS N/A N/A N/A Yes
Kribben et al. [34] 145 Prometheus Yes N/A N/A Yes
Bañares et al. [35] 156 MARS Yes Yes Yes No
Xu et al. [36] 171 TPE Yes Yes Yes No
Gerth et al. [37] 101 MARS Yes N/A Yes Yes

Key Points
• ACLF has a burden of failing organ 

acutely as well as chronic liver failure

• Large number of ACLF have no identifi-
able trigger

• Bridging therapy can be bridge-to-
recovery

• Bridging therapy could be bridging till a 
suitable donor liver is available leading 
to transplantation

• High-volume plasma exchange has lim-
ited role in ACLF

• Liver dialysis by MARS or Prometheus 
has a role in ACLF management

• Bioartificial liver support devices—
AMC-BAL, Hepat Assist device, ELAD 
are being investigated

• Stem cells based therapies are in experi-
mental stage at present.

32.15  Conclusion

Severe liver failure is associated with high mor-
tality despite optimal medical treatment. Though, 
liver transplantation has emerged as a salvage 
therapy, many patients unfortunately die while 
waiting for transplant. Therefore, there is a clear 
need fora liver support system to provide a 
“bridge” to till recovery or transplant. Future 
large scale randomized trials are necessary before 
making recommendations regarding use of 
Bridge therapies in these high-risk group of 
patients with ALF and ACLF (Fig. 32.5).
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33Anaesthetic Management of Acute 
Liver Failure for Liver Transplant

Prachi Gokula and Vijay Vohra

Abbreviations

ALF Acute liver failure
CPP Cerebral perfusion pressure
CRRT Continuous renal replacement therapy
CSF Cerebrospinal fluid
FFP Fresh frozen plasma
ICP Intracranial pressure
IVC Inferior vena cava
MAP Mean arterial pressure
OLT Orthotopic liver transplant
t-PA Tissue plasminogen activator
VVB Venovenous bypass

33.1  Background

Acute liver failure represents a rare but complex 
syndrome, characterised by acute liver dysfunc-
tion without evidence of any underlying chronic 
liver disease. It comprises of coagulopathy of 
liver aetiology and altered mentation due to 
hepatic encephalopathy, and may progress to 
multi-organ dysfunction.

ALF has been defined as the severe acute 
liver injury with encephalopathy and impaired 

synthetic function (INR of 1.5 or higher) in a 
patient without cirrhosis or pre-existing liver 
disease and with an illness of fewer than 
26 weeks duration [1].

Although, with improved critical care therapy 
rate of transplant free survival has shown signifi-
cant improvement in recent years, still liver trans-
plant remains to be the only definite remedy 
available for patients with acute liver failure who 
do not improve with conservative management.

Early identification of acute liver failure and 
its aetiology with major advancements in inten-
sive care therapy and identifying potential candi-
dates for liver transplantation have greatly 
improved the survival rate of patients with 
ALF—Liver assist devices have too contributed 
as a “bridging therapy” to liver transplant or 
spontaneous recovery.

Identification of patients who are too sick to 
survive liver transplantation surgery or carry a 
guarded prognosis for postoperative recovery is 
as important, to avoid futile liver transplants and 
thereby improve outcome figures.

Liver transplantation for acute liver failure 
poses varied challenges for the perioperative 
anaesthesiologist in terms of the urgency of sur-
gery, underlying multi-organ dysfunction and 
possible use of marginal grafts in emergency sur-
gery where waiting for an optimum graft could 
jeopardise the patient outcome.

Protocols have been described to aid in the 
intensive care management of patients with acute 
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liver failure. The literature pertaining to intraop-
erative management of these patients is limited, 
but it is in essence continuation of critical care 
management-especially avoiding manoeuvres 
during the course of surgery which would raise 
intracranial pressure.

Comprehensive preoperative evaluation 
should include detailed past medical and surgical 
history often elicited from relatives (due to the 
presence of advanced hepatic encephalopathy) 
and clinical examination to rule out any condition 
that may impact the decision to proceed with 
emergency liver transplant.

33.2  Specific Concerns

Multi-organ dysfunction is a major cause of mor-
bidity associated with acute liver failure. Presence 
of established extra-hepatic organ failure at the 
time of surgery makes the context for liver trans-
plant for patients with acute liver failure different 
from elective orthotopic liver transplant. 
Understanding of the various systems involved, 
careful monitoring and appropriate management 
of organ dysfunction is essential for a successful 
outcome.

33.3  Central Nervous System

Acute cerebral oedema resulting in subsequent 
rise in intracranial pressure with a decrease in 
cerebral perfusion pressure resulting in brainstem 
herniation is one of the major causes of mortality 
in patients with acute liver failure.

Cerebral blood flow in patients with acute 
liver failure have altered response to both arterial 
pressure and partial pressure of CO2.

These patients exhibit impaired cerebral auto-
regulation, wherein cerebral blood flow (CBF) 
varies passively with mean arterial pressure 
(MAP) [2, 3]. Larsen et  al. described “dissoci-
ated vasoparalysis” [4]—suggesting that CBF 
has blunted response to hypercapnia but shows 
preserved response to hypocapnia (cerebral vaso-

constriction). These observations suggested that 
the brain vasculature in patients with ALF is in a 
state of constant vasodilatation.

Despite the state of “luxury perfusion” [5] 
brain hypoxia is still a possibility in cases of 
decreased cerebral perfusion pressure due to 
intracranial hypertension or episodes of severe 
systemic hypotension in the absence of cerebral 
autoregulation. In order to optimise neurological 
outcome, balance needs to be maintained between 
adequate cerebral blood flow to support brain 
metabolism as well as avoiding hyperperfusion 
that may lead to intracranial hypertension.

Brain injury as a consequence of acute rise in 
intracranial pressure during various phases of liver 
transplant can result in irreversible brain damage. 
Therefore, there is a need for continuous monitor-
ing of ICP in the intraoperative period as an essen-
tial component of anaesthetic management.

33.4  Cardiovascular System

Circulatory dysfunction in patients with acute 
liver failure is characterised by a state of hyper-
dynamic circulation with high cardiac output, 
low mean arterial pressure (MAP), and low sys-
temic vascular resistance (SVR) [6]. 
Hemodynamic derangements in these patients 
may be attributed to hypovolemia- due to poor 
oral intake or loss of fluids and decreased effec-
tive circulating volume due to systemic vasodila-
tation- as a result of toxins released from the 
failing liver or other inflammatory mediators [7]. 
Cardiac function is essentially well preserved in 
these patients, except in some cases of hypoxic 
hepatitis that may have evidence of both right and 
left sided cardiac dysfunction with or without 
valvular abnormalities.

Maintaining optimal hemodynamic parame-
ters becomes imperative in the face of intracra-
nial hypertension or compromised renal function 
as may be present in cases of acute liver failure. 
Patient volume status needs to be adequately 
assessed and corrected before administration of 
vasopressors.
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33.5  Coagulation

Coagulopathy is an integral component of acute 
liver failure and is indicative of the key role liver 
plays in haemostatic pathway.

Conventional coagulation tests such as PT/
INR are often misleading and can be miscon-
strued as haemorrhagic tendency, thereby leading 
to unwarranted transfusion of blood products [8].

Most coagulation factors including fibrinogen 
and factors II, V, VII, IX, X, XI, and XII—syn-
thesised by the hepatocytes—are markedly 
decreased except for factor VIII and vWF which 
are derived from endothelium, and are substan-
tially increased [9, 10]. Decreased production of 
procoagulants as well as short half-life of these 
coagulation factors contribute towards underly-
ing coagulopathy in cases of acute liver failure. 
Simultaneously, there is a decreased synthesis of 
anticoagulant factors by the liver such as protein 
C, protein S, protein Z, protein Z-dependent pro-
tease inhibitor, antithrombin, heparin cofactor II, 
and α2-macroglobulin, that may help offset the 
effect of depleted procoagulant factors [11].

Therefore, decreased synthesis of procoagu-
lants, anticoagulant factors, impaired fibrinolytic 
system and platelet dysfunction- all contribute 
towards impaired haemostasis in acute liver failure 
[12]. Any disturbance in this fine balance can lead 
to either bleeding or thrombotic complications.

33.6  Renal Function

Renal dysfunction is a frequent complication 
associated with acute liver failure [13, 14]. 
Acute kidney injury(AKI) when present with 
ALF augurs a poor prognosis and is associated 
with increased length of hospital stay and mor-
tality. Cause of renal insufficiency is often mul-
tifactorial, ranging from hypotension caused 
from volume depletion, hepatorenal syndrome 
or acute tubular necrosis. Risk factors for AKI 
include increased age, paracetamol-induced 
ALF, hypotension, the presence of the systemic 
inflammatory response syndrome (SIRS) and 
infection [15, 16].

33.7  Too Sick To Be Considered 
for Liver Transplant

The only absolute contraindication to liver 
transplant is irretrievable brain injury and any 
signs suggestive of it-such as presence of bilat-
eral dilated non-reactive pupils, absence of spon-
taneous respiratory efforts, loss of middle 
cerebral artery flow or evidence of uncle hernia-
tion on CT should be actively used out.

Progressive vasoplegic shock with increasing 
requirement of vasopressor support, presence 
extensive bowel ischemia, severe hemorrhagic 
pancreatitis and poorly controlled ARDS  - are 
considered to be relative contraindications for 
liver transplant.

Presence of bacteraemia, responding to treat-
ment is not considered to be a contraindication. 
Relative changes in the prognostic variables 
should be taken into consideration before pro-
ceeding for liver transplant [17].

33.8  Shifting from ICU 
to Operating Room

Patients with acute liver failure are nursed and man-
aged in intensive care units while being prepared for 
liver transplantation. Thereby, proper communica-
tion with detailed handover between the intensivist 
and anaesthetist in regard to the preoperative man-
agement is imperative to continue the required care 
during intraoperative period as well.

Patients with ALF in view of advanced stage 
of hepatic encephalopathy are often mechani-
cally ventilated and are maintained with continu-
ous infusions of sedative, analgesic with/without 
paralysing agents, and vasopressor agents if 
needed.

Intracranial hypertension is one of the major 
causes of morbidity associated with ALF and its 
management is of paramount importance to pre-
vent any acute surges in it, not only during intra-
operative period but during transit to OR as well.

Different strategies to keep ICP in check 
ranges from specific ventilatory settings to use of 
osmotic therapy.
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Use of portable ventilators should be preferred 
as opposed to manual ventilation to avoid any 
gross changes in pCO2, as well as maintaining 
head end elevation, thereby, minimising rise in 
ICP.

During transfer, adequate sedation, analgesia, 
and muscle paralysis should be ensured to 
 minimise chances of patient bucking or coughing 
on ET tube.

Due care should be taken of all the vascular 
accesses along with vasopressor infusions to pre-
vent cardiovascular instability during the 
transfer.

Special monitoring devices such ICP monitor, 
if present, should be carried to the OR to aid in 
intraoperative management.

Often, patients of ALF are managed with 
CRRT in the preoperative period and the decision 
to continue the same during intraoperative period 
is individualised on per case basis.

33.9  Anaesthetic Management

Most of the patients with acute liver failure arriving 
in the operating room are being mechanically ven-
tilated. Continuous infusion of sedatives and mus-
cle relaxants if already present can be continued in 
the intraoperative period as well. In cases where 
patients are not mechanically ventilated, anaesthe-
sia is induced with rapid sequence induction with 
fentanyl 1–2 mcg/kg, propofol 1–2  mg/kg and a 
rapid onset muscle relaxant either suxamethonium 
1–2 mg/kg or rocuronium 0.6–1.2 mg/kg.

Suxamethonium may cause transient rise in 
ICP and hyperkalemia [18], therefore should be 
avoided if feasible.

Due care needs to be taken to attenuate any 
acute rise in ICP associated with the stimulus of 
laryngoscopy and intubation.

Anaesthesia technique includes continuous 
infusion of fentanyl 1–2 mcg/kg/h, propofol infu-
sion, non-depolarising muscle relaxant (prefera-
bly cis-atracurium since its metabolism is 
independent of hepatic function and does not 
produce laudanosine as in case of atracurium).

Propofol has long been used as a sedative 
agent in patients with intracranial hypertension 

due to its potential to decrease cerebral metabolic 
rate and oxygen demand [19]. Propofol reduces 
cerebral blood flow and subsequently lower the 
intracranial pressure in patients with acute liver 
failure [20]. Due to its shorter duration of action, 
anticonvulsant properties as well as potential to 
decrease intracranial pressure, it is used as an 
adjunct to inhalational agent.

Anaesthesia is maintained with air/oxygen/
isoflurane or sevoflurane.

Ability of isoflurane to preserve Hepatic artery 
buffer response and splanchnic blood flow has 
made it the preferred inhalational agent [21].

Primary volatile anaesthetic technique is dis-
couraged due to their tendency to cause increase 
in cerebral blood flow over 1 MAC and thus lead-
ing to rise in intracranial pressure. Therefore, 
maintenance with volatile anaesthetic in combi-
nation with a sedative (propofol being used most 
commonly) is preferred.

Depth of Anaesthesia Bispectral index (BIS) 
monitoring has been used extensively to monitor 
the depth of general anaesthesia. It is a non- 
invasive modality based on frontal electroen-
cephalographic parameters. Various studies have 
utilised BIS monitoring to evaluate the level of 
consciousness in patients of liver failure with 
hepatic encephalopathy in the peritransplant 
period.

Advanced hepatobiliary disease causes 
increased levels of endogenous opioid peptides, 
which in addition to altered neurotransmission 
caused by bilirubin contributes to decreased 
anaesthetic requirement in patients with liver dis-
ease [22, 23].

Patients with hepatic encephalopathy tend to 
have lower anaesthetic requirements which can 
be reflected by lower MAC required to attain BIS 
values of less than 60 [24, 25].

33.10  Vascular Access

Since liver transplant as a surgery is associated 
with major fluid shifts with risk of massive blood 
loss, adequate venous access is vital to facilitate 
multiple drug infusions as well as rapid fluid 
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Fig. 33.1 Central venous catheter and Dialysis catheter 
inserted in IJV

infusion when necessary. For this purpose, two 
central venous catheters are placed- triple lumen 
7Fr catheter- used for drug infusion, and advanced 
venous access/HD catheter (double lumen 11Fr) 
for rapid infusion of fluids. USG guided right 
sided IJV cannulation is preferred (Fig. 33.1).

In paediatric patients, two central venous 
catheters of the same size (appropriate for age) 
can be used.

Radial artery is frequently used for invasive 
blood pressure monitoring. In event of extreme 
hemodynamic instability or vasodilation, radial 
artery may underestimate central aortic pressure, 
in such instances, femoral artery cannulation may 
be contemplated.

33.11  Hemodynamic Monitoring 
and Management

Apart from clinical assessment, other invasive 
techniques should be used to assess the need for 
volume therapy/vasopressors in these patients. 
Use of invasive monitoring (such as pulmonary 
artery catheter or pulse contour analysis) pro-
vides measures of cardiac index. Due to invasive-

ness of pulmonary artery catheter (PAC) and its 
potential hazards, PAC should be reserved for 
high risk patients with significant cardiac co- 
morbidities. Non-invasive cardiac output moni-
tors using pulse power analysis through the pulse 
CO algorithm or arterial pressure-based cardiac 
output (APCO) method for continuous cardiac 
output monitoring are commonly used.

In recent times, trans-oesophageal echocar-
diography (TEE) has emerged as an invaluable 
tool for intraoperative hemodynamic monitoring. 
TEE provides direct measurement of the cardiac 
filling therefore allowing real time assessment of 
fluid status during the surgery. It offers additional 
benefit of diagnosing intraoperative complica-
tions such as pulmonary embolism, myocardial 
ischemia or strain. Despite its advantages, 
absence of technical skill and expertise to operate 
TEE precludes its routine use.

Waveform analysis allowing continuous mea-
surements of stroke volume variation (SVV) and 
pulse pressure variation (PPV) helps in assess-
ment of volume status and allows prediction of 
the likely response to fluid challenge.

Persistent positive fluid balance has been 
found to be associated with higher mortality 
patients in many cohorts. Fluid overload can 
cause elevated venous pressure that may lead to 
tissue oedema and impaired microcirculatory 
flow [26–28]. Therefore, it is important to avoid 
volume overload as much as volume depletion.

Vasopressors are recommended in event of 
severe hypotension (SBP  <  90  mmHg or 
MAP<65 mmHg) or in order to maintain a cere-
bral perfusion pressure of more than 50 mmHg.

Norepinephrine is the preferred vasopressor 
since it provides a more consistent and predict-
able increase in cerebral perfusion [29]. 
Epinephrine may decrease mesenteric blood flow 
and therefore compromise hepatic blood flow in 
cases of ALF. Vasopressin and its analogues are 
not routinely recommended in cases of acute liver 
failure due to their potential to cause celebrate 
vasodilatation and thereby exacerbating underly-
ing intracranial hypertension. Although, this risk 
has not been substantiated in recent studies [30].

There is no general consensus on the target 
MAP but in patients without pre-existing hyper-
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tension MAP>60 mmHg is considered to be ade-
quate. In patients with chronic hypertension who 
are at a risk of developing renal dysfunction, 
maintaining a MAP>75 mmHg should be consid-
ered [31]. Due to underlying impaired cerebral 
autoregulation, intraoperative hypertension 
should also be avoided to prevent cerebral hyper-
aemia that may worsen intracranial 
hypertension.

33.12  Neurologic Monitoring 
and Management

Different phases of liver transplant are associated 
with changes in ICP and can lead to catastrophic 
consequences if such changes go unrecognised 
and untreated.

Dissection and reperfusion phase are associ-
ated with rise in ICP and consequently 
decreased cerebral perfusion pressure, whereas 
anhepatic phase shows a decrease in intracra-
nial pressure [32].

Intraoperative neurologic management in 
cases of ALF ranges from certain general sup-
portive measures to specific targeted therapies to 
attenuate any overt surge in ICP.  ICP should 
maintained below 25 mmHg. Mean arterial pres-
sure should be optimised to ensure cerebral per-
fusion pressure between 50–80  mmHg.Higher 
cerebral perfusion pressures can cause cerebral 
hyperaemia, thereby worsening intracranial 
hypertension.

33.13  ICP Monitoring

It is imperative to monitor changes in icp intra-
operatively to detect any untoward surges in 
intracranial pressure which otherwise may 
remain undetected and cause irreversible brain 
damage and cerebral herniation. The objective of 
ICP monitoring is to maintain ICP < 25 mmHg 
as well as ensure adequate cerebral perfusion 
pressure.

ICP monitors require implantation of cathe-
ters in the epidural, subdural-subarachnoid or 
intraventricular spaces through a burr hole. They 

provide real time as well as continuous data. 
Although invasive intracranial pressure monitors 
are considered to be the gold standard, overall 
survival benefit with their use has not been proven 
[33]. Due to their potential hazards, are no longer 
considered to be the standard of care.

Due to safety concerns associated with inva-
sive ICP monitors, non-invasive modalities to 
monitor ICP have gained popularity and are com-
monly being used for intraoperative monitoring. 
Various modalities that have been used in this 
regard are-.

Optic nerve sheath diameter (ONSD) Optic 
nerve sheath is a continuation of dura mater of 
the brain, with the subarachnoid space of optic 
nerve communicating with subarachnoid space 
of the brain. Therefore, any pressure changes in 
CSF in cranial cavity are reflected in optic nerve 
sheath diameter (ONSD). A linear correlation has 
been observed between ICP and ONSD measure-
ments (Fig. 33.2). Recent studies have suggested 
that an estimated increase in ONSD in the range 
of 4.5–5.5  mm is indicative of increased ICP 
(>20 mmHg) [34].

Transcranial Doppler (TCD) Klingelhofer 
et  al. [35] first described relationship between 
ICP and TCD derived flow velocities. They cor-
related an increase in ICP with a decrease in TCD 

A A+ +

Fig. 33.2 Optic nerve sheath diameter
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Fig. 33.3 Transcranial Doppler—Calculation of 
Pulsatility index

derived flow velocities and increase in Pourcelot 
index or resistance index (RI). Middle cerebral 
artery is most commonly used for TCD measure-
ment and Gosling pulsatility index (PI) 
(Fig.  33.3), most commonly used formula is 
PI  =  (systolic flow velocity  −  diastolic flow 
velocity)/(mean flow velocity).

Bellner et al. [36] proposed an equation to pre-
dict ICP values from pulsatility index and found 
that predicted ICP value was within ±4.2 mm Hg 
of the actual ICP, with a 95% confidence interval, 
in the ICP range of 5–40  mm Hg.(Equation- 
ICP = 10.972 × PI-1.284).

Operator dependent factors such as the ability 
to locate an acoustic window obtain a strong 
pulse signal with adequate depth and angle of 
insonation limit the reliability of TCD derived 
values. Reproducibility of the TCD also contin-
ues to be a limitation. Since TCD-ICP uses PI, 
which is a measure of systolic, diastolic and 
mean flow velocity, presence of anaesthetic 
agents can directly affect cerebral arteries and 
consequently the PI.

Electroencephalogram (EEG) This can be 
helpful in identifying seizure activity which 
occurs in up to 30% of patients and leads to char-
acteristic change in EEG seen with increased 
intracranial pressure [37, 38]. Estimation of ICP 
from EEG is based on identification of slow high- 
voltage waves. Since most anaesthetic agents 
promote formation of delta or slow waves, identi-
fication of increased ICP levels under anaesthesia 

becomes difficult. Therefore, EEG is not rou-
tinely used in the intraoperative period.

Jugular Venous Oxygen Saturation 
(SJvO2) SJv02 has been used as surrogate 
marker for cerebral metabolism and brain oxy-
genation. Measurement of jugular bulb oxygen 
saturation helps to assess the arterio-venous oxy-
gen difference (AVDO2), which in turn indicates 
metabolic demand in comparison to oxygenation. 
It involves placement of a retrograde catheter in 
internal jugular vein with tip at jugular venous 
bulb. In situations where cerebral oxygen demand 
exceeds supply, greater amount of oxygen is 
extracted by the brain, therefore, causing a 
decrease in SJv02. Conversely, SJv02 increases 
when supply exceeds metabolic demands. Under 
physiological conditions, ranges from 55% to 
75%. In ALF, consistent values of SJv02 <60% or 
>80% are associated with raised intracranial 
pressure [39].

Decrease in SJv02 can be caused by reduced 
cerebral perfusion pressure as in acute surge in 
ICP [39], whereas increased values in SJv02 are 
indicative of cerebral hyperaemia. In situation, 
where both ICP and SJv02 are elevated, manage-
ment should be aimed at reducing cerebral blood 
flow [40]. SJvO2 has been shown to have a utility 
in managing ALF patients with moderate hypo-
thermia [41]. Similarly SJvO2 has been utilised in 
managing ALF patients using hyperventilation to 
lower the intracranial pressure [42].

Cerebral oximetry It is a non-invasive method 
based on near infrared spectroscopy (NIRS) 
which measures haemoglobin saturation of arte-
rial, venous, and capillary blood in the cerebral 
tissue. It is a new modality and is still awaiting 
validation through randomised control trials. Its 
use in acute liver failure is based on correlation of 
cerebral tissue oxygen saturation (SctO2) with 
increase in intracranial pressure. Cerebral desat-
uration—decrease in SctO2 can be the result of 
diminished oxygen supply to the brain or increase 
in oxygen demand by the brain tissue. The cause 
of change in SctO2 has to be ascertained before 
management of cerebral desaturation can be 
initiated.
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This modality has been studied more in 
patients undergoing cardiac surgery in the operat-

ing theatre. Cerebral oximetry guided therapy led 
to improved patient outcome in comparison to 
the control group [43]. This study of 1034 cardiac 
patients showed diminished incidence of stroke 
postoperatively in protocol guided maintenance 
of Scto2 at or near the pre-induction baseline. 
Although preliminary results are encouraging, 
still there is no definite studies showing short- 
term and long-term outcome benefits (Fig. 33.4).

Pupillometry Pupillary examination and light 
reflex has very poor reliability. Pupillary reactiv-
ity can be more accurately assessed using a com-
mercially available pupillometer (Fig.  33.5). 
Pupillary reactivity <10% correlates with raised 
ICP [44]. A case series of neurosurgical patients 
by Papangelou A et  al. [45] revealed abnormal 
pupillometry observation in 73% of clinical her-
niation episodes and these were identifiable 7.4 h 
(median interval) before the event. The main 
advantage of pupillometry is that it can be per-
formed quickly and frequently. Further studies 
are required to validate these findings in ALF 
patients.Fig. 33.4 Cerebral Oximeter

Fig. 33.5 Pulpillometer
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33.14  Strategies to Reduce 
Intracranial Pressure

• Positioning: Patients should be positioned 
with head end elevated to ~30° (to improve 
venous and CSF drainage) with head and neck 
in neutral position (to avoid compromise of 
jugular venous drainage).

• Ventilation: Lung protective ventilatory strate-
gies should be adopted, although hypercapnia 
needs to be avoided to prevent any cerebral 
vasodilatation. PaCO2 levels between 30 and 
45 mmHg should be targeted. Hyperventilation 
causes pre capillary vasoconstriction and help 
in decreasing cerebral blood flow and ICP 
[46]. Hyperventilation has also been shown to 
restore impaired cerebral autoregulation in 
ALF, though this effect may be short- lived. 
Although, hyperventilation plays a key role in 
management of acute episodes intracranial 
hypertension, overzealous and prolonged peri-
ods of hypocapnia is discouraged as it can 
lead to cerebral ischemia. Therefore, despite 
being an indispensable tool in managing cere-
bral oedema, hyperventilation should be 
reserved only as an emergency rescue mea-
sure to terminate episodes of intracranial 
hypertension/imminent herniation.

• Temperature regulation: Hypothermia plays a 
neuro-protective role by decreasing cerebral 
metabolic rate and cerebral blood flow, thus 
reducing intracranial pressure. In acute liver 
failure, protective mechanism of hypothermia 
is multifactorial. Jalan et al. [47] demonstrated 
the beneficial role of moderate hypothermia 
(32–33  °C) in patients with refractory 
 intracranial hypertension-unresponsive to 
mannitol or ultrafiltration therapy.

Subsequent studies by Karvellas et al. [48] 
and Bernal et al. [49], however, failed to dem-
onstrate any benefit of moderate hypothermia 
over 36  °C on prevention of intracranial 
hypertension.

Potential complications associated with 
hypothermia include risks of infection, bleed-
ing due to worsening of underlying coagu-
lopathy and platelet dysfunction, arrhythmias, 

electrolyte imbalance as well as altered drug 
metabolism [50].

These adverse effects are generally more 
common in event of severe hypothermia 
(<32  °C), and less severe at temperature 
<35  °C.  Routine induction of hypothermia 
temperature <34  °C is, therefore, no longer 
recommended as a standard of care and should 
be considered only in management of refrac-
tory intracranial hypertension. In the absence 
of refractory intracranial hypertension, the 
reasonable approach, therefore, is to maintain 
normothermia (core body temp-35–36 °C) as 
well as avoid hyperthermia/fever [51].

• Osmotic therapy: Osmotherapy with manni-
tol, in the bolus dose of 0.25–0.5  g/kg over 
10  min, can be effectively used in case of 
acute rise in ICP (>25  mmHg) intraopera-
tively. Lower doses of mannitol have proven 
to be equally efficacious, with reduced inci-
dence of severe osmotic disequilibrium and 
dehydration. Hypertonic saline has also been 
successfully used in critical care settings in 
patients with intracranial hypertension, still 
data regarding its role in intraoperative setting 
is limited. Hyponatremia, of short duration, 
although is not a contraindication for using 
hypersonic saline, rate of correction should be 
inversely proportional to the duration of 
hyponatremia.

33.15  Pre-emptive Hepatectomy

Pro-inflammatory cytokines released by the “fail-
ing liver” have been postulated to contribute 
towards cerebral hyperaemia and cerebral 
oedema. Pre-emptive hepatectomy (in the 
absence of a donor liver) has been reported in few 
cases to prevent neurological/cerebrovascular 
collapse [52]. This, however, provokes various 
ethical dilemmas. Although, in cases where 
donor liver is available, expeditious clamping of 
portal vein can be performed, rendering the 
patient anhepatic. This helps to stabilise the neu-
rological as well cardiovascular status of the 
patient [53, 54].

33 Anaesthetic Management of Acute Liver Failure for Liver Transplant



450

In such scenarios, temporary portocaval shunt 
can be considered that prevents splanchnic con-
gestion and helps to main portal venous return, 
thereby minimising systemic consequences asso-
ciated with prolonged portal vein clamping.

33.16  Venovenous Bypass (VVB) 
and IVC Clamping

Due to lack of adequate collateral venous circula-
tion in these patients, conventional caval clamp-
ing technique may lead to profound hemodynamic 
instability and thereby cause a significant impair-
ment in cerebral and renal perfusion. In order to 
maintain required hemodynamic parameters, 
often large volume replacement is done which 
can further aggravate underlying cerebral 
oedema. Use of veno-venous bypass has been 
postulated to be associated with decrease in neu-
rological sequelae due to cerebral oedema. Few 
authors, however, did not find any evidence of 
adverse neurological outcome in patients under-
going OLT without VVB.  They demonstrated 
that with use of vasoconstrictors, MAP and CPP 
could be well maintained, deeming VVB unnec-
essary [55, 56].

33.17  Managing the Coagulopathy

Intraoperatively evidence of coagulopathy is evi-
dent by increased bleeding from cut surfaces and 
delayed clot formations.

Conventional coagulation parameters often 
poorly predict the risk of bleeding in such 
patients, pre-emptive correction of PT/INR val-
ues without any evidence of apparent bleeding is 
not routinely warranted. The inherent risks asso-
ciated with FFP transfusion such as volume over-
load or TRALI should be carefully weighed but 
coagulopathy should be duly corrected.

Strategies to minimise heterologous transfu-
sion should include the use of cell saver. To mini-
mise blood loss maintaining permissive 
hypotension with controlled hypovolemia can be 
considered during dissection phase though these 
strategies are more relevant in chronic liver dis-

ease with portal hypertension and pooling up 
blood in splanchnic circulation. Additionally, 
permissive hypotension or hypovolemia can be 
counterproductive in such cases due to underly-
ing compromised cerebral and renal perfusion.

Presence of minimal or no portal hypertension 
in ALF associated with absence of abdominal 
varices helps reduce the risk of surgical 
bleeding.

Recent studies have demonstrated other poten-
tial haemostatic mechanisms- thrombin genera-
tion, role of endogenous heparinoids, 
microparticles and relative role of platelets and 
fibrinogen in moderating the coagulation distur-
bances in patients with ALF [57].

Despite having reduced potential to generate 
thrombin, patients with ALF tend to show accel-
erated response to thrombin production- once ini-
tial amount to activate factors VIII, IX, and XI 
has been formed, and reduced thrombin inactiva-
tion due to activated protein-C resistance, conse-
quently leading to thrombotic potential [58].

A heparin-like effect has also been demon-
strated in patients with acute liver failure. 
Possible mechanism includes release of heparan 
sulphate from damaged endothelium, release of 
heparin from damaged liver and reduced renal 
clearance of heparinoids [59]. Heparinase- 
modified TEG therefore can be a valuable adjunct 
in the assessment of coagulopathy related to 
ALF. This heparin like effect is further enhanced 
during reperfusion.

Similarly, hyperfibrinolysis has also been 
observed in the immediate post-reperfusion 
phase and may be attributed to reduced clear-
ance of t-PA during the anhepatic phase and its 
release in circulation during reperfusion [60, 
61]. Spontaneous recovery from hyperfibrinoly-
sis in the reperfusion phase generally com-
mences 30–60  min but may take up to 2  h to 
normalise [62].

Viscoelastic tests not only provides informa-
tion regarding the strength of clot formation but 
also reflect upon the presence of fibrinolysis. 
Global assays, thus, have proved to an invaluable 
tool to help towards a directed therapy and mini-
mising injudicious transfusions and their associ-
ated risks.
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33.18  Metabolic Derangement

With the failing liver, there is a propensity 
towards hypoglycaemia, therefore a continuous 
infusion of dextrose containing fluids with glu-
cose monitoring is essential. Hyperglycaemia, on 
the other hand may exacerbate cerebral injury 
and therefore should be avoided.

Infusion of hypertonic saline to maintain 
S. Na + between 145 and 155 mmol/L in com-
parison to standard care has resulted in decrease 
in ICP.

However, liver transplant surgery often war-
rants large volume fluid administration, transfu-
sion of blood and blood products and use of 
sodium bicarbonate solution, resulting in gross 
changes in serum sodium concentration intraop-
eratively. These changes are often more pro-
nounced in the presence of hyponatremia. 
Therefore, hypertonic saline solution should be 
used with caution in these patient population. 
Due measures including the need for N/2 sodium 
chloride may be required to prevent rapid changes 
in sodium levels, ensuring that rate of correction 
does not exceed 10 mmol/L per 24 h [63].

Ongoing blood boss in the intraoperative 
period can worsen the underlying acidosis, if left 
uncorrected, can exacerbate hemodynamic insta-
bility. Therefore, metabolic acidosis needs to be 
addressed with intravascular volume correction 
or sodium bicarbonate infusion as required.

33.19  Renal Function Management

Intraoperative management of patients with liver 
failure with underlying renal dysfunction is com-
plex. Conventional anaesthetic techniques such 
as maintaining “low CVP” and conservative fluid 
administration to avoid liver congestion and 
decrease portal pressures- to reduce bleeding and 
need for transfusion, can cause or worsen kidney 
injury [64, 65].

It is therefore imperative to maintain adequate 
blood pressure as well as euvolemia to ensure 
adequate renal perfusion. Volatile anaesthetics, 
positive pressure ventilation can further reduce 
cardiac output, renal blood flow, and conse-

quently glomerular filtration rate. Increased 
transfusion of blood and blood products can fur-
ther exacerbate renal injury.

Vasopressors need to be used to treat hypoten-
sion was required, with norepinephrine and argi-
nine vasopressin, being most commonly used 
agents. However, in the background of cerebral 
oedema, arginine vasopressin analogues should 
be used with caution.

During the course of surgery, vascular occlu-
sion of portal triad and inferior vena cava clamp-
ing, can cause a significant decrease in cardiac 
output, thereby further compromising renal 
blood flow. At times, patients with acute liver 
failure are rendered anhepatic earlier to promote 
neurological stability, which in turn may signifi-
cantly alter acid-base balance. Correction of 
these acid-base derangements is important to 
prevent hypotension, myocardial depression or 
life threatening arrhythmias due to underlying 
hyperkalaemia.

In extreme cases of worsening renal function 
as reflected by decreased urine output and meta-
bolic derangements (progressive acidosis/hyper-
kalaemia)—not responding to conventional 
measures, initiation of renal replacement therapy 
should be considered.

33.20  Use of Intraoperative CRRT

Continuous renal replacement therapy is often 
initiated in patients with acute liver failure in pre-
operative period. Use of CRRT has shown to be 
beneficial in reducing cerebral oedema, main-
taining acid-base balance, maintaining fluid bal-
ance, and correcting metabolic derangements 
esp. in presence of underlying renal dysfunction.

Decision to continue CRRT in the intraopera-
tive period further adds to the intricacy of proce-
dure with need for additional machine, extra 
circuits, and technical staff to be present in the 
operating room.

Use of heparin anticoagulation is not recom-
mended due to associated risks of bleeding and 
citrate anticoagulation can be used instead. 
Complications of circuit clotting has been 
reported in patients with ALF.
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It is imperative for the anaesthesiologist to be 
well versed with the functioning of CRRT to 
avoid/troubleshoot any untoward instances that 
may arise intraoperatively such as kinking or 
malfunctioning of CRRT circuits. It is as impor-
tant to take into account the effect of CRRT on 
intraoperative drug dosing esp. for drugs that 
undergo renal excretion, although protein bind-
ing and volume of distribution of drugs can also 
affect their clearance by CRRT. The extra cor-
poreal circulation established with CCRT is 
prone to induce increased infection risk, hypo-
thermia, thrombocytopenia, and coagulation 
abnormalities.

Therefore, the decision of continuing CRRT 
intraoperatively needs to be weighed against the 
inherent limitations of CRRT in addition to the 
limited experience of anaesthesiology team with 
it.

33.21  Postoperative Management

Despite a normal functioning graft, delayed 
recovery in the postoperative period is expected. 
Cerebral oedema leading to encephalopathy takes 
time to recover. Most patients would require 
postoperative ventilation for at least 24–48  h. 
Postoperative monitoring of cerebral status in the 
form of ONSD, Cerebral oximetry, and 
Pupillometry should continue pending documen-
tation of resolving cerebral oedema. This could 
be in the form of improving neurological status 
and if required supported by decreasing cerebral 
oedema on CT.

After OLT, cerebral oedema resolves slowly 
and restoration of cerebral autoregulation may 
take up to 48 h with good allograft function.
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34Anesthetic Issues 
in the Management of Pediatric 
Liver Transplantation

Chitra Chatterji and Vijay Shankar

34.1  Introduction

Liver transplantation remains the only treatment 
of choice in a patient with end-stage liver disease. 
Pediatric liver transplant has become a common 
treatment of choice encouraged by an increas-
ingly successful outcome in end-stage liver 
disease.

The perioperative management of this popula-
tion poses unique challenges.

• Different indications according to the age; 
neonate, infants, and child with their particu-
lar characteristics.

• Different comorbidities present in this 
population.

• Difference in the physiology and size.
• Difference in the surgical techniques.

Through this chapter, we intend to provide an 
overview of anesthetic management in pediatric 
patients undergoing living related or cadaveric 
transplant and an overview also into acute liver 
failure pediatric patients.

34.2  Indications

The most common etiology for PLT (pediatric 
liver transplant) is cholestatic disorders like 
extrahepatic biliary atresia (EHBA) (43%), meta-
bolic disease (13%), and acute hepatic necrosis 
(11%) [1, 2]. The etiology in 75% of acute liver 
failure is unknown. The etiologies are given in 
Table 34.1.
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34.3  Basis for Allocation

Earlier waiting list for transplantation was 
greatly influenced by the disease severity and 
the duration on the waiting list. The pediatric 
end-stage liver disease score (PELD) in 2002, 
predicted the mortality within the next 3 months 

without transplant. It is valid for children 
younger than 12 years of age, above which the 
MELD score is used which incorporates serum 
bilirubin, INR and serum creatinine. Parameters 
used in PELD are growth failure, albumin, bili-
rubin, international normalized ratio (INR), 
age < 1 year.

Chronic 
Liver 

Disease

Metabolic 
Disorders

Acute 
Liver 

Failure
Malignancy Others

Biliary 
Atresia

Alpha 1 
antitrypsin 
deficiency

Poisoning Hepatoblastoma Budd-Chiari 
Syndrome

Cryptogenic 
Cirrhosis

Criggler-
Najjar 
Syndrome

Drug 
Induced

HCC Carolis disease

Primary 
Sclerosing 
Cholangitis

Cystic 
Fibrosis

Viral 
Hepatitis

Sarcoma Neonatal 
hemochromatosis

Familial 
Cholestasis
Progressive

Galactossemia Haemangio -
Endothelioma

Familial 
Intrahepatic 
Cholestasis

Gauchers 
disease

Autoimmune 
Hepatitis

Glycogen 
Storage 
disorders

Viral 
Hepatitis

Wilsons 
Disease
Niemann-Pick 
disease
Tyrosinemia

Red - Common in neonates
Violet - Common in infants
Black - Common in older children

Table 34.1 Indications 
for Pediatric Liver 
Transplantation

 
PELD 4.80 Ln serum bilirubin mg dL 18.57 Ln INR 6.87 Ln a= ( )éë ùû + [ ]-/ llbumin g dL

4.36 1year old 6.67 growth failure

/

.

( )éë ùû
+ <( ) + ( )  

PELD exceptions are acute liver failure, hepa-
topulmonary syndrome, hepatic neoplasms, hepa-
torenal syndrome, and pulmonary hypertension.

34.4  Timing of Transplantation

This depends on the severity calculated by the 
PELD score and duration on the waiting list. Age 
and nutritional status play an important role [3].

In recent times due to better surgical, periop-
erative management (anesthesia and intensive 
care), nutritional support, immunosuppressants 
and elective early living donor liver transplant in 
this age group has shown improved survival rates 
similar to older children [4]. The timing of trans-
plantation has been expedited and depends on 
donor availability, even before the child becomes 
very sick.
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34.5  Pathophysiological Changes, 
Pre-operative Concerns, 
and Anesthetic Implications

The complexity of ESLD is enhanced by the mul-
tisystem involvement, comorbidities, and social 
situations. The time period required for work up 
ranges 1–5  weeks requiring a multidisciplinary 
team approach. This time period is crucial as it 
gives a window to assess the severity, presence of 
congenital anomalies, plan, counsel and make 
strategies for the specific transplant child. The 
pathophysiological changes affect all major 
organ systems.

34.5.1  Pulmonary

• Hypoxemia.
• Hepatopulmonary syndrome (HPS).
• Porto-pulmonary hypertension (POPH).
• Chest infections.

Hypoxemia is multifactorial, most common 
reason being mechanical restriction due to asci-
tes, hepatosplenomegaly, and pleural effusion. 
Ascites and pleural effusion can be drained, if 
massive. Other strategies that can be employed 
are fluid restriction, diuretics, and albumin 
infusions.

HPS in acute or chronic liver dysfunction is a 
syndrome of arterial hypoxemia and right to left 
shunting due to vasodilation of pulmonary vascu-
lature causing V/Q mismatch and new vessel for-
mation [5]. HPS can be more severe than liver 
disease and is reversed following transplantation. 
A fall in arterial oxygen levels on standing from 
supine, clubbing, and dyspnea with the exclusion 
of any other cause of hypoxemia is diagnostic. 
Confirmation is done with Contrast 
Echocardiography and Technetium 99 labeled 
micro-aggregated albumin scans.

POPH is rare in pediatric ESLD. Mean PAP 
(pulmonary artery pressure) >25 mmHg, PCWP 
(pulmonary capillary wedge pressure) 
<15  mmHg, PVR (pulmonary vascular resis-
tance) >3 wood units in the presence of portal 
hypertension. Very little is known about the dis-

ease process in pediatric patients. The therapy of 
POPH in children is challenging and outcomes 
are dismal.

Chest infections are common due to malnutri-
tion, poor gastric emptying, encephalopathy, 
mechanical ventilation, recurrent hospitalizations 
and certain conditions like cystic fibrosis and 
alpha1 antitrypsin deficiency.

34.5.2  Cardiovascular

• Increased cardiac output (CO).
• Low systemic vascular resistance (SVR).
• Congenital cardiac anomalies (CHD).
• Pulmonary hypertension (PH).
• Cirrhotic cardiomyopathy (CMP).

High CO and low SVR are a result of reduced 
clearance of vasoactive compounds, e.g., nitric 
oxide (NO) and also fluid retention due to portal 
hypertension (PH).

CHD such as atrial septal defect and situs 
inversus are seen in EHBA children.

PH and pulmonary stenosis have been seen in 
Alagille syndrome (an autosomal dominant dis-
ease characterized by bile duct paucity, cholesta-
sis, and cardiac, musculoskeletal, facial and 
developmental anomalies).

CMP in pediatrics is an entity evaluated lately 
especially in biliary atresia (BA). Criteria to diag-
nose CMP are LVMI (left ventricular mass 
index) > 95 g/m2 and relative wall thickness of 
LV > 0.42 mm. CMP is believed to be more fre-
quent in children especially with BA and is also a 
predictor of morbidity and mortality [6].

ECG, CXR, ECHO, and cardiac catheteriza-
tion are required to evaluate.

34.5.3  Central Nervous System

Hepatic encephalopathy is a dangerous com-
plication and is multifactorial. Alterations in 
cerebral metabolism, accumulation of ammoni 
and neuroactive peptides have been impli-
cated in the pathophysiology of HE. 
Precipitating factors are sepsis, nitrogen load 
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from GI bleeding, electrolyte abnormalities, 
and constipation.

Seizures, airway protection, ventilation, and 
sedation for procedures would need careful and 
judicious evaluations.

Non-invasive monitoring of ICP by means of 
optic nerve sheath diameter and transcranial 
Doppler are promising monitoring strategies [7].

34.5.4  Renal

• Hepato-renal syndrome (HRS).
• Pre-renal Azotemia.
• Renal failure.

HRS is rare in children and is characterized by 
impaired RBF, low GFR, elevated serum creatinine, 
oliguria with low urinary sodium (<20  mmol/L), 
and high urine/serum creatinine ratio.

Pre-renal azotemia may develop due to fluid 
restriction and diuretic therapy.

Renal failure due to hyperoxaluria and meta-
bolic disorders are seen.

34.5.5  Gastrointestinal

Gastric emptying is delayed. Intra-abdominal 
pressure increases due to ascites and organomeg-
aly. Portal hypertension leads to the development 
of varices. This can present as upper and lower 
gastrointestinal bleeding. Recurrent hemorrhage 
with the poor nutritional state can further contrib-
ute to anemia.

Impairment of synthetic and metabolic hepatic 
function leads to impaired drug clearance, glu-
cose hemostasis, and coagulopathy. Glycogen 
stores are decreased and impaired gluconeogen-
esis making them prone to hypoglycemia.

Impaired protein synthesis leading to low 
serum oncotic pressure and high levels of protein- 
bound drugs. Concentrations of clotting factors 
due to impaired synthesis or decreased absorp-
tion of vitamin K leads to the deficiency of fac-
tors II, VII, IX, X, and also antithrombin III, 
protein C, and protein S.

Splenomegaly also results in the sequestration 
of platelets and erythrocytes.

Clotting tests and viscoelastic tests show the 
actual status of the hemostatic condition.

34.6  Pre-operative Workup

Concerns of the systems discussed above should 
be evaluated in details by a battery of 
investigations.

Blood tests for complete blood count (Hb, TLC, 
DLC, platelet count).

Clotting profile with PT, PTT fibrinogen, and 
FDP.

KFT along with serum electrolytes (Ca, Mg, Na, 
K) levels. Serum ammonia level when 
required.

LFT with the bilirubin levels, liver enzymes, 
albumin, and A/G ratio.

Blood sugar.
Blood grouping and cross-matching.
Serum lactate levels and pH for acidosis.
Baseline cytomegalovirus (CMV) and Epstein–

Barr virus (EBV) status.
Blood and urine culture.
Chest X-ray, CT chest.
ECHO or cardiac catheterization (when 

indicated).

Detailed discussion and history taking with 
parents/guardian is mandatory. Previous surger-
ies, hospitalizations (for infections, bleeding, 
banding, sclerotherapy, dialysis, cardiovascular 
problems), medications, allergies, vaccination 
history should be documented.

It is recommended that the vaccination status 
of the child should be recorded, and the child 
should be referred for appropriate vaccinations at 
the time of listing. Many transplant centers will 
do routine pretransplant serology for vaccine- 
preventable diseases such as Hepatitis B, 
Varicella, measles, mumps, and rubella to guide 
individual vaccine recommendations. Table 34.2 
contains recommendations for vaccinations in 
pediatric patients.
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Table 34.2 Immunization s prior to transplantation

Vaccine

Inactivated/live 
attenuated (I/
LA)

Recommended 
before transplant

Influenza I Yes
Hepatitis B I Yes
Hepatitis A I Yes
Pertussis I Yes
Diphtheria I Yes
Tetanus I Yes
Inactivated polio 
vaccine

I Yes

H. influenzae I Yes
S. pneumoniae 
(conjugate vaccine)

I Yes

S. pneumonia 
(polysaccharide 
vaccine)

I Yes

N. meningitidis I Yes
Human 
papillomavirus

I Yes

Rabies I Yes
Varicella 
(live-attenuated)

LA Yes

Rotavirus LA Yes
Measles LA Yes
Mumps LA Yes
Rubella LA Yes
BCG LA Yes
Smallpox LA No
Anthrax I No

Explanation of the course of care from pre- 
surgical period to the post-surgical and following 
discharge and long-term care should be done.

Perioperative morbidity, mortality, blood 
transfusion requirements, ICU stay, mechanical 
ventilation should be discussed along with 
consent.

Crucial to the success of the program is an effi-
cient blood bank and a hematology laboratory.

34.7  Pre-operative Medication 
and Theater Preparation

Antiseptic scrub and bath.
Intravenous dextrose for maintenance fluids.
Antibiotics as per institutional protocol 

(Usually a board spectrum antibiotic coverage 

with antifungal. At author’s current institute, we 
use piperacillin—tazobactam, teicoplanin, and 
fluconazole).

The operating room should be warm prior to 
induction with the air conditioning preferably 
turned off. This is especially important as the 
child will be kept exposed for a while to facilitate 
placement of intravenous catheters.

Equipment required range from the usual 
pediatric airway trolley (laryngoscopes, endotra-
cheal tubes, airways, bougies, etc.).

Anesthesia machine capable of delivering low 
tidal volumes and weaning modes of ventilation.

Suction machine and catheters.
Anesthetic drugs and antibiotics are prepared 

as per the institutional protocol.
Inotropic drugs as per the table (Table 34.3).
Intravenous lines—2 large bore 22/20/18G as 

per the age group and venous access available, 
preferably on either upper limb.

Central venous access in the IJV with a triple 
lumen 4.5/5.5Fr 8 cm length. Antibiotic impreg-
nated one can be kept for longer especially in 
children with difficult veins or sick ones.

Sterile lines, water proof, and transparent 
dressings are mandatory to observe for signs of 
inflammation at insertion sites.

Arterial lines 24/22/20G for both radial and 
femoral. Radial line is preferred due to the reli-
ability during the cross-clamping phase. Some 
anesthesiologists prefer femoral access as in sick 
children and on high inotropic support, it gives 
better reliability, as it is more central and larger 
[8]. Generally, two invasive arterial lines are pre-
ferred as one can be used for sampling.

Warming devices for intravenous fluids and 
blood and blood products.

Bodywarmers such as the temperature control 
machine (TCM) with water blanket, convection 
warmers with appropriate blankets.

Nasogastric tube and urinary catheter.
Cotton roll, sponge or head ring to support the 

head.
Neutral positioning and placement of the child 

to prevent any pressure sore or positioning- 
related injury like foot drop and pressure 
alopecia.
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Table 34.3 Dilutions and dosages of commonly used vasoactive drugs

Drug Dilution Dosage
Noradrenaline (0.3 × weight in kg) mg + 50 mL NS

1 mL/h = 0.1 mcg/kg/min
0.05–0.1 mcg/kg/min to a maximum of 1 mcg/kg/min

Adrenaline (0.3 × weight in kg) mg + 50 mL NS
1 mL/h = 0.1 mcg/kg/min

0.1–1.0 mcg/kg/min

Dopamine (15 × weight in kg) mg + 50 mL NS
1 mL/h = 5 mcg/kg/min

5–20 mcg/kg/min

Vasopressin (0.3 × weight in kg) units +50 mL NS
1 mL/h = 0.0001 units/kg/min

0.0003–0.002 units/kg/min

Dobutamine (15 × weight in kg) mg + 50 mL NS
1 mL/h = 5 mcg/kg/min

5–20 mcg/kg/min

34.8  Intraoperative Management

34.8.1  Induction

Anesthetic induction should be individualized 
based on the multiple factors evaluated in the pre- 
operative workup. These could be massive asci-
tes, gastrointestinal bleeding, cardiac conditions, 
pulmonary conditions, and hemodynamic 
instability.

Since most children would be already having 
an intravenous (IV) access, IV induction is usu-
ally preferred. Pre oxygenation is extremely 
important as many a times these patients desatu-
rate during layngoscopy. Moreover visualization 
of larynx might be difficult in certain cases. Its 
wise to have a smaller size endotracheal tube 
than the one appropriate for the age of the child. 
Rapid sequence induction in children with mas-
sive ascites is safer.

The choice of induction agent depends on the 
anesthetic protocol of the institution, usually, 
they are fentanyl and propofol though ketamine 
and etomidate can also be used. Succinylcholine 
and rocuronium are used when rapid sequence 
induction (RSI) is needed. In most centers atracu-
rium or cisatracurium followed by its infusion is 
used as muscle relaxants. Higher doses of non- 
depolarizing muscle relaxants might be required 
owing to an increased volume of distribution and 
binding to acute phase reactants. Vecuronium and 
rocuronium are metabolized in the liver and 
excreted in bile thus prolonging their action in 
advanced liver disease. Plasma 
Pseudocholinesterase level is reduced in liver 
disease.

Endotracheal intubation is preferably done 
with a low pressure cuffed endotracheal tube as 
the variability of pulmonary compliance is an 
issue due to disease and surgical retraction and 
manipulation. The cuff pressure should be mea-
sured following inflation and just an adequate 
amount to prevent major leaks is recommended. 
Newer endotracheal tubes made of polyurethane 
instead of polyvinyl chloride may help in achiev-
ing tracheal sealing at lower pressures. Fixation 
of the ETT is of utmost importance as it is very 
common to encounter upper lobe collapse and 
endobronchial tube migration due to surgical 
manipulation and retractor application. PEEP of 
up to 5cmH2O is useful to prevent atelectasis and 
improve oxygenation.

34.8.2  Intravenous (IV) 
and Intraarterial (IA) Access

uring of IV and IA access is done after induction 
of anesthesia. This might take a substantial 
amount of time and resources depending on the 
health of the child. Infants and children are par-
ticularly prone to inadvertent hypothermia due to 
their malnourished state, increased cardiac output 
and peripheral vasodilatation. The OT air condi-
tioning needs to be switched off during securing 
of lines and placing the child on a warming blan-
ket is very helpful to maintain normothermia. 
Both active and passive maneuvers should be 
applied such as conduction warming blanket, con-
vective warming systems such as Bair Hugger, 
mechanical ventilation with heat and moisture 
exchanger, and high flow fluid warming devices.
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Upper extremities are preferred as IVC cross- 
clamping is done during the grafting phase. 
Peripheral IV access with two large bore cannu-
las in both the upper limbs is ideal. A triple lumen 
central venous catheter is secured for vasoactive 
drugs, monitoring the CVP (central venous pres-
sure) and rapid infusion/transfusion during the 
reperfusion phase or hypovolemic phase. CVP 
catheter is usually placed using a real-time ultra-
sound machine to prevent potentially dangerous 
complications in the already sick, coagulopathic 
child.

Arterial catheter single or two in number is 
placed in the radial artery in both the upper limbs. 
One could be used for sampling or used if the 
other one gets damped or misplaced. Femoral 
arterial monitoring is used in certain centers 
especially in very sick children on high inotropic 
support or very hemodynamically unstable as 
they are more central and give a more reliable 
reading. This could be debatable though as it will 
be damped during aortic cross-clamping if and 
when an arterial conduit from the aorta is 
constructed.

34.8.3  Maintenance of Anesthesia

A mixture of isoflurane/sevoflurane with air and 
oxygen along with fentanyl and atracurium infu-
sions. Fentanyl does tend to accumulate with 
repeated boluses or infusion. Remifentanil, 
which is metabolized by red cell esterases, has a 
very short half-life and is easily eliminated. 
Remifentanil is not available in India and we 
have no experience using it. More important than 
the technique of anesthesia used are the goals of 
maintaining hemodynamic stability, temperature, 
metabolic, and coagulation abnormalities.

34.8.4  Temperature Management

Hypothermia is very common due to numerous 
reasons like. Exposure of abdomen to room air, 
infusion of cold fluids, blood and blood products, 
cold irrigating fluids form the graft and long 
duration of surgery. The child should be draped 

in such a way that ascites and blood should drain 
away not pool on their bodies. Special drapes are 
available for the same. Convective warmers and 
warming mattress should be used. Warm fluids 
should be used and this can be achieved by using 
fluid warmers during transfusions or fluid 
infusions.

34.8.5  Metabolic Management

Hypoglycaemia is common, hence it would be 
wise to run an infusion of 0.45% normal saline as 
maintenance during surgical procedure along 
with monitoring of the blood sugar at regular 
intervals.

Hypokalemia due to chronic administration of 
diuretics is common, routine correction is not 
done unless it is associated with rhythm distur-
bances and if lower than 3  meq/L.  Potassium 
level usually tends to rise on its own during the 
course of the operation due to the acidosis, 
administration of blood products, and 
reperfusion.

Normal serum ionized calcium levels are very 
important for preserving myocardial contractility 
and also for the coagulation pathway. Citrate in 
the blood products tends to decrease ionized cal-
cium levels, especially during the anhepatic 
phase. Calcium levels are maintained by admin-
istering calcium chloride or calcium gluconate 
infusions.

34.8.6  Hemodynamic Management

Maintaining hemodynamics is the main focus of 
anesthetic management in liver transplantation. 
The reasons for hemodynamics instability are 
multifactorial. Decreased preload, low systemic 
vascular resistance, vascular clamping, ongoing 
fluid, and blood losses are some of the reasons for 
hypotension.

CVP monitoring is technically unreliable due 
to changes in intra-abdominal pressures. Massive 
ascites, when present, can lead to a false eleva-
tion of CVP which is followed by a drastic fall on 
the drainage of ascitic fluid. Maneuvers like 

34 Anesthetic Issues in the Management of Pediatric Liver Transplantation



464

retraction of the diaphragm, external compres-
sion and pulling of IVC and manipulation of the 
large-sized liver can lead to erratic reading of 
CVP. The monitoring of the trend of CVP along 
with close communication with the surgeon gives 
an idea of the preload.

Flow trac even though extensively used in 
adults is not validated for use in children. Most 
centers do not prefer using pulmonary arterial 
catheters in children owing to the complications 
associated with insertion. Minimally invasive 
cardiac output monitors like PICCO and LIDCO 
are used in some centers.

TEE is a definitive monitor of the intravascu-
lar volume. Small biplanar probes are available 
for pediatric patients. It provides an excellent 
assessment of ventricular filling and function 
along with diagnosing structural abnormalities. 
However, interpretation of TEE requires signifi-
cant skill, training and also carries the risk of rup-
turing esophageal varices.

In addition, constant communication with the 
surgical team, direct visualization of the IVC and 
the turgidity of the liver graft is of paramount 
importance and provides very useful information.

34.8.7  Hematological Management

The degree of coagulopathy present will depend 
on the severity of liver disease. Blood loss can be 
significant during the dissection phase especially 
if the patient has undergone a Kasai procedure. In 
the past or has had spontaneous bacterial perito-
nitis. Coagulopathy worsens during the anhepatic 
phase due to absent synthesis of hepatic clotting 
factors. Frequent monitoring of coagulation 
parameters like PT, aPTT, INR, platelets, fibrino-
gen should be done. Thromboelastogram 
(Viscoelastic study) will give an idea of the 
global hemostasis. Observing the surgical field 
and communication with the surgeon perhaps is 
the best real-time way to assess coagulation and 
administer blood products.

In pediatric liver transplant all over the world 
full correction of the coagulation parameters is 
not carried out. This is in order to avoid causing 
vascular thrombosis and early graft occlusion. 
Correction is done in the presence of an obvious 
coagulopathic bleed and an abnormal 
TEG. Depending on the coagulation parameters, 
decision of the blood product to be used is taken. 
Preferably cryoprecipitate and platelet transfu-
sion are withheld unless deemed necessary.

In addition to the above, normal calcium level, 
normothermia, and correction of metabolic aci-
dosis also help in maintaining normal 
coagulation.

34.9  Stages of Liver 
Transplantation 
and the Specific Anesthetic 
Considerations

34.9.1  Dissection Phase- (Pre- 
hepatic Stage)

It extends from skin incision to occlusion of 
hepatic artery and portal vein.

This phase involves mobilization of liver from 
the inferior vena cava and various adhesions as 
well as dissection of the porta. There is a potential 
for significant bleeding from adhesions from pre-
vious abdominal surgeries such as Kasai proce-
dure. The aim should be volume replacement to 
maintain hemodynamic stability, blood glucose 
levels, and correction of coagulopathy. Excessive 
ascitic fluid drainage can also lead to hypotension 
and acidosis and this can be managed by 5% albu-
min or colloid replacement. Vasopressors such as 
Nor Adrenaline, dopamine can be started to 
increase the systemic vascular resistance (SVR).

Application of retractors against the dia-
phragm reduces the lung compliance and there is 
an increase in the airway pressure. Ventilatory 
parameters may need to be readjusted and air 
entry to both lungs rechecked.
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34.9.2  Anhepatic Phase

The characteristic feature is the decrease in 
venous return due to clamping of the IVC (partial 
or complete) leading to hypotension though the 
presence of collaterals may help in better toler-
ance. There is also compensatory tachycardia to 
maintain cardiac output.

In children with less developed collaterals 
especially ones having a relatively normal hepatic 
function and minimal portal hypertension; acido-
sis, aggravating hyperkalemia, interruption of 
gluconeogenesis, and hypoglycemia can be seen.

Care must be taken not to overhydrate the 
patient during this stage since it may lead to graft 
edema post-reperfusion.

Acidosis tends to worsen due to decreased 
clearance of acids and lactate by the liver. Routine 
administration of soda bicarbonate is not recom-
mended unless the patient is hemodynamically 
unstable and acidotic.

The anhepatic phase ends with reperfusion of 
the portal vein. During reperfusion unclamping 
of the vascular anastomosis is done, the circula-
tory system of the recipient being exposed to cold 
fluids, potassium ion, ischemic factors that can 
lead to hypotension, malignant ventricular dys-
rhythmia, and unstable hemodynamic states. In 
anticipation of reperfusion syndrome, all meta-
bolic abnormalities should be corrected prior to 
reperfusion. The hemoglobin levels are main-
tained at around 8 g/dL. pH, ionized calcium, and 
potassium are all kept within the normal range 
prior to reperfusion.

Temporary administration of 100% oxygen, 
reduction of volatile agents, stepping up inotro-
pes, a small bolus of calcium chloride, sodium 
bicarbonate or phenylephrine can mitigate post- 
reperfusion syndrome. Preparation for necessary 
cardiopulmonary resuscitation or cardiac defi-
brillation on occurrence of life-threatening 
arrhythmias should be always kept in mind.

34.9.3  Neohepatic Phase

This phase is the completion of arterial and bili-
ary anastomosis. Coagulopathy may continue 
along with oozing from the raw edges of the 
graft. Volume resuscitation and blood transfusion 
continues though it has to be judicious to prevent 
graft congestion and fluid overload. The hemato-
crit (Hct) is maintained below 30%, the INR and 
platelet count kept under corrected to decrease 
blood viscosity in order to decrease chance of 
arterial and venous thrombosis. As the neohe-
patic function improves correction of acid base, 
lactic acidosis, electrolyte abnormalities, and 
blood sugar levels stabilizes. The production of 
bile from the graft also gives an idea of the graft 
function.

On completion of all the anastomosis a Doppler 
ultrasound is done to confirm vascular patency. 
Biliary drainage is established by either duct to 
duct anastomosis or hepatico-jejunostomy.

The risk of hepatic artery thrombosis is higher 
in pediatric patients especially if there is greater 
arterial size discrepancy, lower patient weight, 
reoperation, and longer surgical times. Many 
institutions take strict initiative to maintain a 
HCT of <30%. PT, aPTT carefully monitored to 
prevent over correction. Acetylsalicylic acid, 
alprostadil (PGE1), and heparin infusions may be 
started in situations where vascular thrombosis is 
observed intraoperative. After heparin infusion a 
close watch on the TEG and aPTT is kept, with a 
target aPTT being >1.5 times control.

Drains are inserted and abdomen closed. It is 
important that the anesthesiologist pays attention 
to the closure of the abdomen to mitigate tight 
closure leading to respiratory compromise. It can 
also lead to abdomen compartment syndrome 
carrying a risk of graft hypoperfusion, and com-
pression. In such cases staged closure of the 
abdomen is recommended and/or downsizing of 
the graft prior to anastomosis (Table 34.4).

34 Anesthetic Issues in the Management of Pediatric Liver Transplantation



466

Table 34.4 Surgical stages and anesthetic 
considerations

Surgical 
stage Anesthetic considerations
Dissection    • Blood loss

   • Fluid and blood resuscitation
   • Maintenance of normothermia

Anhepatic    • Fluid management
   •  Correction of hypocalcemia, 

hyperkalemia, acidosis
   • Correction of coagulopathy
   •  Prepare for reperfusion with 

adequate intravascular volume and 
correction of metabolic 
abnormalities

Reperfusion    • Management of hypotension
   •  Management of hyperkalemia and 

hypocalcemia
   • Fluid and blood replacement
   • Air embolism

Neohepatic    • Maintain hematocrit around 25%
   •  Preparation for extubation if 

suitable

34.9.4  Elective Ventilation Vs. 
on Table Extubation

Traditionally pediatric patients were electively 
ventilated post-transplantation due to various 
reasons. Vascular patency was a major problem 
in the post-operative period with children requir-
ing frequent imaging which was difficult in a 
restless and agitated child. This coupled with the 
high rate of re-explorations in children, pro-
longed use of sedatives and tight abdominal clo-
sure meant most of the institutions used to 
electively ventilate these patients post opera-
tively. However, recently encouraged by positive 
results of fast tracking in adults many pediatric 
centers perform on table extubation or early extu-
bation in the ICU which has shown favorable 
results. At author’s current institute, we extubate 
the patients on table whenever possible at the dis-
cretion of the treating anesthetist.

The patient has to fulfill certain criteria to 
attempt an on table extubation which includes (1) 
Absence of encephalopathy pre-operatively, (2) 
Hemodynamic stability, (3) Confirmation of vas-
cular patency by doppler, (4) Absence of tight 
abdominal closure, (5) Stable blood gases, (6) 
Absence of massive blood transfusion.

34.9.5  Early Post-operative Course

As mentioned earlier most centers electively ven-
tilate the patients after the transplantation. Opioid 
infusions are commonly used to sedate the chil-
dren. An infusion of muscle relaxants can also be 
added if ventilation becomes difficult due to a 
diminished lung compliance. Fluid management 
should be given as per the maintenance require-
ments and also keeping in mind the loses through 
the drains which might be quite significant. We 
usually use a balanced salt solution with dextrose 
as maintenance and 5% albumin for drain 
replacement during the first 48 h. Hematocrit is 
maintained at not more than 25% to reduce the 
occurrence of vascular thrombosis.

Frequent blood gases are performed to opti-
mize ventilation and also to have an idea about 
the graft function. It is a good idea to perform a 
chest X-ray as soon as the patient arrives in the 
ICU and look for potential problems like mis-
placement of endotracheal tube and central line, 
fluid overload, pleural effusions, and position of 
nasogastric tube. In general, most children under-
going an elective liver transplant and who are 
having a satisfactory graft function post- 
operatively can be considered for early extuba-
tion. Fast tracking is always preferred if the 
condition of child permits. This decision should 
be taken in consultation with the surgeon, hepa-
tologist and the critical care physicians.

34.10  Pediatric Liver 
Transplantation: Special 
Circumstances

34.10.1  Acute Liver Failure

Pediatric acute liver failure (PALF) is one of the 
most challenging critical illnesses which rapidly 
progresses into a severe multisystem organ fail-
ure with unpredictable and potentially devastat-
ing complications. The etiology varies according 
to age. In the neonatal period, neonatal hemo-
chromatosis is the most common cause, whereas 
in children viral hepatitis, metabolic conditions 
and drug toxicities are the commonest. The most 
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widely accepted consensus defines PALF as fol-
lows [9]:

Biochemical evidence of liver injury in a child 
without evidence of chronic liver disease.

Coagulopathy not corrected by vitamin K 
administration.

INR  >  1.5 with encephalopathy or INR  >  2 
without encephalopathy.

There are many criteria which are used world-
wide, but the most common criteria used is the 
Kings college criteria. The Kings college criteria 
was devised in 1989 to determine if there are any 
early indices of poor prognosis in patients with 
acute liver failure. It is important that physicians 
identify these patients who have less chances of 
spontaneous recovery and will require liver trans-
plantation (Table 34.5).

34.10.1.1  Management of PAL
F is Management of PALF is complicated and 
needs a multidisciplinary team in a specialized 
center. The children should ideally be cared for in 
an intensive care unit. Intubation and ventilation 
are carried out pre-emptively if the child presents 
with encephalopathy in order to prevent aspira-
tion and ensure oxygenation.

Once the airway has been secured the child 
should be nursed in a calm and quiet room. 
Propofol is an ideal agent for sedation if the 

patient is hemodynamically stable, otherwise, 
opioid-like fentanyl can also be used. Muscle 
relaxants like Atracurium can be used to ease 
ventilation along with high doses of intravenous 
sedatives.

Once the airway is secured central venous 
lines and arterial lines are placed to help with 
regular blood sampling and administration of 
inotropes. Use of ultrasound while placing these 
catheters are recommended because of the coag-
ulopathy associated with PALF. As with all other 
patients with hemodynamic compromise, main-
taining adequate intravascular volume status is 
the first step of management. Once an adequate 
intravascular volume is achieved and hypoten-
sion persists, vasoconstrictor medications should 
be initiated.

Since raised ICP is the main cause of mortal-
ity in ALF measures should be taken to maintain 
ICP < 20 mm Hg. The child’s head should be in a 
neutral position with 10–15° head up to optimize 
jugular—venous drainage. Given the association 
between intracranial hypertension and ammonia, 
ammonia lowering strategies should be initiated 
in the form of lactulose, non-absorbable antibiot-
ics, etc. The low molecular weight of ammonia 
makes it amenable to dialysis, so we employ 
CRRT in all patients with ammonia more than 
100 mmol/L. Fever and shivering must be aggres-
sively controlled as they can lead to surges in 
ICP.  In addition to the above measures, hyper-
tonic saline and mannitol are also administered 
as part of osmolar therapy to prevent intra cranial 
hypertension.

Invasive monitoring of intracranial pressures 
in patients with acute liver failure is controversial 
as it is associated with bleeding complications 
with no benefits in overall survival. Ultrasound 
derived optic nerve sheath diameter and transcra-
nial doppler to measure the pulsatility index of 
the middle cerebral artery might be useful non- 
invasive ways to measure intracranial pressure. 
CT scan can reliably detect the presence of cere-
bral edema and brain herniation, however, it is 
associated with the inherent risks of having to 
transport a critically ill patient.

As it might be expected outcomes post-liver 
transplantation in acute liver failure is signifi-

Table 34.5 Criteria for Liver Transplantation in Acute 
Liver failure

Acetaminophen-induced 
ALF Non-acetaminophen ALF
   1.  Arterial pH < 7.3 

irrespective of 
grade of 
encephalopathy

   1.  INR > 6.5 
(PT > 100 s), 
irrespective of grade 
of encephalopathy

OR OR any 3 of the following:
   1. PT > 100 s    1. INR > 3.5 (PT > 50 s)
   2.  Serum creatinine 

>3.4 mg/dL
   2.  Age < 10 

or > 40 years
   3.  Stage 3 or 4 

encephalopathy
   3.  Serum bilirubin 

>18 mg/dL
   4.  Jaundice to 

encephalopathy 
interval > 7 days

   5.  Non-A, non-B 
hepatitis, syncratic 
drug reaction
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cantly lower than those with chronic disease. The 
decision not to proceed for liver transplantation 
must be made when there are features of irrevers-
ible neurological damage like fixed dilated pupils 
and cerebral herniation on neuroimaging. Patients 
with cardiovascular instability with escalating 
inotropes and those with high ventilatory require-
ments are also unlikely to have favorable out-
comes post-liver transplantation.

Intraoperative management of these patients is 
essentially an extension of the pre-operative ICU 
management. Additional venous access might 
have to be secured anticipating the major fluid 
shifts associated with liver transplantation. If the 
patient was on CRRT pre-operatively, it should 
be continued intra operatively as well. Ultrafiltrate 
of CRRT can be adjusted according to the hemo-
dynamics of the patient. Pupillary reaction and 
symmetry must be noted at frequent intervals. It 
is important to know that surges of icp can occur 
intraoperatively due to the rapid administration 
of fluid and electrolytes. Continuation of CRRT 
during the surgery as well as judicious use of flu-
ids, blood, and products will help in tackling this 
problem.

These patients are sedated and electively ven-
tilated. Neurological monitoring should continue 
in the early postoperative period. CRRT can be 
discontinued postoperatively once there is evi-
dence of adequate graft function. Sedation is usu-
ally continued for 24–36 h and then subsequently 
the sedation weaned off. The decision to extubate 
will depend upon the neurological recovery and 
adequacy of graft function.

34.10.2  Primary Hyper Oxaluria

Primary hyperoxaluria is a rare autosomal reces-
sive disorder arising from the deficiency of the 
enzyme alanine glyoxylate aminotransferase 
located in the liver [10]. This results in the depo-
sition of calcium oxalate crystals in kidney, pro-
gressive renal failure, and systemic oxalosis. A 
combined liver and kidney transplantation is the 
only solution that results in improved graft and 
patient survival. These children have varying 
degrees of cardiac function abnormalities and 

oxalate osteopathy due to oxalate deposition in 
the bone marrow. Aggressive renal replacement 
therapy should be initiated pre-operatively to 
keep oxalate levels at 30–45 mmol/L. Due to the 
massive systemic oxalate burden and slow resol-
ubalization of oxalate, it is recommended to con-
tinue CRRT intraoperatively and for a few days 
after the transplantation as well.

34.10.3  Maple Syrup Urine Disease 
(MSUD)

MSUD is a rare genetic disorder characterized by 
a unique set of perioperative challenges to the 
anesthesiologist. It is an autosomal recessive 
condition caused by a deficiency of the enzyme 
Branch Chain Alpha Ketoacid Dehydrogenase 
(BCKDH). This results in excessive accumula-
tion of branch chain amino acids, leucine, and 
isoleucine. Neurotoxicity is caused by these 
increased leucine levels with most children pre-
senting in infancy with obtundation and coma 
leading to cerebral edema. These children are put 
on a protein-restricted diet and also requires 
avoidance of catabolic states like prolonged fast-
ing and dehydration [11].

It is important to avoid catabolic states during 
the pre-operative fasting of these patients. This 
involves administration of specialized TPN 
which includes concentrated dextrose solutions. 
The plasma BCAAs should be normalized prior 
to surgery and dehydration and acidosis if any 
should be corrected. Lipid infusion can be used 
intraoperatively to provide calories avoiding 
overhydration and hemodilution, thus preventing 
cerebral edema.

34.11  Conclusion

It has been around 4 decades since the first suc-
cessful pediatric liver transplantation. In these 4 
decades huge advances have been made in the 
surgical and anesthetic techniques, perioperative 
care and immunosuppression. Very few children 
die intraoperatively and in the early post- 
operative period. However, further studies are 
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required especially for immunosuppression 
where chronic rejection and lymphoproliferative 
disorders still cause significant loss of graft. Fast 
tracking is an exciting concept and is fast catch-
ing up with major pediatric transplant centers 
with significant improvement in outcomes.
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Key Points
• Pediatric Liver Transplant necessitates 

the anesthesiologist to deal with distinct 
physiology of infants and children.

• Children are more vulnerable to hypo-
thermia and the harmful effects associ-
ated with them.

• Managing coagulopathy is extremely 
important owing to the small calibre of 
pediatric vessels and the tendency to 
have thrombosis.

• The success of pediatric liver transplant 
depends on a multidisciplinary approach 
including the pediatric hepatologist, 
transplant surgeon, anesthesiologist, 
and intensivist.
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35Challenges in Pediatric Liver 
Transplant

Neelam Mohan and Mohit Vohra

35.1  Introduction

Liver transplantation in pediatrics is a hard-won 
victory after the contribution from the advanced 
technologies and the surgical and medical exper-
tise of the transplant team. However, consider-
able challenges still exist in terms of donor 
selection, complications following transplant and 
immunosuppressive barriers based on recipient’s 
immune reactivity and immune tolerance. 
Creation of further improvised protocols and 
target- based strategies to deal early and delayed 
complications and to maintain long-term follow-
 up is still in a growing phase to meet the chal-
lenges of pediatric liver transplant. Besides 
robust infrastructure, advanced technologies, 
expertise in medical and surgical field, certain 
policies, protocols, and decisions need to be 
strengthened.

35.2  Journey till the Transplant

The child who is being taken as recipient due to 
an end stage liver disease embarks a unique jour-
ney from pre-transplant assessment to the post- 
transplantation. The first successful pediatric 

liver transplantation (LT) was done in 1967 by 
Starzl et al. [1]. Bismuth and Houssin were the 
first to describe the scope of reduced adult liver in 
the pediatric population. It was Strong who suc-
cessfully transplanted the left lobe liver of the 
mother into her son (recipient). Since then, the 
science of living donor transplantation (LDLT) is 
ever growing crossing the obstacles one by one. 
With the advancement in surgical, anesthetic and 
medical techniques along with availability of 
newer immunosuppressive drugs - the outcome 
of LDLT have been improved worldwide. The 
most common form of LT performed in Asia, 
presently is LDLT.  The factors which needs a 
meticulous consideration for this successful jour-
ney includes the following.

 (a) Detection at the right time and timely 
referral.

 (b) Risk identification and stratification.
 (c) Donor Selection.
 (d) Co-morbities management in the recipient.
 (e) Technical and operational feasibilities.
 (f) Successful graft uptake and survival.

35.3  Challenges in Pediatric Liver 
Transplant

The challenges in the pediatric liver transplant 
can be understood based on the age and the phys-
iology of pediatric patients, transplanted liver 
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{rejection, native liver disease, and surgical com-
plications} post-transplant care (sepsis, drug tox-
icity) and those related to the underlying disease 
(recurrence of the primary disease in allograft) 
and many other contributing factors. Sometimes 
the weight of an adolescent child is more to fulfil 
the criteria to accept only a single lobe from one 
donor and hence dual donor are being selected 
for the two lobes of liver in the recipient to match 
the required graft recipient body weight ratio 
(GRWR).

The challenges include timely referral, selec-
tion criteria, small for size infant, nutritional sta-
tus, vaccination status, difference in anatomy and 
size of vessels as compared to adults (portal vein, 
hepatic artery and hepatic vein), associated mul-
tisystem involvement (renal, brain, cardiac) oper-
ational feasibility, medical and surgical expertise, 
post-transplant intensive unit (ICU) care (includ-
ing sepsis, immune suppression, post-surgical 
complications) post-transplant morbidity, longer 
life expectancy, physiological immaturity, ado-
lescence issues, transition stage to adulthood, and 
quality of life as compared to the peers 
(Table 35.1).

1. Selection of pediatric LT candidates: The 
guidelines or the selection criteria of the pedi-

atric LT candidates varies from center to cen-
ter across the world. Although the guidelines 
given by North American Society for Pediatric 
Gastroenterology Hepatology and Nutrition 
(NASPGHAN) and American Association for 
the Study of Liver Diseases (AASLD) have 
clearly suggested regarding the evaluation and 
selection of the pediatric LT candidates. The 
factors such as age at diagnosis, other system 
involvement, metabolic liver disease, gender 
bias, distance from their native place to the 
specialized center, insurance types, and finan-
cial dilemmas besides other issues play key 
role in timely referral.

The commoner indications for LT for which the 
patient is being referred includes biliary atre-
sia, metabolic liver disease, liver disease asso-
ciated with other system anomalies like 
complex congenital heart disease, genetic 
causes of liver disease, inherited metabolic 
disease, and complex tumor of liver. The delay 
in referral not only worsens the ongoing dis-
ease but has a substantial impact on the vul-
nerable organs like brain development and 
overall growth, development and nutritional 
status of the child. Besides this pediatric pop-
ulation has lots of specificities which make 
them more vulnerable to the functional dis-

Table 35.1 Challenges

S. No. Main challenges Description
1. Selection of patient and timely 

referral
Multiple factors affecting the selection criteria lack of 
understanding the value of in time referral

2. Nutritional status Malnutrition has a deleterious effect on post-transplant status
3. Vaccination status Vaccine preventable infections (VPI) are common 

post-transplant
4. ABO incompatibility Increased chances of rejection
5. Operational feasibility Advanced technology for assessment
6. Medical and surgical expertise Expertise in handling small for size children
7. Post-transplant ICU care Well-equipped pediatric ICU
8. Post-surgical complications Sepsis, rejection vascular, and biliary complications
9. Immune suppression Prolonged and severe side effects
10. Post-transplant morbidity and 

mortality
Still higher rates of morbidity and mortality

11. Physiological immaturity Effect of metabolic and immune system on growth and 
development

12. Adolescence issues Delicate developmental period
13. Transition stage to adult Various psychosocial and socioeconomic issues
14. Quality of life Health related quality of life as compared to the peer group
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abilities. The prognosis for pediatric LT is also 
challenging since the list of indications for the 
pediatric LT is vast but the sample size for the 
transplant is relatively small. The methods 
like PELD score to assess the morbidity and 
mortality of a child or extrapolating adult data 
to children are not the appropriate way to 
prognosticate as witnessed in many studies 
recently.

Despite the advancement in diagnosis and man-
agement of acute liver failure (ALF) in chil-
dren, there is still inability to predict outcome 
in many cases. In a child presenting with ALF, 
the challenge is to determine whether the child 
has potentially treatable condition or LT is nec-
essary and appropriate for the survival of the 
patient. The prognosis also depends upon the 
complications such as sepsis, cerebral edema, 
multiorgan failure, hepatic encephalopathy. 
Still there is a lack of robust criteria or tools to 
determine the survival or mortality in ALF. The 
existing scoring system such as King’s College 
Hospital Criteria (KCHC) and Pediatric End 
Stage Liver Disease Score (PELDS) has its 
own limitations. KCHC is relevent only for 
acute liver failure patient whereas PELDS can 
be used for chronic liver disease in children. 
The two criteria KCHC & PELDS are not 
interchangable [2]. While our capacity to 
understand and deal with pediatric ALF is con-
stantly improving it still remains a challenging 
entity. The short- term survival in ALF is good 
but the long-term survival remains poor as 
compared to the other indications. The timely 
referral to an experienced transplant center is 
the one of the most crucial factors altering the 
survival rates post-transplant [3]. LDLT with 
optimization of timing and less cold ischemia 
time has increased the survival rate.

The timely referral to LT centre is important. The 
process starts with Identification of patients 
by the referring unit in a standardized laid 
down manner. This will result in well timed 
transplantation and good outcome.

2. Nutritional Status of the child: Children with 
end stage liver disease offer a more complex 
challenge regarding the nutritional status, 

growth and development, cognition, psycho-
social and neuro-development. Nutritional 
status at liver transplant is an important prog-
nostic factor in outcome and survival. Almost 
60% of children undergoing liver transplanta-
tion are found to be malnourished. The factors 
contributing to the poor nutrition list includes 
frequent admissions, nausea, recurrent vomit-
ing, altered gustatory sensations, ascites, 
altered mental status, and many more. The 
metabolic factors responsible are increased 
metabolic rate, increased resting energy 
expenditure [4], increased fat oxidation, ele-
vated leptin and TNF-alpha, insulin resistance, 
decreased insulin like growth factor and 
reduced glycogen store. A malnourished child 
undergoing liver transplantation is at increased 
risk of infections with increase in morbidity 
and mortality. High calorie diet with protein 
supplements is given orally. In case of poor 
oral acceptance occasionally nocturnal naso-
gastric feeding protocol [5] is followed. High 
doses of fat-soluble vitamin (A, D, E, K) must 
be added along with water soluble vitamins in 
cholestatic liver disease. Increasing the pro-
tein calorie malnutrition score (PCM score) 
pre-transplant increases the survival rates 
post-transplant.

3. Vaccination and its impact: The incidence of 
vaccine preventable infections (VPIs) is more 
in transplant child as compared to general 
population. In the first 5 years post-transplant 
the incidence of hospital admission is one in 
six transplant recipients resulting in signifi-
cant morbidity, mortality, graft injury, and 
cost. NASPGHAN (North American Society 
for Pediatric Gastroenterology, Hepatology 
and Nutrition) and AASLD (American 
Association for the Study of Liver Disease) 
recommend in their joint practice guideline on 
evaluation of the pediatric patient for trans-
plant that “completion of all age-appropriate 
vaccinations should occur prior to transplanta-
tion and ideally before the development of end 
stage liver disease [6] and those children who 
have not completed the necessary vaccine 
schedule can receive vaccinations on an accel-
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erated schedule. Immunizations are a 
minimally- invasive, cost-effective approach to 
reducing the incidence of VPIs. The impor-
tance of vaccination in pre-transplant phase is 
crucial because of increased immunogenicity 
of the vaccines given before the initiation of 
immunosuppressive drugs. Live vaccines are 
not indicated due to the risk of acquiring the 
disseminated vaccine strain disease in an 
immunocompromised host. Ideally a trans-
plant should not occur until at least 4 weeks 
[7] following live vaccine administration.

4. ABO incompatible liver transplantation (ABOi 
LT): It is also one of the challenges which is 
being optimally managed by breaking the 
ABO barrier before LT. The recognition of the 
blood group antigens by recipient immune 
system can cause complications and graft loss 
in unmatched liver. As the blood group anti-
gens exist on bile ducts epithelium, the 
chances of progressive intrahepatic bile duct 
injury are more [8]. The development of anti- -
A/B antibody reducing immunosuppressive 
protocols including plasmapheresis, immuno-
globulin, and use of immunomodulators such 
as rituximab which have made the outcome 
after living donor (LD) ABO incompatible LT 
equivalent to that achieved with LD ABO- 
compatible (ABO-c) [9] (Fig. 35.1).

5. Operational Feasibility: The availability of the 
latest imaging apparatus using the modern 
techniques is required to precisely assess the 
finer anatomical details of the vessels. An 
effective pre-operative imaging evaluation 
provides a broad understanding of the vascu-

lar size and anatomy of celiac axis, and portal 
vein, hepatic veins, inferior vena cava besides 
the parenchymal status and morphology of 
liver. The ultrasound doppler and CECT with 
arterial phase sequences provides the informa-
tion regarding any anatomical variants and 
accurate vascular measurements. The diame-
ter of portal vein can be measured at the prob-
able anastomosis level which can help us in 
assessing the chances of portal vein stenosis.

The classification of hepatic artery anatomic vari-
ants given by Michel has 10 sub-types, the 
sub-types II, III, V and IX are most signifi-
cantly associated [10] with LDLT. In children 
the multiple arterial feeders in the grafts can 
cause poor perfusion of the graft. This may 
require creation of an alternate interposition 
graft between aorta and hepatic artery for an 
alternate inflow. Hepatic artery variants usu-
ally do not affect liver transplant but only in 
case the right hepatic artery arises from the 
superior mesenteric artery which requires for 
bench reconstruction.

6. Medical and Surgical expertise: The innovative 
and advanced surgical techniques over the last 
few years have overcome the hurdles of find-
ing the size matched donors especially in 
small children. There is tremendous improve-
ment in the graft and patient survival at 1 year 
after liver transplantation of more than 85%. 
The long-term survival of these patients is due 
to fair graft function despite complications. 
The need for re-transplantation has been 
decreased significantly. Over the years the sur-
gical skillful techniques of using split, reduced 

Transplant

Pre-transplant
plasmapheresis

Rituximab MMF

Post-transplant
plasmapheresis

Steroid

MMF/TAC

Splenectomy ±

Fig. 35.1 ABO-Incompatible transplant
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and living related transplantation have 
increased the pool and the survival of liver 
transplantation in children The surgical exper-
tise has managed the technical challenges 
including vascular anatomy, sufficient volume 
for metabolic demands of the patient, and bili-
ary drainage. The surgical skills in using the 
split liver from deceased donors and partial 
grafts from living donors has resulted in better 
and prolonged graft viability. The use of a left 
lateral segment graft (segments II and III) 
enables to do away the discrepancy of donor 
to recipient size ratio. For very small babies a 
further reduction of the left lateral segment is 
possible to provide a single segment graft 
(segment II or III). Early surgical interven-
tions for post-operative bleeding, hepatic 
artery thrombosis or the hepatic or portal vein 
obstruction often needed for immediate surgi-
cal revascularization for salvaging the graft. 
The uncommon complications like bowel per-
foration and phrenic nerve injury may also 
require the surgical expertise for correction- 
although rarely required [11]. All the above 
surgical interventions are incomplete without 
the expert medical management under the 
guidance of the team headed by pediatric 
hepatologist.

7. ICU care post-transplantation: The surgery 
affects almost every system of the body. The 
patient is shifted to critical care unit immedi-
ately after the transplantation with or without 
tracheal intubation. The intensive critical unit 
stay is usually directly proportional to the time 
of extubating after surgery. The early weaning 
from ventilator is advocated if the patient is 
hemodynamically active. In patients of long- 
standing portal hypertension pulmonary vaso-
dilatation results in shunting which leads to 
desaturation and hence hepatopulmonary syn-
drome which may require high positive end 
expiratory pressures keeping the target 
spo2 > 92% [12]. The other pulmonary com-
plications include pulmonary edema, pleural 
effusion (right more than left), atelectasis, 
ventilator associated pneumonia, and very 
rarely acute respiratory distress syndrome.

Sepsis is the leading cause of morbidity post- 
transplantation. The infections probably result 
from donor, post-operative wounds, central 
venous catheter and intra-arterial catheter and 
lower respiratory tract from nosocomial sources. 
Sepsis is frequently encountered and one of the 
most dreaded complications which can increase 
the mortality rate. In suspected nosocomial 
infections hospital culture-based protocol is fol-
lowed. Central catheters and fungal infection on 
prolonged antibiotics are also an issue for which 
vigilant protocols are followed. The feasibility 
between the immunosuppressant and antibiotics 
are to be tightly regularized. Serial CRP, procal-
citonin, and blood culture plays the pivotal role 
in upgrading the antibiotics and antifungal 
drugs accordingly.

Another important parameter in children to be 
monitored is hemodynamic stability. The vol-
ume status of the child depending upon the 
total intake (oral and intravenous) and output 
(urine and abdominal drain or aspirates) is an 
important tool to assess the hemodynamic sta-
bility. The hemodynamic status can be mea-
sured using invasive to non-invasive methods. 
The invasive methods include intra-arterial 
blood pressure monitoring, cardiac output 
monitoring, and other methods which varies 
from center to center. The clinical states which 
may affect the urine output status of the child 
and indirectly affecting the hemodynamic sta-
bility includes hepatorenal syndrome and syn-
drome of inappropriate antidiuretic secretion 
(SIADH). To obtain the optimal hemody-
namic status of the child requiring fluids, ino-
tropes or vasopressors for optimum cardiac 
output, the clinical and advance hemodynamic 
monitoring guides to monitor the actual fluid 
status.

The electrolytes imbalance is very crucial and 
need a careful monitoring in post-transplant 
child. The common electrolyte disturbances 
seen in post-transplant child are as follows 
[12].

Electrolyte imbalance needs to be closely moni-
tored and carefully addressed to avoid poten-
tial harmful effects like hemolysis, cerebral, 
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Table 35.2 Electrolyte disturbances

Electrolyte 
abnormality Mechanism
Hyponatremia Common in end staged liver 

disease. Fluid with high sodium 
resulting in rapid increase 
should be avoided

Hyperkalemia Ischemia -perfusion process 
during transplant

Hypocalcemia Citrate in blood products given 
during surgery chelates calcium

Hypophosphatemia Increased uptake by 
regenerating hepatocytes, 
intracellular shifts

Transient 
hyperglycemia

Additional insulin infusion may 
be required

neuromuscular, and myocardial irregularity 
(Table 35.2).

The neurological complications account for 
13–43% in post-transplant children observed 
in a 1 year follow-up study [13]. The compli-
cation usually occurs in first 2  weeks post- 
transplantation. The commonest manifestation 
is seizure which is frequently of generalized 
tonic-clonic variety. The probable causes 
include hypoglycemia, hypomagnesemia, 
hyponatremia. Cerebral infarction, hyperten-
sion, posterior reversible leukoencephalopa-
thy syndrome (PRES), and adverse effects of 
immunosuppressive drugs. The modalities of 
investigations include electroencephalogram 
(EEG) and brain imaging. The differential 
diagnosis includes prolonged unconscious-
ness due to the use of benzodiazepines 
(Hepatic insufficiency prolongs half-life), 
intracranial hemorrhage, and meningitis. The 
antiepileptic of choice is levetiracetam [14] 
because it does not have liver metabolism and 
minimum drug interactions.

Another area of pediatric intensive unit care is 
gastrointestinal (gi) involvement in terms of 
high gastric aspirates or a paralytic ileus. Such 
complications sometimes might need 
re-exploration.

The nutrition of the child even post- transplantation 
is a big challenge. The aim of 120% of basal 
energy expenditure and protein supplementa-
tion in the range of 1.0–1.3  g/kg/day is ful-
filled to promote good wound healing and 

hepatocyte recovery post-liver transplant [4]. 
Glucose infusion rate (GIR) should be around 
2–3 gm/kg body weight per day of glucose 
with the frequent sugar monitoring and keep-
ing the blood glucose range between 140 and 
180  mg/dl [15]. The role of total parenteral 
nutrition (TPN) is reserved only in the cases 
where the cough and swallow reflexes are 
compromised. The enteral nutrition should be 
initiated within 12–24 h post-liver transplanta-
tion or as soon as possible to prevent the atro-
phy of intestinal cells and maintain the 
structural and the functional integrity of the 
gut. The other advantages of early enteral 
feeding include prevention of translocation of 
microorganisms, prevention of bile stasis, and 
stimulation of portal blood flow.

Late complications. Post-surgical complications:
 (a) Early.

• Acute rejection: Acute cellular rejec-
tion as a complication usually occurs 
between 7 days and 6 weeks postoper-
atively. It is less common in infants 
(20%) but increases to 40–50% in 
older children. In majority of cases, it 
responds with increase in dose of 
immunosuppression and high dose of 
steroids.

• Sepsis: It is one of the dreaded complica-
tions following transplant. Bacterial 
infections are common soon after trans-
plant and are related to pretransplant sta-
tus of the patient, malnutrition and 
lowered immunity secondary to immu-
nosuppression, malnutrition and pre- 
transplant status of the patient. In 
suspected nosocomial infections, 
hospital- based culture protocols are fol-
lowed. Fungal infection due to prolonged 
use of broad spectrum antibiotics and 
Catheral Related Blood Stream Infection 
(CRBSI) require stringent protocols.

• Vascular thrombosis and venous out-
flow obstruction: Portal vein throm-
bosis occurs in 10–40% in post-Kasai 
biliary atresia patients usually sec-
ondary to narrow fibrotic portal vein. 
Hepatic artery thrombosis is consid-
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ered as one of the most devastating 
complications and it may cause graft 
loss with increased morbidity and 
mortality without immediate throm-
bectomy either by interventional 
radiology team or surgery [16]. 
Re-transplant may also be required in 
these cases. The smaller size of ves-
sels in children make them more prone 
to this complication as compared to 
adults. The hepatic artery thrombosis 
may result in biliary necrosis second-
ary to ischemia leading to biliary stric-
tures. Hepatic vein stenosis resulting 
in outflow tract obstruction may pres-
ent with ascites.

• Biliary Complications Early biliary 
complications can occur anytime 
within 12  weeks of transplant. These 
complications can be biliary leaks, cal-
culi, obstruction or strictures. These 
complications are commonly observed 
in reduced size graft recipients. 
Dysfunction of sphincter of oddi, 
although rare but is also a documented 
cause of biliary complications.

• Surgical complications: This includes 
sudden intra-abdominal hemorrhage 
due to a surgical cause like slipped 
ligature which requires re-exploration. 
Gut perforation may also be seen espe-
cially in previously operated patients 
of biliary atresia with peritonitis.

 (b) Late:
• These fall into two categories related 

to allograft itself sand those related to 
immunosuppressive drug (IS). These 
include late biliary stricture, EBV 
infection, late hepatic artery or portal 
vein thrombosis, post-transplant lym-
phoproliferative disease (PTLD), de 
novo auto immune hepatitis. 
Nephrotoxicity, hyperlipidemia, obe-
sity, diabetes, hypertension, and hirsut-
ism may occur sequential to 
immunosuppressive drugs.

• Immunosuppression: This is the criti-
cal step in liver transplantation which 

achieves the balance between allograft 
rejection and infection. The physiolog-
ical differences between children and 
adult makes the use of immunosup-
pression in children more challenging 
and more complex. The differences in 
children as compared to adults includes 
as follows.
 – Pharmacodynamic and pharmaco-

kinetics of the drugs in children 
based on their physiology.

 – Lack of clinical trials in children.
 – Incomplete immunization status 

makes prone towards VPI.
 – Challenges regarding adherence 

and transition to adulthood.
 – Continuous and close monitoring 

for the adverse effects and appropri-
ate management of intercurrent 
infections.

 – Longer exposure period needs con-
tinuous assessment of impact on 
growth and development. The com-
monly used drugs are steroids, 
tacrolimus, mycophenolate mofetil, 
and newer renal protective drugs 
like sirolimus and everolimus. 
Under-suppression may lead to 
rejection which is responsible for 
graft dysfunction and is being com-
monly reported in children. It has 
been observed most commonly 
within first 6  months of transplant 
and late acute rejection being 
observed with non-adherence.

9. A variety of factors contribute to the chal-
lenges of immunosuppressive medications in 
infants and young children. Dispensing medi-
cines as compounded suspension for exact 
medication concentration, unpalatability of 
drugs (especially for infants and toddlers) and 
interaction between supplements, nutrition 
and immunosuppressive drugs are the most 
difficult issues to tackle. The common chal-
lenges with immunosuppressive drugs are 
being tabulated (Table 35.3).

Another challenge in children being more prone 
towards Epstein–Barr Virus (EBV) infection 
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Table 35.3 Drug dispensing

S. No. Compounding factor
1. Dispensing drug as liquid and matching exact concentration
2. Co-administration of drugs with milk, antacids, and iron may cause chelation of drugs
3. Presence of food may alter the rate and extent of absorption. Example: Mycophenolate (MMF) to be 

taken empty stomach for optimal effect
4. Certain medication needs to be refrigerated and suspension should be shaken before giving like MMF
5. Children needs 2.7–4.4 times higher dose per kg to reach the same serum concentration
6. In case of refusal to drug in toddlers nasogastric tube is put to ensure drug delivery
7. Bone marrow suppression, gastrointestinal disturbances, QTc prolongation, nephrotoxicity, bone 

disease, and photosensitivity with IS drugs are commoner in children
8. On-going steroids may lead to short stature, diabetes, hypertension, cosmetic changes (cushingoid 

facies and striae), mood swings
9. Gingival and hirsutism are commoner in children with the use of cyclosporine
10. Neuropsychological deficits and lower cognitive function due to disease and prolonged exposure to 

immunosuppressive drugs

and more likelihood of PTLD which require 
alteration in immunosuppressive goals. 
Immunosuppression following LT is usually 
high in the initial 3–6 months and gradually 
tapered thereafter [17]. Development of 
immune tolerance requiring no immunosup-
pression is still a subject of understanding in 
liver transplantation [18].

10. Post-transplant morbidity and mortality: 
After transplant the currently reported sur-
vival rates are more than 95% at 1 year and 
85% at 10 years. Children lead a near normal 
life style including attainment of puberty 
and development of secondary sexual char-
acteristics and acceptable reproductive life. 
However, timely and regular follow-up with 
doctor and frequent blood sampling cannot 
be ignored. In a series of 200 paediatric 
transplant from author’s center in India, 
1-year and 5-year survival rate was 94% and 
87% respectively with no statistical differ-
ence between the children weighing less or 
more than 10 kg [19, 20].

11–14. (Physiological Immaturity, Adolescent 
issues, Transition into adulthood, and Quality 
of life) The liver transplant recipients who 
were small children may have challenges once 
they reach adolescent age. The challenges are 
not only physical but also psychological, emo-
tional, social, and financial. The main con-

cerns faced in adolescence are mainly the 
distorted body images, a low feeling for below 
average academic performance. The mood 
swings are due to phases of anxiety and 
depression for the future. In children frequent 
hospital visits, everyday medication can lead 
to behavioural issues. This can result in 
strained parent peer relationship and non 
adherence to drug regime. Because of the 
incomplete education, low physical strength 
makes them seek low profile job which again 
is an area of disappointment for them.

These challenges are to be tackled by regular 
counseling of the recipient child and the family by 
the health care professional. The family including 
the child may be kept in follow-up of psychologist 
for timely consult on behavioral and other relevant 
issues. The government needs to frame policies to 
provide jobs to liver transplant recipients with a 
security and a handsome amount to meet the finan-
cial challenges of the treatment. Non-government 
organization should assist such patients in getting 
the financial support for the long-term medication 
and daily living. The Ministry of Health needs to 
take steps to make the non-affording children to 
complete their studies and create window of 
opportunities for the kids undergone liver trans-
plant under 18 years. Social isolation due to learn-
ing disabilities should be condemned.
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36Intensive Care Issues 
in Post- operative Pediatric Liver 
Transplantation

Maninder Dhaliwal and Veena Raghunathan

36.1  Introduction

Pediatric liver transplantation (LT) has become a 
standard and definitive treatment for end stage 
liver disease over last few decades. Advances in 
pre-transplant care, operative techniques, and 
post-operative intensive care have led to consis-
tent improved survival and better outcomes. 
Although the pre-operative condition of patient 
has an important role in affecting outcome, yet it 
is not the sole determinant [1]. LT can be suc-
cessful even in critically ill patients with appro-
priate supportive care. In more recent years, 
sicker patients with complicated comorbidities 
are undergoing LT.  Recent addition of certain 
metabolic diseases as an indication for LT makes 
the post-operative care even more complex and 
challenging. This underlines the larger and more 
crucial role of intensive care management of 
these children peri-operatively. Pre-existing liver 
dysfunction associated comorbidities such as 
hepatopulmonary syndrome, hepatorenal syn-
drome, etc. along with post-transplant variables 
such as allograft dysfunction, infection, and sur-
gical issues makes them an unique cohort which 
requires certain level of expertise to be handled in 

intensive care. Careful monitoring, anticipation 
of problems, and pre-emptive action are essential 
components to post-LT intensive care manage-
ment for successful outcomes.

36.2  General Principles

The anesthetist dealing with the child during the 
liver transplant (LT) operation should accom-
pany the patient to the intensive care unit and a 
detailed handover should be given to the pediat-
ric intensivist. Handover details should cover all 
the important intra-operative events such as 
blood loss, ionotropic requirement, and change 
in ventilatory requirements when the abdomen is 
closed, etc. In the liver intensive care unit (ICU) 
continuous monitoring of vital parameters such 
as arterial blood pressure (ABP), electrocardio-
gram (ECG), peripheral oxygen saturation 
(SpO2), central venous pressure (CVP), and 
temperature is continued. Some units do addi-
tional monitoring with NIRS (near infrared spec-
troscopy), ScvO2, and SjvO2 monitoring. 
Bedside ultrasound (USG) and echocardiogra-
phy are now a routine practice in most of the 
liver ICU.

Head end elevation, 30–45°, is preferred in nor-
motensive patients. All drains and catheters (naso-
gastric, bladder, intra-abdominal, biliary, etc.) must 
be emptied initially and amounts noted. 
Subsequently hourly output should be measured 
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and recorded. Drain output is usually replaced on 
hourly basis. In addition the colour and consistency 
of drains is monitored to assess the intra abdominal 
bleeding. Chest radiograph is performed in all 
patients to check endotracheal tube position (if 
intubated) and for assessing lung condition (like 
collapse, effusion, consolidation etc.). Lung imag-
ing may be repeated if required and regular bedside 
lung USG (no radiation exposure) can also be per-
formed to assist in diagnosing and decision mak-
ing. Laboratory investigations include arterial 
blood gas, complete blood count, coagulation pro-
file (prothrombin time PT/activated partial throm-
boplastin time PTT, thromboelastogram TEG, 
fibrinogen), liver and renal function tests, and 
serum electrolytes (sodium Na, potassium K, mag-
nesium Mg, calcium Ca, chloride Cl, and phospho-
rous P). Blood investigations are typically repeated 
6–12 hourly depending on patient condition. 
Culture surveillance (blood, urine, endotracheal, 
and drain fluid) are usually sent depending on insti-
tutional protocol. USG Doppler for hepatic vessels 
and portal vein flow, as a standard should be done 
daily in children for up to 1 week post-operatively. 
In infants and small children, some units do twice 
daily USG Doppler for early detection of vascular 
issues.

Short-acting, non-hepatotoxic medications are 
preferred for analgo-sedation during the duration 
of ventilation (propofol, fentanyl, etc.). 
Prophylactic antibiotic and antifungal therapy (as 
per institution protocol) and immunosuppressive 
therapy are administered. Anticoagulation in the 
form of either intravenous heparin infusion or 
low molecular weight subcutaneous heparin may 
be initiated in high risk patients (small size artery, 
Budd-Chiari or previous hypercoagulopathy, 
etc.), with close monitoring of coagulation and 
clinical parameters to avoid bleeding.

36.3  Post-op Ventilation 
and Oxygenation

Lung protective strategy should be generally 
adopted with tidal volumes 6–8 ml/kg to target a 
plateau pressure < 30 cm H2O. High positive end 
expiratory pressure (PEEP) (>10  cm H2O) can 

elevate intrathoracic pressures and impair venous 
return form inferior vena cava and hepatic veins 
resulting in graft congestion and loss. As a rule 
extubation is done as early as possible provided 
biochemical parameters and hemodynamics are 
stable, with a good liver vessel doppler study. 
However, the decision to extubate has to be indi-
vidualized based on pre-operative comorbidities 
(such as encephalopathy, hepatopulmonary syn-
drome, etc.) or post-LT complications (such as 
graft dysfunction, fluid over load, etc.).

Pediatric patients on an average require <48 h 
of mechanical ventilation post-LT [2]. In selected 
subgroup of stable patients, tracheal extubation is 
occasionally feasible immediately at the end of 
surgical procedure (fast tracking) [3]. Few adult 
studies have shown that adequate gas exchange 
can be maintained in cases of early extubation (in 
O.R or within 3 h of surgery) with no significant 
difference in the rate of reintubation [3]. However, 
optimal selection criteria for candidates for early 
extubation in pediatric LT are not well defined. 
Also, it is not correct to extrapolate results from a 
center which advocates fast tracking to any 
another due to differences in pre-operative condi-
tion, surgical skill and duration, graft size and 
abdominal status, and other factors [4]. Early 
extubation is generally more feasible in the older 
children compared to the younger ones and 
infants [5].

There is an emerging important role for non- 
invasive ventilation (NIV) and heated humidified 
high flow nasal cannula (HHHFNC), post-LT. By 
providing PEEP, NIV is useful to prevent lung 
atelectasis post-extubation, especially in children 
with compliant chest walls. This also allows for 
earlier and safer extubation subsequently leading 
to lower rates of pneumonia and sepsis post-LT 
[6].

36.4  Fluids and Hemodynamics

For the liver graft to function well, it is important 
to maintain euvolemic state during immediate 
post-transplant period. Though input–output 
chart during surgical procedure gives a rough 
idea on fluid status, it is really difficult to assess 
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the exact status particularly in small infants as 
insensible and abdominal fluid losses cannot be 
judged accurately. Several parameters such as 
heart rate, inferior vena cava (IVC) filling, urine 
output, post-transplant weight, and CVP are used 
in combination to access the intravascular vol-
ume status. The ultrasonic cardiac output moni-
tors (USCOM) are a more reliable tool in 
accessing fluid status in such scenario [7].

Hypovolemia can lead to impaired hepatic 
perfusion, whereas excessive fluids can lead to 
venous congestion in allograft and can cause 
graft loss. The pre-existing liver disease induced 
vasodilatory state, myocardial dysfunction, etc. 
may resolve slowly over few days post-LT; this 
may also contribute to hypotension and can 
explain the need for continued minimal vasopres-
sor/inotrope support in such cases. 
Dyselectrolytemia, metabolic derangements, 
reperfusion syndrome, and primary graft dys-
function can all lead to postoperative hemody-
namic instability.

In cases of hypovolemia, careful controlled 
fluid resuscitation should be carried out, with 
meticulous and continuous reassessment. 
Synthetic colloids have been demonstrated to be 
as effective as albumin for fluid resuscitation [8]. 
Norepinephrine is the usual vasopressor of choice 
in pediatric post-LT patients. In cases of myocar-
dial dysfunction, dobutamine is conventionally 
used. Hypertension has also been described in 
20–70% patients of pediatric patients undergoing 
LT [9, 10]. This occurs due to interplay of multi-
ple variables: high volume status, steroid, calci-
neurin inhibitor, and high renin levels. 
Medications used to treat hypertensive crisis 
include sodium nitroprusside infusion or calcium 
channel blockers initially. Angiotensin convert-
ing enzyme inhibitors and beta blockers are sub-
sequently added as needed. Hypertension must 
be well controlled in the post-LT patient as there 
is higher risk of bleeding due to the presence of 
coagulopathy/thrombocytopenia in these 
patients.

36.5  Electrolytes and Metabolic 
Issues

Lactate in post-LT patient have a special role. In 
addition to diagnosing and treating shock, lactate 
is a good surrogate marker of good graft function 
during immediate post-transplant period. The 
lactate reaches peak during anhepatic phase of 
surgery and once the new allograft is implanted 
the lactate should start showing a declining trend. 
Persistent hyperlactatemia or progressive 
increase after surgery is a marker for graft dys-
function. Usual maintenance fluid in children is 
5% or 10% dextrose with additives. This is to 
provide at least 4–6 mg of glucose/min. In case of 
hyperglycemia, rather than decreasing the dex-
trose concentration, providing adequate glucose 
along with insulin infusion should be carried out. 
This hyperglycemia can be due to transient insu-
lin resistance during postoperative period. On the 
other hand, persistent hypoglycemia should alert 
the possibility of graft dysfunction.

Most of the children with chronic liver disease 
(CLD) would be having long standing hyponatre-
mia before surgery. This may require low sodium 
fluids during post-LT period, to avoid rapid 
increase in serum sodium levels. Regular electro-
lyte monitoring is essential. Hypocalcemia may 
be present, especially if a patient has received 
massive amounts of blood products (citrate-
induced). This needs to be corrected. Hypoka-
lemia and hypomagnesemia may also occur and 
have to monitored regularly and should be appro-
priately supplemented.

36.6  Pulmonary Issues

 1. Pleural effusion: Pleural effusions are very 
common post-LT (around 30%) and seen most 
often on the right side [4]. This pleural fluid 
collection is usually reactionary, and is due to 
movement of ascitic fluid across the diaphragm. 
Fluid collection also occurs due to surgical 
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handling and placement of a foreign graft tis-
sue below the diaphragm. Most of these effu-
sions resolve spontaneously with careful 
restriction of volume intake and/or cautious 
diuretic therapy. Chest tube insertion is rarely 
needed; only if respiratory compromise occurs.

 2. Atelectasis: This is a unique concern, espe-
cially in the smaller children, which can delay 
extubation or lead to respiratory distress post- 
extubation. Patients who are malnourished or 
have abdominal distension have added risk. 
Regular chest physiotherapy post-LT plays 
both a preventive as well as therapeutic role to 
achieve lung expansion.

 3. Pulmonary edema: This can occur due to fluid 
overload and/or myocardial dysfunction. 
Careful attention to volume status and fluid 
restriction is the key to prevent this.

 4. Ventilator induced pneumonia (VAP): pro-
longed post-op ventilation could predispose 
to VAP. Strict asepsis, implementation of VAP 
bundle, early extubation, non-invasive venti-
lation, and regular physiotherapy helps in 
reducing the risk.

 5. Acute respiratory distress syndrome (ARDS): 
The mechanism for development of ARDS 
post-LT are manifold. These include transfu-
sion related acute lung injury (TRALI), severe 
reperfusion injury, and infection induced 
ARDS.  Low tidal volume with high PEEP 
strategy is the dictum for ventilator strategy in 
ARDS, the same is applicable to the post-LT 
scenario. Inhaled nitric oxide may be used in 
cases of refractory hypoxemia. Role of HFOV 
and prone ventilation is unclear, but if indi-
cated it is used.

 6. Right hemidiaphragm paralysis due to phrenic 
nerve injury is a rare complication which may 
hamper weaning process [11].

36.7  Post-operative 
Hematological Issues: 
Bleeding and Coagulopathy

Most of the children who undergoes LT are coagu-
lopathic. Due to the usage of various blood prod-
ucts during the surgery, PT/International 

normalized ratio (INR) measured at 4–6  h after 
surgery would reflect the true coagulation profile. 
Coagulation is also used as marker of graft func-
tionality. During immediate post-operative period 
PT/INR is monitored on regular interval to check 
that it is improving. In case of progressive worsen-
ing of INR, fibrinogen and platelets are to be 
checked and are usually corrected before giving 
fresh frozen plasma (FFP). While correcting coag-
ulopathy risk of bleeding must be carefully bal-
anced against risk of thrombosis of hepatic vessels. 
Overcorrection of coagulopathy and thrombocyto-
penia should be avoided. Thromboelastography 
(TEG) is useful to guide the type and amount of 
blood component transfusion needed along with 
PT/PTT, fibrinogen, and platelet counts [12]. The 
usual target levels are INR 1.5–2, fibrinogen 
>100  mg/dl and platelet >50,000/mcL [13]. But 
these target parameters are not the rule always, 
clinical examination and surgical team inputs are 
necessary before giving blood products.

Thrombocytopenia is commonly seen post-LT 
and may persist for about 2 weeks: it occurs due 
to platelet activation and consumption following 
reperfusion and hypersplenism. Some centers 
advocate target threshold of <20,000/mcL along 
with active bleeding to transfuse platelets [14]. 
Monitoring of serial blood Hb levels along with 
drain Hb level and drain amount will help to 
identify active ongoing bleeding. Imperfectly 
achieved surgical hemostasis (e.g.: slippage of 
surgical knot), hypocalcemia, and thrombocyto-
penia can cause postsurgical bleed. In cases of 
persistent or increasing bleeding, re-exploration 
is indicated. Intra-operative use of recombinant 
factor VII has been shown to control profuse 
bleeding without increasing rate of thrombotic 
events. Restrictive transfusion strategy is advo-
cated as it has been shown to improve patient out-
comes [15].

36.8  Gastrointestinal (GI) 
Concerns

 1. Ileus: Post-operative ileus may occur due to 
the use of analgesia, intra-operative gut han-
dling, dyselectrolytemia (e.g.: hypokalemia), 
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and occasionally sepsis. In patients with bili-
ary atresia with kasai portoenterostomy, LT 
procedure is complicated by bowel adhesions, 
thereby increased risk of perforation in such 
patients. Bowel perforation during post-LT 
period may be silent with absence of classical 
signs such as rigidity, fever, etc. due to immu-
nosuppressive drugs. In cases of clinical sus-
picion (persistent abdominal pain, increasing 
gastric aspirates, and abdominal distension) 
further evaluation with imaging (abdominal 
CT) is essential and abdominal re-exploration 
would be required in some cases. Elevated 
abdominal drain amylases and visibly dirty 
abdominal drain could give clue towards 
intestinal perforation.

 2. Gastrointestinal (GI) bleeding: Stress-induced 
and steroid induced gastroduodenal ulceration 
can lead to upper GI bleeding post-LT. Massive 
upper GI bleed is usually from esophageal 
varix secondary to portal vein (PV) thrombo-
sis, hence urgent evaluation by endoscopy and 
ultrasound doppler must be done. Any lower 
GI bleed or hematochezia requires CT angi-
ography to look at bleeding site in small and 
large bowel. The management consists of ces-
sation of antiplatelet drugs and anticoagu-
lants. PT/aPTT, platelet count, fibrinogen 
need to be evaluated and blood product sup-
port needs to be given according to laboratory 
and clinical parameters. Upper GI endoscopy 
is essential in cases of significant bleeding; it 
has both diagnostic and therapeutic value.

 3. Intra-abdominal hypertension: Intra- 
abdominal hypertension can occur occasion-
ally in the smaller babies, where graft size is 
large, leading to a tight closure. This is detri-
mental to liver perfusion and may also lead to 
progressive shock and organ dysfunction, par-
ticularly kidneys. There must a high alert for 
this complication whenever large grafts are 
used, and occasionally the abdomen is left 
open and temporary closure devices are used 
in order to prevent this complication.

36.9  Neurological Issues

Children who were ventilated due to encepha-
lopathy prior to LT, neurological recovery might 
be slow as the cerebral oedema takes time to 
resolve. Seizures during post-LT period is not 
uncommon and could occur in around 30% cases 
[15]. Etiology for seizures during post-LT would 
include dyselectrolytemia, hypertension, calci-
neurin inhibitor toxicity, posterior reversible 
encephalopathy syndrome (PRES), acute cere-
bral infarctions, hemorrhages, continue myelin-
olysis (CPM), [9, 16] etc. Though serum 
electrolytes levels might be normal, rapid fluctu-
ations in serum electrolytes due to multiple col-
loids and crystalloids are also implicated as 
important risk factor. Screening CT of brain to be 
performed in all children with seizure to rule out 
any bleed or vascular event. Self-limiting brief 
seizures usually does not require treatment. For 
recurrent seizures or a single seizure with poten-
tially epileptogenic abnormalities on brain imag-
ing or EEG, antiepileptic drug (AED) therapy 
should be initiated. Levetiracetam is the drug of 
choice for post-LT seizures due to lack of signifi-
cant hepatic metabolism or drug interactions. 
AEDs can usually be discontinued after 
1–3  months, provided the child is seizure-free 
and EEG is normal. Other neurological distur-
bances such as headache, confusion, hallucina-
tions, tremor, and speech apraxia can be seen due 
to adverse effects of immunosuppressive drugs.

36.10  Acute Kidney Injury (AKI)

AKI during post-LT is multi-factorial. Pre- 
transplant status (severe liver dysfunction, shock, 
hepatorenal syndrome), intra-operative hemody-
namic instability, prolonged use of vasoconstric-
tors, massive blood transfusions, post-op use of 
immunosuppressive agents (tacrolimus, cyclo-
sporine), antibiotics (aminoglycosides, colistin), 
and antifungals (amphotericin B) with nephro-
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toxic side effects could all contribute towards 
AKI.  Hemodynamic-mediated AKI generally 
resolves spontaneously. Several renoprotective 
agents (dopamine, prostaglandins) have been 
studied but none have been proven to be effective 
to prevent post-LT (AKI) [17]. In case of worsen-
ing AKI: reducing/withholding tacrolimus should 
be considered. Alternative agents like sirolimus, 
and/or mycophenolate mofetil can be given for 
immunosuppression [18]. Whenever feasible 
nephrotoxic drugs like aminoglycosides, colistin, 
and amphoterin B must be avoided. When AKI is 
advanced causing fluid and metabolic issues in 
critically sick children, continuous renal replace-
ment therapy (CRRT) is the preferred modality of 
management.

36.11  Immunosuppression

Calcineurin inhibitors (CNIs) particularly tacro-
limus forms the mainstay of immunosuppression 
after LT. It is a potentially nephrotoxic agent and 
has many undesirable side effects. Tacrolimus 
doses are adjusted by drug level monitoring. Of 
particular note is the drug interaction between 
fluconazole and tacrolimus. Azole antifungals 
inhibit the metabolism of tacrolimus mediated by 
CYP3A4. Steroid are used as adjutants during 
immediate post-transplant period and gradually 
weaned in 3–6 months. Different institutes have 
their own policy/protocol on steroid weaning. 
Other drugs which are used include mycopheno-
late mofetil (B & T cell proliferation inhibitor, 
renal sparing, no drug level monitoring needed), 
cyclosporine (T helper cell inhibitor), sirolimus 
(IL-2 transduction inhibitor), and IL2 receptor 
blocking antibodies (Daclizumab, basiliximab). 
Detailed discussion of immunosuppression is 
beyond the scope of this article. Table 36.1 enlists 
the side effect profile of the commonly used 
agents. Research is ongoing to develop new 
immunosuppressive protocols which are renal 
sparing and steroid free.

36.12  Infections

Post-LT patients are at high risk for infection. 
Pre-operative liver dysfunction and malnutrition 
along with the use of post-operative immunosup-
pression and presence of multiple devices (cen-
tral lines, drains, etc.) in situ make them prone for 
acquiring infections. Post-transplant prophylac-
tic antibiotics are given for 5 days and are usually 
stopped. Antifungal prophylaxis (oral flucon-
azole) is given as a institutes protocol for 
2–3  weeks or until patient is discharged from 
hospital. If the recipient is cytomegalovirus 
(CMV) negative and the donor is CMV positive, 
treatment with intravenous ganciclovir is given 
for at least 2 weeks. Clinical signs of sepsis may 

Table 36.1 Common drugs used in liver transplant and 
their side effect profile

Drug Side effects
Glucocorticoids Hypertension

Dyselectrolytemia
Gastroduodenal ulceration
Mood disturbances
Fluid retention
Hyperglycemia
Pancreatitis

Tacrolimus Hypertension
Nephrotoxicity
Hyperglycemia
Seizures and neurological 
symptoms (tremor, headache, 
etc.)

Cyclosporine Hypertension
Neurological symptoms (seizure, 
headache, confusion)
Nephrotoxicity
Dyselectrolytemia
Gingival hyperplasia

Mycophenolate 
mofetil

Anemia, thrombocytopenia, 
leukopenia
Hypertension
Dyselectrolytemia
Myopathy
Tachycardia

Sirolimus Anemia, thrombocytopenia, 
leukopenia
Hyperlipidemia
Poor wound healing
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be subtle due to steroids/immunosuppression. 
Laboratory septic parameters must be closely fol-
lowed for development of leukocytosis/leukope-
nia and positive cultures; and focus of infection 
must be sought. Prompt treatment with appropri-
ate broad spectrum or specific antibiotics/anti-
fungal is an essential component.

36.13  Nutrition

Nutritional support is an important part of post-
 LT care. Pre-operative malnutrition, surgical 
stress, and steroid administration all contribute to 
increased nutritional demand post-op. Pre- 
operative malnutrition is associated with higher 
risk of post-LT infections and longer ICU stay. 
Caloric intake should be aimed at 120–130% of 
calculated basal energy expenditure and protein 
intake of 1.5–2 g/kg must be provided [19]. Early 
enteral nutrition has been shown to be beneficial 
and causes lesser metabolic issues and decreased 
infection rates [20]. Since most of the infants 
with LT would have hepaticojejunostomy imme-
diate enteral nutrition might not be practically 
possible. In such children with malnutrition, total 
or partial parenteral nutrition is recommended 
from post-op day one until 50–70% enteral feeds 
are achieved. Replacing abdominal drain loss 
with intravenous 5% albumin is another strategy 
to prevent protein loss.

36.14  Early Post-operative 
Complications Specific 
to Liver Graft

36.14.1  Primary Graft Failure

This is a dreaded complication of LT where the 
new liver graft fails to function. Though the exact 
reason is unclear, many factors such as advanced 
donor age, prolonged ischemic time (>18  h), 
>30% macrosteatosis, and reperfusion injury 
have been implicated [21]. Liver dysfunction is 
severe (transaminases usually >5000  U/L) and 
hypoglycaemia and coagulopathy occur. 
Management is mainly supportive: high concen-
tration dextrose infusion, regular FFP transfu-

sion, and appropriate neuroprotective measures 
and renal support are given. Prostaglandin E1 and 
N-acetyl cysteine infusion have been used across 
various centers, however, results have not been 
consistent. If there is no graft recovery in 24–36 h, 
emergency re-transplantation is indicated, with-
out which progressive multiorgan dysfunction 
and eventually death results.

36.14.2  Size Discrepancy of Graft

The ideal graft should be 0.8–2% of recipient 
body weight. Size discrepancy is problematic in 
both ways—both large and small sized grafts 
have their own set of issues. When Graft to recip-
ient weight ratio (GRWR) < 0.8% (small for size) 
congestion of the graft may occur due to high 
portal flow resulting in delayed synthetic liver 
function, cholestasis and increased susceptibility 
for infections. However, this is not common in 
the small-sized pediatric patient. Large for size 
transplants (GRWR > 4) even with use of split/
reduced grafts can occur especially in patients 
<10  kg [22]. Abdominal closure in these cases 
may be tight or not completely possible. Higher 
intrabdominal pressures may lead to abdominal 
compartment syndrome and compromised blood 
perfusion to the new liver graft. In some cases 
full abdominal closure is not possible; and tem-
porary abdominal mesh/bogota bag need to be 
placed followed by closure after 2 weeks [22].

36.14.3  Rejection

Acute rejection can occur at any time after LT but 
is common in first 5–10  days post-LT.  Clinical 
manifestations may be absent or subtle in mild to 
moderate rejection, while in severe rejection non- 
specific symptoms such as fever, abdominal pain, 
etc. can be present. Any rise in transaminases 
above base line should raise the possibility of 
rejection. Liver biopsy is essential for confirma-
tion and will show lymphocytic infiltrate in the 
portal space. Duct and endothelial damage can be 
seen and in severe cases hepatocyte destruction 
occurs. Adjustment in baseline immunosuppres-
sive drug doses along with pulse dose steroids 
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usually suffices as treatment [20]. Rejection must 
be recognized and managed early, as it is detri-
mental for graft survival. A close differential is a 
sepsis, differentiating this needs careful interpre-
tation of clinical and laboratory parameters.

36.14.4  Vascular Issues

Hepatic artery thrombosis (HAT): This is a poten-
tially fatal complication with an incidence of 
1.5–25% in children [23]. It is more common in 
children compared to adults and more so in living 
donor transplants as the anastomosis is between 
smaller sized vessels. Sensitivity of doppler 
ultrasound to detect HAT can be 100% and 
should be performed daily for the first week post-
 LT. CT arteriography is confirmatory when ves-
sel cannot be identified on ultrasound. After 
detection, urgent thrombectomy is indicated 
either by surgical or radiological interventional 
technique [24]. Failure to detect or intervene in 
cases of HAT leads to rapid graft necrosis and 
death. Urgent retransplantation is indicated if 
revascularization of hepatic artery is not achieved. 
Prophylactic low molecular weight heparin, anti-
platelet drugs (aspirin), systemic anticoagulation 
(in high risk cases) are used based on institution- 
specific protocols. HAT and biliary complica-
tions are interlinked as the biliary tract is almost 
exclusively supplied by hepatic artery.

Portal vein thrombosis (PVT): Clinical mani-
festations include worsening signs of portal hyper-
tension (GI bleeding due to varices, increasing 
ascites, encephalopathy) and worsening liver func-
tion tests. The diagnosis is by doppler ultrasound. 
Early thrombosis is usually successfully relieved 
by surgical/radiological interventional procedure 
or by emergency shunt surgery to relieve the portal 
hypertension. Late thrombosis are usually persis-
tent and tend to get compensated over time.

36.14.5  Biliary Issues

These are known as the “Achilles heel” of LT and 
are more frequent in living donor transplantation 
[25]. Bile leak can occur due to faulty surgical 
anastomosis, necrosis or biliary tract ischemia. 

Cut surface leak can also occur especially in case 
of split/partial grafts. Bile leaks usually occur 
towards the end of the first week post-LT. They 
can present as fever, bilious abdominal drain, 
increased gamma-glutamyl transferase (GGT), 
and leukocytosis. Biliary leak increases the risk 
of fungal sepsis. While in older children who had 
duct to duct anastomosis; ERCP and stenting can 
help while in small children with hepaticojeju-
nostomy, usually surgical intervention is required 
to detect and repair site of leak. Biliary strictures 
may occur late in the post-LT course which are 
treated by percutaneous/endoscopic dilatation or 
surgical re-exploration.

36.15  Conclusion

Post-LT intensive care management involves 
anticipation of problems and pre-emptive inter-
vention. Essential components of PICU care 
include hemodynamic stabilization, early extuba-
tion, appropriate fluid-electrolyte therapy, strict 
asepsis, early recognition, and appropriate man-
agement of sepsis, AKI, and organ dysfunction. 
Unique aspects of monitoring in post-LT children 
include monitoring graft function and flow in 
hepatic vasculature. Prompt identification and 
treatment of complications is the key to reduce 
mortality and morbidity post-LT.

Key Points
• Post-operative intensive care in pediat-

ric liver transplantation is complex and 
challenging.

• Optimal fluid management and hemo-
dynamics are essential for liver graft 
functioning and successful outcomes.

• Early extubation must be targeted; NIV 
is an emerging useful adjunct to prevent 
pulmonary complications and allow 
early extubation.

• Thorough knowledge of graft and vas-
cular issues are essential for anticipation 
and timely management of complica-
tions which are unique to liver 
transplantation.
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37Fast Tracking in Liver 
Transplantation

Pooja Bhangui and Prachi Gokula

37.1  Introduction

Liver transplantation (LT) since its inception has 
undergone a paradigm shift not only in terms of 
technique and perioperative patient management, 
but also in terms of recipient outcomes following 
transplant. While deceased donor liver transplan-
tation (DDLT) is the predominant form of LT 
performed in the West, lack of adequate number 
of deceased donations, fueled the need for living 
donor liver transplantation (LDLT) in the East 
[1]. Today, Asia leads the world in terms of num-
bers of LDLTs, technical innovations, and suc-
cess with LDLT, with some centers performing 
more than 200 LTs annually [2].

With the increasing feasibility and acceptable 
outcomes with LT in patients with end-stage liver 
disease (ESLD), the focus has now shifted from 
just “good” postoperative recovery to “rapid” 
recovery, and early discharge from hospital. The 
concept of “fast tracking” liver transplant recipi-
ents has thus emerged.

Traditionally, all liver transplant recipients 
have been subjected to a certain mandatory 
period of mechanical ventilation in ICU, with 
gradual weaning off. This practice of mandatory 

mechanical ventilation in patients after a major 
surgery was first challenged in cardiac anesthesia 
by Prakash et al. [3], and then expanded to other 
surgical disciplines, and major surgical proce-
dures including LT.

The multisystem effect of ESLD, associated 
comorbidities typically seen in these patients like 
diabetes mellitus, obesity, cirrhotic cardiomyop-
athy, and sometimes a poor performance status 
makes immediate extubation difficult after 
LT. However, with evolution of the surgical and 
anesthetic practices successful early extubation 
and fast tracking in liver transplantation has 
indeed become a reality, and its implementation 
can be further expanded, especially in experi-
enced and high volume centers.

37.2  Definition and Evolution 
of Fast Tracking in LT

“Fast tracking (FT)” aims at rapid progress from 
preoperative preparation to surgery and early dis-
charge. There are varying definitions of FT in 
LT.  While some authors have restricted it to on- 
table (in the operating room) extubation [4], others 
have broadened the use of the term to include tra-
cheal extubation within 3 h of surgery [5]. Recently, 
complete avoidance of ICU has also been incorpo-
rated in the concept of fast tracking [6].

Prakash et al. [3] first demonstrated that early 
extubation either immediately or within 3 h of a 
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major surgical procedure was possible. His team 
successfully extubated 123 out of 142 adult 
patients within 3 h of open heart surgery.

The concept of early extubation with its atten-
dant benefits was then further extrapolated to 
other major surgeries including liver transplant 
recipients [4]. Rossaint et  al. [7] reported that 
they were successful in extubating 5 out of 36 
recipients immediately after LT, and the rest was 
extubated within an average of 6 h after LT. There 
were no pre-defined selection criteria in their 
study for immediate extubation. Based on their 
findings, they proposed that use of minimal fluids 
during the surgery was one of the keys to early 
extubation. Fluid management in their patients 
was based upon fall in cardiac index and ventric-
ular filling pressures.

Mandell et al. [4] further evaluated the feasi-
bility and cost effectiveness of fast tracking in 
liver transplant recipients in two institutions, 
University of Colorado (UC) and University of 
California at San Francisco (UCSF). At UC, pre- 
and intraoperative criteria, derived from retro-
spective analysis of patients who were 
successfully extubated within 8 h of surgery, 
were established. UNOS status 3/4, absence of 
comorbidities, age <50 years, and no hepatic 
encephalopathy were preoperative criteria; 
whereas, good donor liver function, <10 units of 
packed RBC transfusion during surgery, no vaso-
active support at the end of surgery and alveolar- 
arterial oxygen gradient <150 mmHg were the 
intra operative criteria, which could predict 
planned extubation in the OR and FT. At UCSF, 
patients were given trial of extubation without 
any pre-structured criteria, based on clinical 
judgment of the attending anesthesiologist. 
Sixteen of 67 patients at UC, and 25 of 106 
patients at UCSF, were immediately extubated. 
Retrospective comparison of the results between 
two universities also proved the cost effective-
ness and feasibility of successful immediate 
extubation.

These initial studies were then followed by 
attempts at early extubation in other LT centers 
around the world. Two of the largest published 
series included those reported by Baincofiore 
et al. (211/365 recipients extubated on table) and 

Skurzak et  al. (575/652 recipients extubated on 
table) [8, 9]. In their experience over 5 years, 
Biancofiore et al. [8] noted a progressive increase 
in the fraction of patients who were immediately 
extubated in OR as the study period progressed, 
and towards the end of the study period, 82.5% of 
recipients were extubated on table. Only 2 of the 
211 immediately extubated patients needed re- 
intubation. Their study showed that the MELD 
score of 11 had the best predictive value for rapid 
extubation. Skurzak et al. [9] generated a prog-
nostic score for safe operating room extubation 
after liver transplantation (SORELT) score 
(Table 37.1) based upon the data from 597/652 
patients extubated on table.

Table 37.1 Proposed clinical criteria for operating room 
extubation after liver transplantation

Mandell et al. [8]
Preoperative criteria UNOS status 3 or 4

Age <50 years
No comorbidities
No encephalopathy

Intraoperative criteria Good donor liver 
function
Administered RBCs 
<10
No vasoactive 
support at the end of 
surgery
Alveolar- arterial O2 
gradient <150 mmHg

Mandell et al. [6]
Encephalopathy and BMI index >34 predicted 
extubation failure
Biancofiore et al. [9]
MELD score of less 11 correlated positively with 
successful extubation in OR
Cammu et al. [10]
Preoperative criteria No acute liver failure 

or encephalopathy
Intraoperative factors Good donor liver 

function
Less than 10 U of 
packed red blood 
cells
Hemodynamic 
stability
Alveolar-arterial 
oxygen gradient of 
less than 200 mmHg
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With the success of early extubation in the 
OR, the concept of fast tracking was given a fur-
ther impetus by Mandell et  al. [11] publishing 

their successful attempt to directly shift the extu-
bated patients to surgical ward, thereby com-
pletely bypassing the ICU.  Out of 147 patients 
enrolled in the study, 111 were extubated imme-
diately post-surgery. 83 patients /111(74.7%) and 
28/111 (25.3%) were successfully transferred to 
surgical ward and IMCU respectively, without 
intervening ICU care.

37.3  To Fast Track or Not? That’s 
the Question

37.3.1  Be Careful Before You Fast 
Track

Historically, LT recipients have been electively 
ventilated for 48 h with the rationale that positive 
pressure ventilation with sedation may decrease 
surgical stress, improve hemodynamic stability, 
and facilitate early recovery [14]. Although there 
is evidence in favor of early extubation protocols, 
still a section of clinicians prefer the traditional 
approach of a certain mandatory period of post-
operative mechanical ventilation followed by 
gradual weaning off.

Liver transplant being a complex procedure is 
associated with extreme hemodynamic  alterations 
often putting the recipients and their cardiopul-
monary system under varying degrees of stress, 
and the practice of early extubation may not pro-
vide the required time for the patient to 
recuperate.

A period of mechanical ventilation and grad-
ual weaning off allows optimization of the car-
diopulmonary system and promotes recovery 
from the stress of surgery. The possible need for 
re-explorations also adds to the reluctance in 
early extubation.

37.3.2  Benefits of the Fast Track 
Approach

Proponents of early extubation often argue in 
favor of avoiding the complications associated 
with mechanical ventilation. Kaiser et  al. [15] 
reported the negative impact of PEEP on liver 

Table 37.1 (continued)

Skurzak et al. [11]
   •  SORELT score—safe operating room extubation 

after liver transplantation
Major criteria
   •  7 units packed red blood cells transfused 

intraoperatively
   •  Lactate ≥3.4 mmol/L at end of surgery
Minor criteria
   •  Patient not at home
   •  Duration of surgery ≥5 h
   •  Vasopressors at end of surgery—dopamine >5 μg/

kg/min or norepinephrine >0.05 μg/kg/min)
SORELT score-derived criteria (fewer than two major/
one major plus two minor/ three minor criteria) were 
considered for OR extubation
Bhangui et al. [12]
Pre-operative criteria
   •  Age <50 years
   •  Patient BMI <22–26 kg/m2

   •  METS >4
   •  Admission from home
   •  Well-controlled co-morbid condition (diabetes 

mellitus, hypertension, thyroid disease)
   •  MELD score <20, CTP class A, B (only selected 

CTP Class C patients)
Intraoperative criteria
   •  Use of <5 units of packed red blood cells during 

surgery
   •  Low inotropic requirement at the end of surgery 

(single inotrope, noradrenaline dose <0.05 mcg/
kg/min)

   •  Decreasing trend of lactates on arterial blood gas 
post reperfusion

   •  Short duration of surgery (<12 h)
   •  Actual GRWR ratio >0.7
   •  Low-risk vascular anastomoses (especially 

hepatic artery anastomosis, no multiple arterial 
anastomoses, no size mismatch)

Patients with hepatic encephalopathy/renal 
replacement therapy (SLED, CRRT)/fulminant hepatic 
failure/morbid obesity/co-existing HPS or POPH were 
excluded
Chae et al. [13]
   •  Preoperative psoas muscle index positively 

correlates with successful immediate extubation
   •  Intraoperative factors—CRRT, development of 

significant PRS and FFP transfusion requirements 
negatively influence the proposition of early 
extubation
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graft hemodynamics. This was, however, chal-
lenged by Saner et al. [16] who proposed that a 
PEEP of up to 10 mbar did not influence hepatic 
arterial and venous flow. Although controversial, 
positive pressure ventilation can alter the liver 
hemodynamics adversely, thereby early extuba-
tion helps in preventing graft dysfunction from 
impaired hepatic hemodynamics. Apart from 
decreasing the complications of positive pressure 
ventilation, early extubation is definitely associ-
ated with increased patient comfort and 
compliance.

Immunosuppressed post-LT recipients may 
also be particularly vulnerable to ventilator- 
associated pneumonia with prolonged ventila-
tion. Prolonged mechanical ventilation may also 
increase right ventricular afterload and even 
induce venous congestion of the liver graft, espe-
cially in those with pre-existing tricuspid regurgi-
tation and raised pulmonary artery pressures 
(which is not uncommon in end-stage liver dis-
ease patients). Furthermore, hepatic venous 
drainage is better in spontaneously breathing 
patients as it reduces intrapleural pressure, 
thereby increasing cardiac end-diastolic volume, 
which in turn increases cardiac output and hepatic 
blood flow. Improved donor graft circulation 
could aid in early liver graft recovery and 
regeneration.

In terms of cost effective practices, early extu-
bation definitely scores higher as it decreases the 
cost incurred during the ICU stay, and also a 
reduced cost due to the shorter length of hospital 
stay. This improved utilization of resources is 
especially pertinent in developing nations with 
limited resources at their disposal. In a system-
atic review by Rando et al. [17] in 2011, practice 
of early extubation was shown to be associated 
with decreased ICU stay and overall shorter hos-
pital stay, thereby decreasing the overall eco-
nomic burden. It was therefore recommended 
that early extubation could be carefully applied in 
new programs, as it helps in reducing cost of ICU 
stay without subjecting the patients to increased 
risks. Similarly, Loh et al. [18] found a decrease 
in 2.5–3 days in the length of hospital stay fol-
lowing a fast tracking protocol post-LT, with sig-
nificant savings in health care cost.

37.4  Anesthesia For Fast Tracking

Advances in balanced anesthesia techniques and 
monitoring systems allowing rapid arousal from 
anesthesia, like use of remifentanil (due to its 
rapid elimination), may aid in FT [19].

Some of the principles to guide anesthesia for 
FT include the following:

 (a) Balanced anesthesia using barbiturates/pro-
pofol combined with opioids at induction, 
followed by maintenance with inhalational 
agents along with narcotic infusion. 
Anesthesia is typically maintained with con-
tinuous infusion of rocuronium/cis- 
atracurium and fentanyl infusion with 
Isoflurane in air/O2 gas mixture.

 (b) Monitoring includes electrocardiography, 
pulse oximetry, invasive arterial pressure, 
central venous and advanced venous access, 
and continuous cardiac output monitoring.

 (c) Dose regulation of inhalational agents: 
requirements of various drugs, including 
inhalational agents decrease significantly 
during anhepatic phase. Similarly, higher 
MELD score is also associated with 
decreased requirement of inhalational agents.

 (d) Careful titration of anesthetic agents to pre-
vent over dosage and delayed emergence. 
Bispectral index monitoring thereby plays a 
significant role in patients planned for early 
extubation.

 (e) Neuromuscular blockade using different 
NMDAs ranging from vecuronium and 
rocuronium to atracurium and cis- atracurium. 
Since, different NMDAs undergo variable 
hepatic metabolism, neuromuscular monitor-
ing becomes an essential tool to monitor the 
degree of muscle strength prior to trial of 
extubation.

 (f) Adequate titration of the total dosage of opi-
oids used in the perioperative period to 
ensure adequate analgesia and anesthetic 
depth, without causing excessive sedation 
and respiratory depression. Liver transplant 
recipients have reported to have reduced opi-
oid requirement in the perioperative period 
when compared with patients undergoing 
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other major abdominal surgeries. Another 
option is to use fentanyl-free periods inter-
mittently during the surgery, instead of con-
tinuous fentanyl since it has a long 
context-sensitive time.

 (g) In possible candidates of immediate extuba-
tion, muscle relaxant and opioid infusion can 
be discontinued upon ensuring good flow on 
Doppler ultrasound on completion of all vas-
cular anastomoses and adequate graft func-
tion. Prior to extubation, adequate hemostasis 
by the surgeon should be confirmed and 
required correction of abnormal TEG values, 
if any, should be ensured. Patients, thereafter, 
meeting the extubation criteria can be safely 
given a trial of immediate extubation.

37.5  Fast Tracking in the LDLT 
Setting

Most of the studies that have reported on feasibil-
ity and safety of fast tracking have been in the 
DDLT setting. There is a difference though 
between the DDLT and LDLT recipients. In 
adult-to-adult LDLT, the partial graft (right or left 
lobe) usually takes time to regenerate and attain 
optimal function. Higher incidence of vascular 
complications leading to re-exploration is a pos-
sibility owing to small size and stumps of vessels 
in the harvested graft. In addition, surgical dura-
tion, and consequently total anesthesia time for 
the recipient, is also more in LDLT compared to 
DDLT. Hence, experience with only a few cases 
of FT LDLT recipients has been published so far 
[10, 20, 21]. Bhangui et al. [21] reported success-
ful extubation in OR in 15 LDLT recipients, 
which comprised only 2% of LDLTs performed 
during the study period, this confirms the diffi-
culty in fast tracking LDLT recipients even in 
high volume, and experienced LDLT center. Fast- 
tracked patients were young, had a low BMI, 
most were CTP class A or B, had a low MELD 
score, METs’ score of 4–6, and no significant 
comorbidities. Also, most fast-tracked patients 
had no need for major BT. None of the patients in 
this subgroup required immediate re-intubation, 
all recovered well with short ICU and hospital 

stay and there were no major complications. 
Chae et  al. [13] based upon a relatively large 
number of subset of LDLT recipients proposed 
preoperative psoas muscle index to positively 
correlate with successful immediate extubation.

LDLT is an opportunity for an “elective” pro-
cedure, hence adequate patient and donor prepa-
ration, as well as planning for immediate 
postoperative care is possible in the LDLT set-
ting. Thus, experienced anesthesia teams in high 
volume LDLT centers should try and fast track 
more recipients in the near future.

37.6  Criteria For Fast Tracking

The search for ideal criteria for planned on table 
extubation, and fast tracking in the recipients is still 
on. Predetermined criteria could help streamline 
the perioperative course of the patients and increase 
the number of patients who can be given the trial of 
early extubation. Each institution has indeed 
defined criteria for patient selection based upon 
their unique patient profile, often influenced by 
their national selection policy for organ allocation.

However, in general, extubation criteria 
employed in various studies till date have broadly 
remained similar. Parameters used to assess the 
adequacy of neuromuscular reversal are - patient 
breathing spontaneously, awake, able to follow 
simple commands, respiratory rate ≤35 breaths/
min, tidal volume ≥5 mL/kg and heart rate ≤20% 
above baseline.

Table 37.1 summarizes the various clinical 
criteria for operating room extubation after liver 
transplantation, as proposed by several authors.

37.7  Future Prospects

An optimal utilization of resources by reducing 
ICU and overall hospital stay, without any appar-
ent increase in adverse effects as a direct 
 consequence, should encourage more anesthe-
tists to attempt fast tracking in a well selected 
group of recipients.

One of the arguments often stated for reluc-
tance in adopting the concept fast tracking is the 
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lack of evidence based on comparable patient 
data with different national policies in selection 
criteria of patients. As a consequence, results of 
these studies cannot be extrapolated to local insti-
tutions dealing with sicker or a different profile 
of patients.

Fast tracking can be viewed as a component of 
an enhanced recovery program after surgery 
(ERAS) but it lacks the definite end goals as 
described in different stages of ERAS program 
[12]. Thereby, the lack of required multimodal 
and multidisciplinary approach towards a com-
mon goal has been a hurdle in the wider accep-
tance of FT in LT.  Incorporation of 
multidisciplinary team approach in the care of 
liver transplant recipients can be a step in the 
required direction. Different multispecialty teams 
should be involved in preoperative optimization 
of the patients with effective plan of care tailored 
to meet and address the uniqueness of each 
patient and their disease process. With the com-
mitment on part of surgeons, anesthesiologists, 
and other disciplines, in conjunction with 
dynamic interactions between them at various 
stages of perioperative care can help us achieve 
the desired results.
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Key Points
• Fast tracking in liver transplantation is 

feasible and is cost effective.
• Early extubation is one of the ingredi-

ents of fast tracking.
• Possible fast tracking patients should be 

identified before transplantation.
• There is a difference between DDLT 

and LDLT recipient for fast tracking as 
surgical duration much longer in LDLT.

• There should be pre-defined criteria for 
extubating patient in operating theater.
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38Early Post-operative Care of Liver 
Transplant Recipient

Sachin Gupta and Deeksha Singh Tomar

38.1  Introduction

Liver transplant (LT) has become a very viable 
and successful option for patients with both acute 
and chronic liver disease with advances in the 
management technique. It is a multidisciplinary 
collaboration which leads to higher graft survival 
rates. As the experience and acceptability of LT is 
increasing, sicker population are being consid-
ered for this definitive treatment. High quality 
and dedicated critical care management is 
required for increasing the graft survival and also 
to prevent any complications arising due to other 
distant organ dysfunctions in these sicker popula-
tion in the immediate post-operative period.

The early post-operative period is a very criti-
cal phase and it involves very stringent monitor-
ing of various organ functions such as 
cardiorespiratory function, the graft performance, 
renal functions, and any other unexpected com-
plications arising due to non-hepatic issues. The 
intensive care unit (ICU) management revolves 
around optimal hemodynamic stabilization, judi-
cious fluid management to avoid fluid overload, 
assessing and preserving kidney function, pre-

vention of graft rejection, and very strict infec-
tion control practices.

38.2  General Considerations

The immediate post-operative period is an exten-
sion of the intra-operative period and the entire 
focus should be on optimal ventilation to avoid 
hypoxemia and hypercarbia, optimization of fluid 
administration to avoid both hypo-and hypervol-
emia, and assessment of graft function. The ICU 
team should be made aware of the pre-LT status 
of the patient like the model-for end stage-liver- 
disease (MELD) score; intra-operative clinical 
course like the need for transfusion, total fluid 
administered, vasopressors needed, acid-base 
status; and the graft quality like graft-to-recipient 
weight ratio (GRWR), graft steatosis if any [1]. 
The ICU should also be aware of any incidence 
of reperfusion syndrome in the intra-operative 
period.

The LT recipient after shifting to ICU should 
undergo certain physiological and laboratory 
parameter monitoring as given in Table 38.1.

S. Gupta (*) · D. S. Tomar 
Narayana Superspeciality Hospital, Gurgaon, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 
V. Vohra et al. (eds.), Peri-operative Anesthetic Management in Liver Transplantation, 
https://doi.org/10.1007/978-981-19-6045-1_38

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-6045-1_38&domain=pdf
https://doi.org/10.1007/978-981-19-6045-1_38


502

Table 38.1 Monitoring in the immediate post-operative 
period (within first 24 h)

Physiological monitoring Laboratory parameters
Mandatory
Electrocardiogram 
(ECG)
Central venous pressure 
(CVP)
Invasive arterial 
pressure
Rectal temperature
Ventilatory parameters
Conscious level off 
sedation
Total intake output 
including drain output
Optional or if present
Cardiac output
Extravascular lung 
water
Pulmonary artery wedge 
pressure
Jugular venous oxygen 
saturation (SjVO2)

Arterial blood gas with 
lactate levels (frequency 
depends on criticality)
Complete hemogram
Renal function test
Liver function test
Blood sugar
Electrolytes
Coagulation parameters
Chest X-ray
Drain bilirubin
Drain hemoglobin

38.3  Cardiovascular 
and Hemodynamics

All efforts should be done to prevent hypotension 
in the immediate postoperative period as it is the 
most common complication. If hypotension per-
sists, then it leads to graft ischaemia and compro-
mises graft recovery [2, 3]. The hemodynamic 
behavior of immediate post-LT patient is a 
 continuum of the pre-operative status i.e. high 
cardiac output with low systemic vascular resis-
tance (SVR). Due to this vasodilated state, there 
is always a propensity for central hypovolemia 
leading to hypotension [4]. Hypotension can also 
be due to ongoing bleeding due to coagulopathy, 
major fluid losses due to high drain output or 
even sustained reperfusion syndrome.

One should always keep a high index of suspi-
cion for cardiovascular complications as LT 
patients are at high risk to develop these compli-
cations. The incidence of pulmonary edema, 
arrhythmias, dilated cardiomyopathy (also 
known as Takotsubo Cardiomyopathy or stress 

cardiomyopathy or apical ballooning syndrome 
or broken heart syndrome), myocardial isch-
aemia or shock is up to 70% in patients post-LT 
[5, 6].

Pulmonary edema is probably the most com-
mon complication after LT with an incidence as 
high as 47% [5, 7]. The possible reasons are fluid 
shifts that happen in the immediate post- operative 
period due to increase in SVR and high cardiac 
afterload. The fluid therapy should be very judi-
cious and if possible one should take use of inva-
sive hemodynamic monitoring tools like 
VolumeView if present. The conventional static 
indices like central venous pressure (CVP) moni-
toring is erratic and should not be relied upon to 
judge the preload status of the patient. The fluids 
administered for optimization of hemodynamics 
should be a combination of both crystalloid and 
colloids like albumin. As these patients have a 
tendency for fluid sequestration, albumin should 
form a major component of fluid therapy in the 
immediate post-operative period. Non-invasive 
techniques like bedside use of ultrasound 
(Fig.  38.1) to perform inferior vena cava mea-
surement, lung ultrasound to look for B-Lines 
indicative of wet lungs and calculate velocity 
time integral by 2D echocardiogram should be 
done to optimize fluid management.

Patients can have subtle signs like tachycardia 
and hypotension which are early features of car-
diomyopathy or even myocardial ischaemia. 
Electrocardiogram, 2D ECHO and if needed cor-
onary angiogram should be performed for defini-
tive diagnosis and management.

The drain losses should be replenished around 
two-thirds volume with 5% albumin so as to 
maintain adequate intravascular volume [8]. 
Vasopressor like norepinephrine should be used 
whenever hypotension persists after adequate 
volume resuscitation. The presence of systemic 
hypertension is as high as 50% [9] in the post- 
operative period and should be managed initially 
with intravenous labetalol and then later on con-
verted to oral drugs like calcium channel block-
ers or beta blockers.
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Fig. 38.1 Lung 
ultrasound

Table 38.2 Factors affecting early extubation

Pre-operative Intra-operative Post-operative
Obesity [11] 
with BMI > 34 
kg/m2

Acute liver 
failure [12]
On mechanical 
ventilation [13]
Neurological 
impairment 
[14]
MELD [12–14] 
> 11

Emergency 
transplant [15]
Massive blood 
transfusion [12, 
16]
Prolonged 
surgery [17]
Hemodynamic 
instability
Re-transplant

Graft 
dysfunction [12, 
14, 16]
Hemodynamic 
instability

38.4  Respiratory System

Majority of the patients are shifted to ICU on 
mechanical ventilation and they should be 
planned for fast tracking weaning process and 
extubation. This has become possible due to bet-
ter surgical skills and better anesthetic techniques 
along-with use of modern anesthetic agents 
which are cleared from the body very rapidly. 
Early extubation is the preferred ventilator strat-
egy for LT recipients as it is associated with low 
incidence of ventilator associated pneumonia 
(VAP) and better mobilization [10]. The 
 extubation time depends upon many factors as 
given in Table 38.2.

Patients with lung pathology are the ones who 
require prolonged mechanical ventilation. 
Glanemann et al. [18] showed that recipients who 
require more than 24 h of mechanical ventilation 
in the post-operative period have a high incidence 
of VAP.  Acute respiratory distress syndrome 
(ARDS) is one of the most common complica-
tions after transplant. Intra-operative reperfusion 
syndrome, massive blood transfusion, prolonged 
surgery are some of the risk factors which may 
lead to ARDS. Low tidal volume ventilator strat-
egy should be followed so as to prevent ventilator 
inflicted lung injury (VILI). The target should be 
to keep the plateau pressure below 30 cm H2O. 
Other ventilator modes apart from assist control 

have not been studied in LT patients and so their 
use is limited. Recruitment maneuvers are gener-
ally avoided in LT patients as they cause affect 
graft function due to congestion and can also 
increase intracranial pressure especially in 
patients operated for acute liver failure. Similarly, 
prone ventilation is generally avoided due to 
recent abdominal surgery. The target of ventila-
tion should be to avoid hypoxemia and hypercap-
nia. The use of non-invasive ventilation (NIV) 
post-extubation can be attempted in patients who 
experience respiratory failure [19] as it has been 
shown in few studies to be associated with 
decrease incidence of VAP and sepsis.

Patients who are difficult to wean should be 
given spontaneous breathing trials on a daily 
basis and if they fail this for at least 7 days, then 
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they should undergo tracheostomy, preferably 
percutaneous to liberate from mechanical 
ventilation.

38.5  Renal and Electrolyte 
Balance

Renal insufficiency in the post-transplant period 
has an incidence varying from 5 to 50% [20] 
depending upon the definition used to define 
acute kidney injury (AKI). There are number of 
causative factors for renal dysfunction like use of 
massive blood transfusion, pre-existing hepatore-
nal syndrome, prolonged duration of cross 
clamping of vena cava intra-operatively, high 
vasopressor requirement, and use of nephrotoxic 
medications [21].

The immediate post-operative period should 
focus on optimization of intravascular volume 
and avoidance of use of any nephrotoxic medica-
tions. Hypotension should be avoided and if need 
arises, then vasopressors should be instituted. 
Antibiotics should be administered based on cre-
atinine clearance. The use of diuretics should be 
restricted as it has been shown to be associated 
with increased incidence of AKI. Help of Risk, 
Injury, Failure, Loss of function and End stage 
(RIFLE) score can be taken to stage the patient 
for AKI. Monitoring AKI in LT patients is diffi-
cult as serum creatinine rises very late due to 
poor muscle mass ratio in liver disease patients 
[22]. Oliguria is generally the first clinical sign.

If acute kidney injury develops in the immedi-
ate post-transplant period, then renal replacement 
therapy (RRT) in the form of hemodialysis should 
be initiated. Dialysis is associated with poor out-
come in transplant patients. Continuous assess-
ment of intravascular volume by dynamic indices 
of hemodynamic monitoring should be instituted 
so as to avoid intravascular hypo-or hypervolemia 
and renal vasoconstriction by overuse of vaso-
constrictive agents. Immunosuppressive agents 
should be changed from calcineurin inhibitors 
to less nephrotoxic agents like cyclosporine or 
sirolimus. Continuous renal replacement therapy 
(CRRT) should be used when patient is hemody-

namically unstable and there is fluid retention 
and severe acid base disturbance. Preferably, 
regional citrate anticoagulation (RCA) technique 
should be used for CRRT so as to avoid use of 
heparin and the risk for bleeding.

Electrolyte imbalance like hypernatremia, 
hyperkalemia, hypomagnesemia, and hypophos-
phatemia are very common in the immediate 
postoperative period. Sodium imbalance occurs 
due to overzealous use of saline based fluid resus-
citation and albumin. One should be very watch-
ful for this as it affects the sensorium of the 
patient and also results in fluid retention. 
Hyperkalemia can be due to new onset AKI or 
also due to use of calcineurin inhibitor immuno-
suppressive agent. As these patients are very 
prone for arrhythmias, hyperkalemia should be 
managed very aggressively by glucose insulin 
drip, salbutamol nebulization, calcium chloride. 
Hypomagnesemia is associated with delayed 
graft function and so supplementation of magne-
sium sulfate to keep the levels in normal range 
should start in the immediate postoperative 
period. Hypophosphatemia is associated with 
poor reflexes and it may affect the weaning of 
patients from mechanical ventilation.

38.6  Graft Function Assessment

Graft function should be constantly assessed as it 
not only reflects as coagulopathy but it also 
affects other organ functions as well. All patients 
in the immediate post-transplant period are coag-
ulopathic as it takes time for the newly implanted 
liver to pick its synthetic function [7]. The 
improvement in graft function is seen by normal-
ization of International normalized ratio (INR). 
Failure to see such a correction should prompt to 
do a workup for graft dysfunction and sepsis as 
these two are the two most important causes of 
persisting coagulopathy.

Routine transfusion of blood products to nor-
malize the numbers should not be practiced as it 
increases the load on the heart and also can be det-
rimental to the graft by increasing the risk of 
thrombosis in the newly anastomosed vessels [23]. 
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Fig. 38.2 Vascular flows—Doppler

Transfusion should be reserved only for patients 
who are bleeding. If possible, one should take help 
of thromboelastrogram (TEG) to decide on the 
type of blood product required to be transfused.

Improving bilirubin, correction of acidosis, 
normalization of glucose, improvement in the 
conscious level of the patient, adequate urine 
output, recovery from hypothermia are indicators 
of normal graft function. In the initial phase, liver 
enzymes may be elevated but they start declining 
over the next few days. Use of N-Acetylcysteine 
(NAC) in the first 48 h after transplant has been 
shown to fasten the process of graft recovery as it 
avoids further reperfusion injury. Constant moni-
toring of blood lactate levels in the first few days 
also helps in diagnosing graft dysfunction as 
 rising lactates is a strong indicator of either pri-
mary non-function or sepsis.

Daily liver Doppler (Fig. 38.2) should be done 
in the first few days to look for vascular perfor-
mance of the newly implanted liver. It also helps 
in diagnosing intra-abdominal collections and 
pleural effusions. Inability to visualize portal 
vein or hepatic artery flow should prompt to do a 
angiography to look for any vascular complica-
tion like hepatic artery thrombosis (HAT) as it is 
a life threatening complication. If the liver func-

tion is worsening with normal vascular flows, 
then liver biopsy can be performed by experi-
enced intervention radiologist to look for 
rejection.

38.7  Neurological Management

The patients operated for acute liver failure 
(ALF) are at higher risk of developing neurologi-
cal complications in the immediate post- operative 
period. Seizures, altered sensorium due to con-
tinuation of encephalopathy from pre-LT period 
and intracranial bleeding are the most common 
neurological complications [24]. Poor sensorium 
can be due to graft dysfunction, intracranial 
bleeding or even new onset intracranial infec-
tions. Seizures can arise as a complication of 
immunosuppressive drug like the calcineurin 
inhibitors [25]. One should look for sudden onset 
quadriparesis as cerebral pontine myelinolysis is 
a known complication more so after ALF 
transplant.

These patients should undergo rapid awaken-
ing after transplant so that any change in senso-
rium is picked up early. ALF patients take a 
longer duration to wake up due to resolution in 
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cerebral edema post-LT and also due to higher 
grade of encephalopathy pre LT.  Any sudden 
change in sensorium should be immediately 
investigated by performing a non-contrast CT 
brain.

38.8  Pain Management

Although liver transplant is one of the most 
extensive abdominal surgeries but still the post- 
operative pain is not severe in nature [26]. As 
most of the analgesics are metabolized and 
cleared by the hepatobiliary system, drug accu-
mulation is possible in the poorly functioning 
graft. The reduced need for analgesics in LT 
patients can be due to increased levels of endog-
enous neuropeptides which are involved in pain 
modulation [27]. As the risk of drug  accumulation 
is there, a constant watch on sensorium and respi-
ratory efforts should be made.

Opioids like Fentanyl is generally the most 
preferred analgesic as it has minimal effect on 
liver and hemodynamics [28]. Certain other drugs 
like Tramadol can be tried with a watch for vom-
iting. Drugs like paracetamol should be avoided 
as it can cause liver injury.

38.9  Infection Prophylaxis

Liver transplant patients are at a very high risk of 
infections and it is one of the most common 
causes of mortality in the post-operative period 
[29]. There are many risk factors but the major 
ones are prolonged hospital stay pre-transplant 
and immunosuppression post-transplant. The 
early infections are related to hospitalization and 
include pneumonia, urinary tract infection, blood 
stream infections, and surgical site infections 
[30]. The most common organisms suspected 
should be Coagulase-negative and Coagulase- 
positive Staphylococci, Enterococcus species, 
Klebsiella species, Pseudomonas aeruginosa, 
Escherichia coli, and Candida albicans [31].

The antibiotics and antifungal prophylaxis 
should be based on the local microbiota. 

Generally, these patients receive a third genera-
tion cephalosporin along with a glycopeptide for 
prophylaxis against methicillin resistant staphy-
lococcus aureus (MRSA) and an azole based 
antifungal. Selective gut decontamination has not 
shown any clear benefit and rather can lead to 
increase in hospitalization days as per the 
Cochrane Database analysis [32]. 
Cytomegalovirus (CMV) prophylaxis should be 
given only to high risk patients who have received 
massive blood transfusion intra-operatively, 
requiring bolus doses of immunosuppression for 
early graft dysfunction or re-transplant patients. 
Routine surveillance cultures like blood, urine, 
and drain sites should be sent to diagnose infec-
tions early. Measurement of procalcitonin may 
add some clinical benefit in management of the 
patients although the cut-offs may not be the 
same as for non-transplant population as the lev-
els of procalcitonin rise transiently after trans-
plant and then settles over next few days even in 
the absence of infections [33]. However, the trend 
of procalcitonin should guide the clinician about 
a new onset infection.

Transplant patients may not mount the same 
response to sepsis as seen in other patients and so 
a high index of suspicion is required. Tachycardia, 
decrease in urine output, increase in liver 
enzymes, change in sensorium, rise in lactates 
and even low grade fever are subtle signs of 
infections. The threshold to upgrade antibiotics 
to Cabapenems or Colistin and Echinocandin or 
Liposomal Amphotericin B should be very low as 
the mortality is high once infection sets in. The 
need for vascular catheters like central venous 
line and arterial line should be judged on a daily 
basis and if possible should be removed as soon 
as possible. Same principle should be followed 
with urinary catheter. Presence of intra- abdominal 
collection which is not being drained by the 
existing drains should warrant an insertion of 
percutaneous pigtail insertion either under ultra-
sound or CT guidance. The use of adjuvant thera-
pies like endotoxin or cytokine haemadsorption 
system has not shown any clear benefit and 
should not be a part of the standard care 
regimen.
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38.10  Nutrition Management

Cirrhotic patients have abnormalities in metabo-
lism of various nutritional elements and are gen-
erally malnourished in the pre-transplant phase. 
Malnutrition is associated with an increase in 
post-operative infectious complications, weaning 
difficulty from ventilator and prolongation of 
hospital stay [34].

In the immediate post-LT period, patients are 
kept nil per oral for first 24 h and then are initi-
ated on clear liquids orally if the gastric aspirate 
was minimal. This is to stimulate the bowel for 
peristalsis and once they start tolerating the liq-
uids, the oral diet is escalated. The energy 
requirement is generally 120–130% of the basal 
requirement [35] and should comprise of high 
quality protein, carbohydrate, and fat compo-
nents. There should be no reduction of protein 
component even if there is encephalopathy in the 
post-operative period and the patients should 
receive almost 1.5–2 g protein/kg of weight [35]. 
If the patient is not able to consume oral feed due 
to decrease in sensorium, then enteral feeding 
should be initiated through nasogastric tube. 
Parenteral nutrition should only be used if all 
attempts to use gastrointestinal tract have failed. 
Both tube and oral feeding can be given simulta-
neously till the time patients starts consuming 
almost 80% of the daily requirement through oral 
feeding.

38.11  Physiotherapy

As these patients undergo prolonged surgery and 
are lying down for the first few post-operative 
days, physiotherapy plays a very vital role. Chest 
physiotherapy involves both passive and active 
exercises like vibration therapy to mobilize secre-
tions from the peripheral to central bronchioles 
from where the patient can cough and remove 
them, incentive spirometry where the patient 
blows in to improve the functional residual 
capacity and prevent atelectasis (Fig.  38.3). On 
the third post-operative day, if other organ func-
tions are improving, then the patient should be 
made to mobilize out of bed. This also helps in 

bowel functioning and improving peristalsis. All 
attempts should be made to keep the patient busy 
with some or the other form of physiotherapy for 
most part of the day.

38.12  Psychosocial Management

The patients undergoing transplant may be in 
some grade of encephalopathy and so they may 
not be aware of the time and place. In the post- 
operative period, once their encephalopathy set-
tles, they may become delirious due to new 
surroundings, surgical stress, pain, and frequent 
monitoring [36]. It is characterized by confusion, 
agitation, change in sensorium, disorientation. 
Once diagnosed, it should be managed with low 
dose of antipsychotics and non-pharmacological 
measures like family meeting and behavioral 
interventions. Apart from delirium, depression is 
the another psychiatric disorder observed. The 
incidence varies from 5 to 46% [37]. Counseling 
and making them aware of the present times gen-
erally helps these patients.

38.13  Conclusion

With the advancement in surgical and anesthetic 
technique, liver transplant has become a success-
ful procedure for end-stage liver disease patients. 
The immediate post-operative management 

Fig. 38.3 Spirometry
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revolves around optimization of hemodynamic, 
respiratory, renal, and gastrointestinal functions. 
Graft recovery monitoring plays a very signifi-
cant role in the outcome of the patient. The trend 
of the early post-operative period determines the 
outcome of the patient.
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39Assessment of Early Graft Function 
and Management of Early Graft 
Failure

Akila Rajakumar, Premchandar Velusamy, 
and Ilankumaran Kaliamoorthy

Abbreviations

ALF acute liver failure
ALT Alanine aminotransferases
AST Aspartate aminotransferases
CIT cold ischemia time
CRRT continuous renal replacement 

therapy
DCD donation after cardiac death
DDLT Deceased donor liver 

transplantation
EAD early allograft dysfunction
ECLS extracorporeal liver support 

systems
HVP high volume plasmapheresis
ICG-PDR Indocyanine green-plasma disap-

pearance rate
IPGF initial poor graft function
IRI ischemia reperfusion injury
LDLT Living donor liver transplantation
LiMax Liver maximal function capacity
LT Liver transplantation
MARS Molecular adsorbent recirculating 

system
MEAF Model for early allograft function
NAC N-acetyl cysteine
PEEP positive end expiratory pressure
PGD primary graft dysfunction

PLP Plasmapheresis
PNF primary non function
PRS reperfusion syndrome
RRT renal replacement therapy
SIRS systemic inflammatory response

Liver transplantation (LT) has now been univer-
sally accepted as the standard of care for patients 
with decompensated end-stage liver disease, 
acute liver failure (ALF), and a few other meta-
bolic disorders. Resumption of graft function 
during and immediately after surgery is very cru-
cial in determining patient outcomes. Graft sur-
vival approximates patient survival in most 
circumstances. Although the rates of cadaveric 
donation have increased, there seems to be a dis-
proportionate increase in the number of recipi-
ents on waitlist. Living donor liver transplantation 
(LDLT) was developed with the main purpose of 
reducing waitlist mortality which, unfortunately, 
has not been able to provide a complete solution 
for the problem. To overcome this, the transplant 
community has increased the margins for accep-
tance of a donor in deceased donor liver trans-
plantation (DDLT) and a smaller volume graft in 
LDLT to prioritize donor safety [1, 2]. This has 
led to increasing use of marginal grafts which 
increase the likelihood of primary graft dysfunc-
tion (PGD). It has been well demonstrated that 
recipients who develop PGD have a higher risk of 
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morbidity and mortality, but the benefits might 
outweigh the risks of dying in the waitlist without 
a suitable organ.

Primary graft dysfunction (PGD) is a sequalae 
of the ischemia reperfusion injury (IRI) in the 
liver graft [3]. The spectrum of PGD ranges from 
primary non function (PNF) which results in 
death or retransplantation to early allograft dys-
function (EAD) which is also referred to as initial 
poor graft function (IPGF) by some authors. 
Presumably the severity of IRI is a major deter-
minant of graft outcomes. PNF is a severe form 
of IRI resulting in irreversible graft failure with-
out other technical or immunological factors [4, 
5]. Sinusoidal endothelial cell damage seems to 
be central to the pathophysiology of PGD [6]. 
Closure biopsies also referred to as time zero 
biopsy has shown to be a significant predictor of 
graft and patient outcomes. Acute inflammatory 
infiltration of the graft and hepatocellular dam-
age ranging from ballooning degeneration to 
coagulative necrosis has been observed immedi-
ately post-reperfusion in the closure graft biop-
sies studied [7]. Severe IRI shown in these 
biopsies help in predicting PGD earlier and initi-
ate aggressive management strategies including 
decision on retransplantation [8].

39.1  Incidence, Predictors, 
and Outcome of PGD

Incidence of EAD has shown to be between 15 
and 27% and PNF has a reported incidence of 
4–8% [9–12]. EAD incidence has increased over 
the recent years because of more prevalent use of 
marginal and extended criteria donors [13].

Donor age, fatty liver on donor biopsy, pro-
longed cold ischemia time (CIT), prolonged ICU 
stay of the donor, retransplantation and renal 
insufficiency, preop recipient ICU stay, and intra-
operative transfusions have been shown as pre-
dictors of PGD [11, 12, 14–18]. A higher 
incidence of PGD has been observed in donation 
after cardiac death (DCD) donors [16, 17]. Larger 
graft in a smaller recipient is also shown to be a 
risk factor for EAD [19, 20]. In the Adult to Adult 
Living Liver (A2ALL) group, left lobe grafts, 

lower GRWR grafts, higher preop bilirubin, 
higher portal reperfusion pressure, and donor fac-
tors including advanced age and higher BMI 
were found to be risk factors for EAD. Recipients 
with EAD had a 5.2 times higher risk of graft loss 
than those without EAD and the incidence of 
graft loss was found to be 24% in their EAD 
cohort [21]. EAD is associated with increased 
susceptibility to sepsis, prolonged ICU and hos-
pital stay, which has huge implications on 
resources [11, 14, 15, 22]. EAD has been shown 
to be an independent risk factor for graft loss and 
mortality [11, 13, 22–25]. In the Olthoff study, 
[11] among the 23.2% of recipients with EAD, 
18.8% died, whereas 1.8% of recipients without 
EAD died. The rate of graft loss was 26.1% for 
patients with EAD and 3.5% for patients without 
EAD.

With this huge burden of adverse outcomes in 
PGD, the liver transplant community is presented 
with the ever increasing challenges to plan and 
implement strategies to decrease complications 
related to marginal grafts. Factors predictive of 
PGD should be well understood to enable donor–
recipient matching. During donor–recipient 
matching, it has been strongly recommended to 
avoid a combination of risk factors like the com-
bination of donor steatosis (30–60%) and pro-
longed CIT as advised by Busuttil and Tanaka 
[26]. In recipients who have a higher probability 
of PGD, all intraoperative and postoperative fac-
tors which could add on to the risk should be 
optimized as much as possible. Aggressive and 
defined perioperative strategies should be in 
place to handle these patients to avoid graft loss 
and mortality.

There are several scores developed to predict 
outcome of a transplant, which can predict graft 
loss to a great extent, based on donor and recipi-
ent factors like donor risk index, [27] survival 
outcomes following liver transplantation score, 
[28] Donor Model for End-Stage Liver Disease 
(D-MELD) score [29]. These scores can be used 
to make informed decisions regarding donor–
recipient matching and also help to explain to 
patients what their post-transplant survival would 
be. This would be more helpful in recipients who 
receive marginal grafts.
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39.2  Assessment of Early Graft 
Function

Early graft failure in the form of PNF is an 
uncommon but very challenging and stressful 
scenario for the transplant team and patient’s 
family. Early recognition of the problem, incor-
poration of multidisciplinary inputs, excellent 
communication among team members and fam-
ily and reassessments at frequent intervals fol-
lowed by execution of planned strategies in 
anticipation of impending complications are all 
keys to success in managing this cohort of 
patients. Multiorgan dysfunction sets in at the 
late stages of graft failure both in PNF and EAD, 
when recovery of graft function becomes impos-
sible. It is, therefore, imperative to identify signs 
of early graft failure to decide if urgent retrans-
plantation is required and also to identify grafts 
with potential to recover with meticulous postop-
erative care. In patients with EAD, a milieu ideal 
for regeneration will help avoid graft loss.

Graft function is determined by multiple fac-
tors—quality of donor graft, ischemia times, 
graft reperfusion, technical factors at anastomo-
sis, intraoperative course, and pre-existing status 
of the recipient. Identifying potentially modifi-
able risk factors could help in the initiation of 
early interventions that could mitigate the course 
of PGD.

Of all the solid organ transplants, biomarkers 
are readily and easily available to assess dynamic 
graft function in LT. These should be used with 
clinical parameters to assess and evaluate graft 
function and early graft failure. Graft function is 
usually assessed by a combination of assessment 
of operating field and bile production, clinical 
parameters, requirement for multiorgan support, 
laboratory parameters, and the need for blood 
products, specifically for clotting support. But 
the clinical and laboratory derangements are not 
entirely specific for graft function and can be 
deranged due to pre-existing medical status of the 
patient and other new onset perioperative 
factors.

Assessment of graft function should begin, as 
early as, immediately after reperfusion and con-
tinued onto the postoperative period. PNF is usu-

ally evident on table after reperfusion. EAD can 
be picked up on table but usually manifests in the 
postoperative period. A good functioning graft 
usually presents itself, at reperfusion, as a uni-
form well perfused liver which becomes soft in 
consistency as noted by the surgeons, along with 
other factors like, start of bile production, improv-
ing coagulopathy, stabilization of hemodynam-
ics, improvement in urine output, and stabilization 
with falling trends in lactate levels and acidosis. 
PNF usually presents with a stiff liver at reperfu-
sion, reperfusion syndrome, worsening hemody-
namics, worsening coagulopathy with massive 
bleeding and massive transfusion requirements, 
no improvements or fall in urine output, worsen-
ing lactate levels, and acidosis.

The superurgent listing criteria for PNF as 
accepted by Organ Procurement and 
Transplantation Network (OPTN) is the PNF of a 
transplanted liver within 7 days of implantation; 
as defined by (a) or (b):

 (a) AST ≥3000 and one or both of the 
following:
• INR ≥2.5.
• Acidosis, defined as having an arterial 

pH ≤  7.30 or venous pH of 7.25 and/or 
lactate ≥4 mmol/L.

 (b) Anhepatic candidate.
h t t p s : / / op tn . t r ansp l an t . h r s a .gov /

media/1200/optn_policies.pdf

Various definitions for EAD has been pro-
posed by several authors [11, 14, 18, 30–34]. 
Table  39.1 lists out the commonly used defini-
tions and some have included criteria for PNF 
also.

Several functional tests which depend on the 
presence of active liver function have been stud-
ied to assess postoperative graft function. Despite 
several limitations, Indocyanine Green - Plasma 
Disappearance Rate (ICG-PDR) and Liver 
Maximal Function Capacity (LiMax) tests have 
been well studied for detection of early allograft 
failure. Daily determination of ICG PDR [35, 36] 
in the postoperative period has been shown to 
determine graft function with values showing an 
improving trend with as the graft function recov-
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Table 39.1 Definitions of EAD

Study authors Primary graft dysfunction
Ploeg RJ [18] IPGF was defined as a form of PDF with AST >2000 U/L, PT > 16 s and ammonia 

>50micromol/L on post- transplant day 2–7
PNF—Non-sustaining function of liver after liver transplant leading to death or 
retransplant within 7 days

Deschênes M [14] EAD was defined by the presence of at least one of the following between 2 and 7 days 
after liver transplantation: Serum bilirubin >10 mg/dL, prothrombin time (PT) ≥17 s, and 
hepatic encephalopathy

Nanashima et al. [34] EAD—two consecutive measurements of ALT or AST > 1500 IU/L within first 72 h after 
transplant

Broering et al. [30] Primary poor graft function as one of the transaminases (alanine transaminase, aspartate 
transaminase, and glutamate dehydrogenase) more than 2000 U/L or requirement of fresh 
frozen plasma for more than 5 days postoperatively
PNF—Re-transplant within 10 days of implantation or death from a non- functioning graft

Olthoff et al. [11] EAD—presence of one or more of the following variables: Bilirubin >10 mg/dL, 
INR > 1.6 on day 7, AST or ALT >2000 U/L within the first 7 postoperative days

Dhillon et al. [32] Graft function assessed as average liver enzymes [(AST + ALT)/2)] on day 2
<285 IU/L: Good function285–986 IU/L: Average function>986 IU/L: IPGF
PNF—death or re transplant within 7 days of liver transplant

Mathe et al. [33] IPGF—AST or ALT levels >1500 U/L on two consecutive measurements within the first 
72 h after LT
PNF—Poor graft function of the allograft culminating into death or re-transplant

Chen X. et al. [31] EAD—Presence of one or more of the following variables bilirubin ≥10 mg/dL, 
INR ≥ 1.6 on day 7 with AST or ALT >2000 U/L within the first 7 postoperative days

ers. ICG PDR is a safe bedside test but multiple 
confounders affecting PDR is the limitation 
resulting in poor specificity. LiMax is a real time 
breath test performed using 13C methacetin. 
When administered intravenously, it is selec-
tively metabolized by cytochrome P450 1A2 
(CYP1A2), an enzyme exclusively expressed by 
hepatocytes and is excreted by ventilation. An 
estimate of this enzyme kinetics can be obtained 
with the 13CO2/12CO2 ratio. Non-EAD patients 
showed significantly higher LiMax within 6  h 
after LT than EAD patients [37, 38]. Various 
external factors and genetic variability influence 
cytochrome activity and hence this test has poor 
specificity in determining liver function post LT.

Bedside determination of serum lactate levels 
is a well-established excellent predictor of graft 
function post-LT. The rate of fall of serum lactate 
levels is used to predict survival in ICUs for 
patients admitted with varying causes within the 
first 6 h of admission [39]. The same was demon-
strated in a study from China [40] with post-LT 
patients. Non-EAD patients showed a signifi-
cantly higher lactate clearance compared to 
patients who developed EAD subsequently.

Persistent thrombocytopenia, [41, 42] low fac-
tor V levels [43], have all been shown to be signifi-
cantly associated with EAD. But it is not clear if 
thrombocytopenia is a cause or consequence of 
EAD.

39.3  Scoring Systems 
for Assessment of Graft 
Function Post-LT

In an effort to identify predictors for PGD, 
Wagener and colleagues [44] demonstrated that 
MELD on day 5 was found to be the best predic-
tor of 90-day survival. They demonstrated that 
the best cut-off of MELD score on day 5 for pre-
dicting 90-day mortality or graft loss was 18.9 
and a MELD score > 18.9 on postoperative day 5 
was a better predictor than any other laboratory 
value or definition of EAD. In a study from Spain, 
Pareja et al. [12]developed a model scoring sys-
tem for continuous grading of early allograft 
function following liver transplantation—Model 
for early allograft function (MEAF) score using 
easily available parameters—ALT, bilirubin, and 
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INR in the first three postoperative days. For easy 
use, the model’s range of score points has been 
set between 0 and 10.

and increasing score points reflect increasing 
severity of EAD. With the use of a nomogram, 
each recipient’s score can be calculated at the 
bedside. They demonstrated significant associa-
tion between MEAF scores and patient survival 
at 3, 6, and 12  months. In another study from 
Belgium, MEAF score was shown to be superior 
to EAD in predicting 1-year survival [10].

In a study from UCLA, another model called 
Liver Graft Assessment Following Transplantation 
(L-GrAFT) was developed as a dynamic assess-
ment of graft function using 10 days post- transplant 
values of AST, bilirubin, INR, and platelet counts 
and analyzing their trends and the rates of normal-
ization. A score of 1–5 was given and the authors 
demonstrated that this score model was superior to 
other binary EAD classifications and MEAF score 
in predicting 3-month graft survival [45].

39.4  Management of a Failing 
Graft

Whenever PGD is anticipated or suspected based 
on intraoperative course, strict strategies need to 
be implemented. In addition to the failing 
allograft, the clinical course becomes quite 
stormy due to additional factors like preoperative 
recipient physiology which deteriorates further, 
the physiological stress of surgery, ischemia 
reperfusion injury, immune activation, and multi-
organ dysfunction. Multidisciplinary team input 
and collaborative working is essential.

In the LDLT setting, it has been observed that 
if the early period after transplantation is well 
supported, majority of PGD would recover with-
out much consequences [46].

39.4.1  Deteriorating Recipient 
Physiology in PGD

Due to PGD, all other organ systems of the recip-
ient suffer and extra hepatic organ failure sets in 

very rapidly. Worsening coagulopathy necessi-
tates coagulation correction and transfusion of 
large amounts of blood and blood products. The 
lungs can suffer because of transfusion associ-
ated lung injury (TRALI), transfusion associated 
circulatory overload (TACO) or acute lung injury 
due to systemic inflammatory response (SIRS) 
triggered by struggling graft. SIRS results in 
increased vasopressor requirement which can 
lead to peripheral circulatory failure which perse 
can add to the burden of lactate load. Acidosis 
resulting from PGD and renal dysfunction further 
increases refractoriness to vasopressors. The 
magnitude of these changes varies from patient to 
patient and also depends on the preoperative sta-
tus of the recipient.

39.4.2  General Principles 
of Management

All efforts should be made to extract maximal 
function of the failing graft and enhance liver 
regeneration. Optimizing and preventing extra 
hepatic organ system dysfunction is the most 
important goal which facilitates an appropriate 
milieu conducive for liver regeneration or to stabi-
lize the patient for retransplantation. All efforts 
should be made to prevent iatrogenic injury at any 
stage.

39.4.3  Meticulous Surgical Care

As much as possible, thorough hemostasis 
should be ensured. Venous drainage should be 
good to avoid any further congestion. In centers, 
where routine use of intraoperative ultrasound 
doppler is not practiced, it is advisable to use in 
suspected cases of PGD to ensure patency of 
venous and arterial anastomosis and adequate 
outflow. When in the ICU, it is prudent to 
exclude all reversible causes of PGD by imag-
ing, either by a bedside Doppler or Contrast 
enhanced CT scan. Immediate re-exploration, in 
cases of vascular thrombosis, can avoid retrans-
plantation or death.
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39.4.4  ICU Management

In the postoperative period, supportive therapy 
should be aggressive and pre-emptive. ICU care 
can be divided to (a) general supportive care for 
each of the organ systems and (b) specific inter-
ventions for PGD.

39.5  General Supportive Care

39.5.1  Neurological Support

PGD is occasionally evident by failure to wake 
up at the end of surgery in fast track centers and 
inappropriate sensorium in other recipients. 
Sensorium changes can range from subtle delays 
in awakening to rapidly developing coma. Recent 
evidence shows glial edema and increased serum 
levels of γ-amino butyric acid and inhibitory neu-
ral receptor activity are associated with hepatic 
encephalopathy [47]. Hyperammonemia has par-
adoxical central nervous system effects; increas-
ing inhibitory γ-amino butyric acid receptor 
sensitivity and independently causing neuronal 
excitation and seizure activity [48, 49].

Patient evaluation should be directed towards 
excluding and eliminating neurological diseases 
which can have a similar presentation as 
EAD. Electroencephalography can detect status 
epilepticus without motor manifestations, which 
has an increased incidence in advanced hepatic 
encephalopathy [50]. A triphasic wave pattern on 
the encephalogram suggests hepatic coma but 
cannot be distinguished from other causes of 
neuroinhibition such as calcineurin inhibitor neu-
rotoxicity. Therefore, serum immunosuppressant 
levels are part of the standard evaluation of recip-
ients with impaired level of consciousness [51].

Neuroimaging using high-resolution com-
puted tomography or magnetic resonance can 
help in the identification of posterior reversible 
leukoencephalopathy syndrome (PRES) and 
intracerebral bleeding, conditions that occur with 
greater frequency in critically ill transplant recip-
ients due to immune suppression and a reduction 

in blood clotting, respectively and also the rare 
complication of osmotic demyelination. The 
most common clinical manifestation of PRES is 
seizures and 30% seem to have an intracranial 
bleed, thus suggesting vascular dysregulation/
damage as contributing factors [52]. Because 
imaging can lag behind clinical findings, serial 
studies may be necessary [53, 54]. Other moni-
tors such as transcranial Doppler, continuous 
electroencephalography, and cerebral oximetry 
have not been systematically evaluated for neuro-
logical outcome in PGD and there is no agree-
ment on when to initiate monitoring.

The clinical management of these patients is 
neuroprotection as in ALF for patients with PNF 
and careful neuromonitoring and delaying extu-
bation in patients who develop EAD. All princi-
ples for neuroprotection applied in ALF brain 
should be used in PNF [55].

There is still disagreement about the benefits 
and risks of invasive intracranial pressure moni-
toring. Although there are often marked abnor-
malities in the standard coagulation tests, very 
few hemorrhagic complications have been 
reported with invasive intracranial pressure mon-
itoring devices [56]. Yet, the use of subdural and 
subarachnoid catheters has not been associated 
with better outcomes in patients with acute liver 
failure [57–61].

Treatment aims to reduce cerebral edema if 
present. It is recommended to maintain a serum 
sodium of 145–155  mmol/L and use of hyper-
tonic saline when indicated has shown to improve 
outcome in ALF [62, 63]. Routine monitoring of 
serum sodium and osmolality helps control the 
risk of developing neurological injury due to 
myelinosis. Bolus therapy with mannitol/hyper-
tonic saline is recommended when there is clini-
cal evidence of raised intracranial pressure. 
Administration of nonabsorbable disaccharides 
like lactulose/lactitol, antibiotics like oral rifaxi-
min, and other drugs like l-ornithine-l-aspartate 
improves outcome in chronic liver disease by 
reverting hepatic encephalopathy, although no 
benefit is achieved in ALF [55]. Their role in 
EAD is yet to be studied.

A. Rajakumar et al.



517

39.5.2  Mechanical Ventilation

It has been shown that these patients are at 
increased risk of ALI due to graft failure and the 
mediators [64]. Indirect injury affecting lung 
endothelium is seen more frequently in patients 
with liver disease and is probably attributable 
liver failure than the direct epithelial injury seen 
in other forms of critical illness [65]. Ongoing 
requirement for blood products further increase 
the risk of transfusion associated lung injury and 
circulatory overload. Prolonged ventilator 
requirement puts them at an increased risk of 
ventilator associated pneumonia and the require-
ment of tracheostomy.

Preemptive lung protective ventilation strate-
gies are the most effective way of reducing the 
incidence and severity of ALI from any underlying 
cause [66]. The recent international expert panel 
based consensus recommendations for periopera-
tive ventilation [67] recommends protective strate-
gies and to initiate ventilation with tidal volume of 
6–8 mL/kg predicted body weight and positive end 
expiratory pressure (PEEP) 5  cm H2O.  PEEP 
could then be individualized as per status of oxy-
genation. Whenever recruitment maneuvers are 
required, the lowest effective pressure and shortest 
effective time or fewest number of breaths to be 
used. Positive end expiratory pressure up to 15 cm 
H2O is associated with preserved hepatic venous 
outflow and can be used in patients following liver 
transplantation [68].

39.5.3  Cardiovascular Support

The systemic inflammatory response in these 
patients results from the IRI and the mediators 
cause marked vasodilation and vasoplegia. The 
clinical picture is indistinguishable from septic 
shock. Relative endogenous vasopressin defi-
ciency has been demonstrated in patients with 
liver disease and this could be the reason for 
vasodilatory shock seen in liver failure similar to 
septic shock [69].

Goal directed fluid therapy is recommended 
[70]. A thorough insight into all fluid therapy tri-
als recommend that clinicians should focus on 

the precision for using invasive or non-invasive 
approaches at the initial presentation of high risk 
patients [71]. Intravenous fluids should be metic-
ulously titrated keeping in mind the risks of graft 
congestion and cerebral edema vs. inadequate 
perfusion. In this cohort of patients, fluids and 
vasopressor use should be guided by cardiac out-
put monitoring.

When vasopressors are needed, norepineph-
rine is recommended as first choice followed by 
vasopressin. This combination is supported by 
few studies in ALF because of favorable effects 
on intracranial pressure and preservation of cere-
bral perfusion [72]. A reduction in portal flow 
helps control symptoms of portal hypertension, 
including hepatorenal syndrome [73].

Norepinephrine is recommended as a first line 
treatment with the addition of vasopressin if the 
mean arterial blood pressure is less than 65 mm 
Hg in patients with septic shock as per surviving 
sepsis guidelines. It has been shown that these 
patients respond by a 20% increase in MAP with 
exogenous vasopressin [69]. When ionotropes are 
required, dobutamine should be used. It has not 
been possible to identify a target blood pressure 
associated with better survival. Complications 
such as atrial fibrillation were more common with 
higher vasopressor induced blood pressures [74].

Crystalloids can contribute to dilutional coag-
ulopathy and can increase risk of bleeding. 
Colloids are recommended in protein rich drain 
losses including ascites. A common ratio for 
replacement is 8 g of 20% albumin per liter asci-
tes drained when no other fluids are administered 
[75]. The indications for use of fresh frozen 
plasma are primarily for coagulation correction 
in profound coagulopathy or for invasive proce-
dures. Factor concentrates like prothrombin com-
plex concentrates, fibrinogen concentrates, and 
recombinant activated factor VII in some 
instances, are preferred whenever possible, for 
the advantage of avoiding fluid overload, immu-
nological issues, and lung injury caused by blood 
products [76, 77].

When used with guidance from point of care 
coagulation tests, these concentrates have been 
found to be safe [78, 79]. The use of vitamin K is 
currently not supported by clinical trials [80].
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39.5.4  Renal Support

PGD affects renal function, severity of which 
depends on the severity of IRI, hemodynamic 
instability and the presence or pre-existing renal 
disease. Conditions such as immune-mediated 
glomerular and interstitial injury was noted in 
42% of cirrhotic patients on renal biopsy [81]. It 
has also been observed that even under normal 
circumstances, there is a significant decline in 
renal function accompanied by impaired renal 
oxygenation directly after liver transplantation 
[82]. This happens despite hyperdynamic sys-
temic circulation. It is obvious that these changes 
will be exaggerated during PGD.

Renal dysfunction occurring due to graft fail-
ure had a very high mortality and the risk is fur-
ther increased with requirement of renal 
replacement therapy [83]. Associated manifesta-
tions require attention—fluid overload, acidosis, 
and other electrolyte disturbances necessitating 
renal replacement therapy (RRT). These patients 
with EAD also tend to have higher rates of pro-
gression of renal dysfunction and non-recovery 
compared to others without EAD [84].

In the data from US acute liver failure study 
group, continuous renal replacement therapy 
(CRRT) was shown to cause significant reduction 
in serum ammonia and improve transplant free 
survival [85] and the same has been demonstrated 
in children with acute liver failure [86]. 
Observations from patients with acute liver fail-
ure show that early renal replacement therapy in 
patients with associated renal dysfunction 
increases graft and patient survival [87]. It has 
also been well established that CRRT is better 
than intermittent RRT in acute liver failure 
because of the slower changes in serum osmolal-
ity and a smaller effect on arterial pressure which 
is thought to preserve cerebral perfusion and 
avoid fluctuations in hemodynamics and intracra-
nial pressure [88, 89]. Ammonia clearance is 
closely correlated with ultrafiltration rate and 
increasing ultrafiltration rates have shown rapid 
decline in ammonia levels [90].

39.5.5  Infection Prevention 
and Control

This cohort of patients are extremely susceptible 
to infections because of impaired acute phase 
cellular and protein response, reduced portal fil-
tering capacity, and gut translocation [91], in 
addition to immunosuppressive therapy, longer 
duration of ventilation, invasive lines and drains, 
and frequent use of extracorporeal circuits 
increase the risk of infection. Periodic surveil-
lance cultures and screening, broad spectrum 
antibacterials and antifungals as per the local 
hospital antibiogram, and very stringent infection 
control measures should be instituted.

39.5.6  Nutritional Support

In patients with acute liver failure, nutritional 
goals would be to ensure adequate provision 
of energy by exogenous administration of glu-
cose, lipid, proteins/amino acids, vitamins, and 
trace elements. In patients with hyperacute dis-
ease, it is preferred to defer nutritional protein 
support for 24–48  h until hyperammonemia 
is controlled. Protein supplementation should 
be done with monitoring of serum ammonia 
levels [92]. Otherwise, nutritional therapy 
principles should be similar to other critically 
ill patients and we should aim to initiate and 
establish enteral feeding within 5–7 days of the 
onset of any acute illness [92]. As in all criti-
cally ill patients, this improves gut mucosal 
integrity and bacterial flora. While parenteral 
nutrition is an option if enteral feeding is not 
possible, the risk of infection and cholestasis 
is increased.

In those patients with hypermetabolism, peak 
metabolic requirements was noticed on tenth day 
post-transplant [93]. By the end of 12  months 
post-transplant, the metabolic state was compa-
rable to other healthy individuals [93, 94]. It is 
important to supply the extra energy require-
ments in this group of patients.
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39.5.7  Immunosuppression

Despite severity of illness, these patients require 
immunosuppression to prevent the added compli-
cation of graft rejection. Serum levels of immu-
nosuppressants should be carefully monitored 
because graft dysfunction interferes with drug 
metabolism and makes these patients more prone 
to the drug side effects. The risk of infection and 
renal dysfunction has to be balanced against graft 
rejection [95].

39.6  Specific Interventions

39.6.1  Use of N-Acetyl Cysteine

N-Acetyl cysteine (NAC) is a rich source of sul-
fydryl groups which help in replenishing gluta-
thione stores [96]. Glutathione acts as a free 
radical scavenger and contributes to the antioxi-
dant effect of NAC. The anti-inflammatory prop-
erties are well proven [97–100]. Free radicals are 
believed to play a major role in the pathogenesis 
of ischemia reperfusion injury resulting in pri-
mary graft dysfunction manifesting as PNF or 
EAD [101]. The role of NAC in acetaminophen 
induced fulminant liver failure has been well 
established [55, 102]. Beneficial effects have also 
been demonstrated in non-acetaminophen ALF 
[103–106]. NAC has, therefore, been widely used 
in ALF of all etiologies and in liver resections 
because of the fact that it is cheap, easily avail-
able and devoid of major adverse effects, hence 
its use in PNF can be justified.

In an experimental model with rats, NAC was 
shown to reduce the effects of ischemia reperfu-
sion injury after warm ischemia or liver trans-
plantation by an improvement of microcirculation 
and reduction of leukocyte endothelium interac-
tion [107]. In a study on intraoperative use of 
NAC, in doses recommended for fulminant liver 
failure, modest improvement in oxygen transport 
was observed, but no difference was noted on the 
reperfusion syndrome (PRS), postoperative graft 
function, rejection, infection or other complica-
tions [108].

In another RCT, there was no difference in 
incidence of PRS, immediate graft function, 
acute kidney injury or long-term graft, and patient 
survival in patients receiving NAC. The authors 
proposed further studies to evaluate its efficiency 
by continuing NAC for a longer duration and use 
in donor as well as recipient [109]. In a RCT in 
LDLT, use of NAC in live donors until graft har-
vest and in recipients during implantation and 
continued for 96 h did not show any difference in 
incidence of early graft function, postoperative 
AKI, hospital stay, and mortality [110]. Therefore, 
routine intraoperative use of NAC is not sup-
ported by existing literature.

In a RCT on deceased donors by D’Amico 
et al. [111], NAC infusion at a dose of 300 mg/kg 
commenced an hour before beginning of liver 
procurement and a locoregional NAC infusion 
given through portal vein) was shown to signifi-
cantly improve 3-month and 12-month graft sur-
vival. This effect on early graft function and 
survival was more pronounced in the cohort of 
patients who received marginal grafts.

39.6.2  Role of Plasma Exchange 
in Graft Failure

Plasmapheresis (PLP) has been used for a long 
time in acute liver failure due to various etiolo-
gies including PNF and in EAD [112]. It helps in 
removal of free and protein-bound toxic sub-
strates with supply of fresh plasma with clotting 
factors and albumin. PLP also helps in removal of 
inflammatory mediators and attenuates activation 
of innate immune pathway and can thus prevent 
multi organ dysfunction in ALF [113].

Improvement in biochemical parameters and 
coagulopathy has been demonstrated in all stud-
ies evaluating PLP in PGD [114, 115]. Clinical 
improvement evidenced by reduction in systemic 
inflammatory response syndrome (SIRS) and 
sequential organ failure assessment (SOFA) 
scores has been observed in ALF patients treated 
with high volume plasmapheresis(HVP) [113]. 
Although used widely, there has been only one 
RCT performed till date to evaluate plasma 
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exchange in ALF and this has demonstrated 
improved outcome in patients with ALF by sig-
nificantly increasing liver transplant-free survival 
[113]. HVP has now been included in the 
European guidelines as level 1, grade 1 recom-
mendation in the management of ALF [55]. As 
per the available literature, most of the studies 
have continued PLP until retransplantation or 
clinical improvement or death of the patient.

PLP has been used widely for EAD also but no 
proper RCT has been performed. Studies have 
shown beneficial effects of PLP in EAD in the 
LDLT setting [116–118] as well as in DDLT set-
ting [114, 119, 120]. In a study of 107 EAD recipi-
ents from Korea, it was observed that PLP 
improved biochemical parameters and coagulation 
profile and survival was significantly better com-
pared to those who did not undergo PLP [116].

PLP has the advantage of being simple and 
easy to use, readily available, and economical 
liver support system. It is, therefore, an excellent 
tool in the management of PGD, in countries 
where retransplantation is not always feasible, 
due to scarcity of donor organs and the financial 
burden. Apart from all other known problems 
with extracorporeal circuit, PLP non-selectively 
removes substances from blood. Essential medi-
cations like antibiotics and immunosuppressants 
can be removed and the degree of removal is not 
yet very clearly understood [121, 122].

39.6.3  Other Artificial Liver Support 
Systems in PGD

A variety of artificial liver support systems have 
emerged for the treatment of liver failure but 
none except HVP has shown survival benefit till 
date [123]. Molecular adsorbent recirculating 
system (MARS) has shown the most benefit so 
far and has been extensively studied, has shown 
temporary improvement in systemic hemody-
namics and encephalopathy [123]. Recent meta- 
analysis [124] suggests that extracorporeal liver 
support systems (ECLS) may reduce mortality 
and improve hepatic encephalopathy in patients 
with liver failure. It has been strongly recom-
mended that well designed RCTs are needed to 

determine the magnitude of that effect and to see 
which modality is better and which cohort of 
patients will benefit from ECLS [125].

39.7  Use of Prostaglandins

Prostaglandins with their anti-inflammatory prop-
erties, platelet inhibition, and vasodilation are pre-
sumed to improve hepatic microcirculatory flow. 
However, a systematic analysis of randomized 
controlled studies did not show improvement in 
all-cause mortality for cadaveric primary nonfunc-
tion [126]. A pilot study on the use of the PGI2 
analogue iloprost showed improvement in early 
postoperative graft function [127]. Further to this, 
a German multicenter study termed the PRAISE 
study is underway to evaluate the effect of intrave-
nous iloprost on graft function after liver trans-
plantation [128]. In a study on LDLT recipients, 
perioperative PGE1 infusion was shown to reduce 
the incidence of post-transplant renal dysfunction 
but no difference in incidence of PGD was 
observed [129]. In a setting of small for size grafts, 
continuous portal infusion of PGE1 was shown to 
attenuate portal hypertension, suppress antidonor 
immune responses, improved graft function result-
ing in better survival [130].

39.8  Other Experimental 
Strategies

IRI is the predominant contributor for PGD and 
is a complex process whose understanding is 
gradually evolving. On the basis of this under-
standing, drugs targeted at relevant pathways to 
ameliorate IRI are being developed and tested in 
animal models with promising outcomes with 
respect to EAD [131]. For instance, dexmedeto-
midine (DEX) treatment seems to protect liver 
against IRI in rodents by decreasing inflamma-
tion through suppressed TLR4/NF-κB pathway 
[132, 133]. DAS-OLT trial has been designed to 
prospectively evaluate the effect of DEX in 
cadaveric LT [134].

To conclude, early graft failure in the form of 
PNF or EAD has serious adverse outcomes for 
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the patient as well as the transplant unit. 
Identifying and understanding the predictors of 
PGD, proper donor–recipient matching and other 
relevant perioperative strategies along with regu-
lar assessment of graft function for early recogni-
tion of PGD can help in stabilizing the 
postoperative course of the patient and mitigating 
adverse outcomes. Meticulous ICU care with 
focused multi-system organ support can help in 
stabilizing the patient until graft regeneration and 
recovery or retransplantation.
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Abbreviations

ADQI Acute disease quality initiative
AKI Acute kidney injury
ATN Acute tubular necrosis
CKD Chronic kidney disease
CKD-EPI Chronic kidney disease 

epidemiology
CNI Calcineurin inhibitor
Cys C Cystatin C
DCD Donation after circulatory death
DDLT Deceased donor liver 

transplantation
ESRD End-stage renal disease
EVR Everolimus
GFR Glomerular filtration rate
GRWR Graft-recipient body weight ratio
HCV Hepatitis C virus
HRS Hepatorenal syndrome
ICA International club of ascites
IL-18 Interleukin-18
KDIGO Kidney disease: improving global 

outcomes
LDLT Live donor liver transplantation
LT Liver transplantation
MDRD Modification of diet in renal disease
MELD Model of end-stage liver disease
MMF Mycophenolate mofetil

mTOR Mammalian target of rapamycin
NASH nonalcoholic steatohepatitis
NGAL Neutrophil gelatinase-associated 

lipocalin
PRS Post reperfusion syndrome
RBC Red blood cell
RRT Renal replacement therapy
SBP Spontaneous bacterial peritonitis
SCr Serum creatinine
SLKT Simultaneous liver kidney 

transplantation

40.1  Objective

This chapter will:
 1. Asses renal function before and after 

liver transplantation
 2. Present the risk factors for early post-

operative acute kidney injury after 
liver transplantation, including pre- LT, 
intraoperative factors, and post-LT 
factors.

 3. Present the factors affecting renal dys-
function in long-term survivors.

 4. Suggest strategies to reduce risk 
factors.
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40.2  Preamble

AKI is a common and significant complication 
after liver transplantation (LT), and is associated 
with increased acute rejection, infection, hospital 
length of stay, utilization of resources, and health 
care costs and poor long-term survival [1, 2]. 
Although the survival of LT recipients has 
improved substantially over the past few decades, 
mortality rates related to post-LT, AKI, and sub-
sequent progressive CKD remain high and are of 
increasing concern [1–5]. Sometimes these 
patients require transient renal replacement ther-
apy (RRT) immediately following LT.

Recent studies have demonstrated a wide vari-
ety of risk factors for the development of post-LT 
AKI and its aetiology is therefore considered mul-
tifactorial. Presence of AKI in pre-transplant set 
up is a predisposing factor for post-transplant 
chronic kidney disease (CKD), both which may 
lead to higher morbidity and mortality especially 
in patients with acute tubular necrosis (ATN) prior 
to LT as compared to patients with hepatorenal 
syndrome. The cumulative risk of developing 
chronic renal failure post-LT has been described to 
be approximately 8–18% at 1–5 years after 
LT. Therefore identifying the risk factors for AKI 
or progressive CKD after LT and developing strat-
egies to either minimize the risks for AKI or retard 
the progression of CKD should be an integral part 
in the management of LT recipients. Assessment 
of renal function pre- and post-LT and an overview 
of the literature on the risk factors for early postop-
erative AKI and those affecting progressive CKD 
in long-term survivors are presented. Suggested 
therapeutic approaches to prevent, halt, or amelio-
rate renal dysfunction are also discussed.

40.3  Definition of AKI

Our understanding of the scope of renal dysfunc-
tion at the time of liver transplantation is often 
clouded due to paucity of accepted definitions, as 
evidenced by the many studies that do not differ-
entiate between AKI, CKD, and AKI superim-
posed on CKD.  Although it is often clinically 

obvious when renal dysfunction occurs, there is 
currently no consensus on the definition of AKI 
in the setting of liver transplantation, and this 
makes the existing literature difficult to compare. 
Several definitions based on different criteria 
have been used to define AKI.  Many of them 
were complex, it became crucial to establish a 
consensual and accurate definition of AKI that 
could ideally be used globally.

40.3.1  RIFLE Criteria

In May 2002, the acute dialysis quality initiative 
(ADQI) group for the study of AKI, composed of 
nephrologists and intensivists, came together 
reached to a consensus with the purpose of defin-
ing AKI. They introduced the consensual RIFLE 
(risk, injury, failure, loss of kidney function, and 
end-stage kidney disease) classification for AKI 
definition which was published in May 2004  in 
critical care [6].

The RIFLE criteria consider three stages of 
severity of AKI (risk, injury, and loss) based on 
changes in serum creatinine levels and urine out-
put. The temporal pattern of the SCr and/or UO 
variation is also relevant for defining AKI: the 
deterioration of renal function must be sudden 
(1–7 days) and sustained (persisting >24 h).

The RIFLE-criteria were subsequently evalu-
ated in a large multicentre intensive care popula-
tion and shown to be a sensitive definition of AKI 
and associated with increased hospital mortality. 
Similarly, in a retrospective cohort of 300 liver 
transplant recipients, O’Riordan et  al. [7], used 
RIFLE-criteria to classify post-LT AKI and found 
that AKI-Injury (AKI-I) occurred in 11% and 
AKI-Failure (AKI-F) in 26% patients; AKI-F 
was also associated with inferior short-term 
patient survival. Similar results were found by 
Kundacki et al. in his smaller study cohort (n = 
112) [8]. Another author demonstrated that the 
23% of recipients had AKI-R, 21% AKI-I, and 
16% AKI-F in a cohort of 440 Living-Donor 
Liver Transplantations [9].

Despite its clinical use, the RIFLE criteria has 
important shortcomings. First, baseline SCr is 
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necessary to define and classify AKI; and several 
studies have found out that determination of AKI 
based on SCr has number of limitation [10]. 
Second, decreased UO is sensitive and frequent 
in AKI; however, it also has some important limi-
tations in defining and staging AKI [11].

It must also be highlighted that the RIFLE cri-
teria has only evaluated in a minority (<2%) of 
patients included in prospective studies. This 
major concern definitely did limit the analysis of 
other clinical or laboratory variables with prog-
nostic impact on the epidemiology of AKI.

40.3.2  Acute Kidney Injury Network 
(AKIN) Classification

In 2007 the Acute Kidney Injury Network (AKIN) 
group, a multidisciplinary consensus workgroup 
of nephrologists and critical care physicians, pro-
posed a more sensitive and strict definition of AKI 
and it is a later version of the RIFLE classification 
with some modifications [12].

In these AKIN criteria a smaller change in SCr 
was used as threshold for diagnosis of AKI.  To 
ensure that the renal insult is acute and representa-

tive of events within a clinically relevant time 
period, a time constraint of 48 hours for diagnosis 
of AKI was defined. Furthermore, patients on 
renal replacement therapy (RRT) were also con-
sidered to have met the criteria for stage 3 AKI. The 
“Loss” and “End-stage” categories of RIFLE were 
omitted since they were considered to be outcomes 
instead of stages of AKI (Table 40.1). Later two 
studies with larger cohort among intensive care 
patients validated these modified criteria [14, 15]. 
Similarly, in even a small rise of serum creatinine 
seem to be associated with higher short-term mor-
tality among the cirrhotic and liver transplant 
recipients. In a cohort of 193 consecutive liver 
transplantations, AKI according to AKIN criteria 
was reported in 60% of recipients and 28-day and 
1- year mortality were 15% and 26% in patients 
with AKI compared to 0% and 4% in patients 
without AKI [16]. Furthermore, in a study of 70 
liver transplant recipients AKIN criteria identified 
AKI in an additional 13% of recipients compared 
to the RIFLE-criteria [17]. A large European vali-
dation study of the AKIN criteria also emphasized 
that despite the lower diagnostic threshold for 
AKI, the AKIN criteria performed similarly as the 
RIFLE-criteria in terms of defining outcome [14].

Table 40.1 Current diagnostic criteria for acute kidney injury (AKI) in the general population and in patients with 
cirrhosis

RIFLE criteria AKIN criteria KDIGO criteria
Conventional 
criteria

Diagnostic 
criteria

Increase in SCR to ≥1.5 
times baseline, within 7 
days, or GFR 
decreases>25% or U/O 
<0.05 ml/kg/h for 6 h

Increase in SCr by 
≥0.3 mg/dl (26.5 
μmol/L) within 48 
h; or
Increase in SCr 
≥1.5 times baseline 
within 48 h; or 
urine volume <0.5 
ml/kg/h for 6 h

Increase in SCr by ≥0.3 mg/
dl (26.5 μmol/L) within 48 h; 
or increase in SCr to ≥1.5 
times baseline, which is 
known or presumed to have 
occurred within the prior 7 
days; or Urine volume <0.5 
ml/kg/h for 6 h

A percentage 
increase in SCr of 
50% or more to a 
final value of SCr 
>1.5 mg/dl (133 
μmol/L)

Staging Risk
SCr increase 1.5–1.9 
times baseline; or
GFR decrease 25–50%; 
or Urine output <0.5 ml/
kg/h for 6 h

Stage 1
SCr increase 
1.5–1.9 times 
baseline; or
SCr increase ≥0.3 
mg/dl (26.5 
μmol/L); or
Urine output <0.5 
ml/kg/h for 6 h

Stage 1
SCr increase 1.5–1.9 times 
baseline; or Cr increase ≥0.3 
mg/dl (26.5 μmol/L); or
Urine output <0.5 ml/kg/h 
for 6–12 h

None

(continued)
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RIFLE criteria AKIN criteria KDIGO criteria
Conventional 
criteria

Injury
SCr increase 2.0–2.9 
times baseline; or
GFR decrease 50–75%; 
or Urine output <0.5 ml/
kg/h for 12 h

Stage 2
SCr increase 
2.0–2.9 times 
baseline; or
Urine output <0.5 
ml/kg/h for 12 h

Stage 2
SCr increase 2.0–2.9 times 
baseline; or
Urine output <0.5 ml/kg/h 
for ≥12 h

Failure
SCr increase ≥3.0 times 
baseline; or
GFR decrease 50–75%; 
or sCr increase ≥4.0 mg/
dl (353.6 μmol/L) with 
an acute increase of at 
least 0.5 mg/dl (44 
μmol/L); or
Urine output <0.3 ml/
kg/h for ≥24 h; or
Anuria for ≥12 h

Stage 3
SCr increase 3.0 
times baseline; or
SCr increase ≥4.0 
mg/dl (353.6 
μmol/L) with an 
acute increase of at 
least 0.5 mg/dl (44 
μmol/L); or Urine 
output <0.3 ml/kg/h 
for ≥24 h; or
Anuria for ≥12 h

Stage 3
SCr increase 3.0 times 
baseline; or SCr increase to 
≥4.0 mg/dl (353.6 μmol/L); 
or
Initiation of renal 
replacement therapy; or
Urine output <0.3 ml/kg/h 
for ≥24 h; or
Anuria for ≥12 h

AKIN acute kidney injury network, GFR glomerular filtration rate, KDIGO kidney disease improving global outcome, 
RIFLE risk, injury, failure, loss, end-stage renal disease, SCr serum creatinine

Table 40.1 (continued)

40.3.3  KIDGO Revision of RIFLE 
and AKIN Criteria

In 2012, the Kidney Disease Improving Global 
Outcomes (KDIGO) released their clinical prac-
tice guidelines for acute kidney injury (AKI), 
which build off of the RIFLE criteria and the 
AKIN criteria [18]. This revised AKI classifica-
tion merged the AKIN and RIFLE-criteria by 
including both an increase of serum creatinine by 
≥26 μmol/L within 48 h as well as an increase to 
≥1.5 times baseline within 7 days as threshold 
for diagnosis of AKI.  The further details of 
KDIGO criteria have been described in 
Table  40.1. Till now few studies have used the 
revised KDIGO criteria to evaluate post-LT 
AKI. Trinh et al. [19] identified KDIGO-AKI in 
57% of 491 liver transplant recipients, of whom 
33% had stage I, 14% stage II, and 10% stage 
III.  A single-centre cohort of 1152 patients 
observed KDIGO-AKI ≥ stage II in 33% recipi-
ents, but did not report AKI stage I [20]. In both 
studies post-LT AKI was associated with higher 
incidence of CKD and reduced short- and long- 
term patient survival [19, 20].

40.4  Why Do We Need to Change 
the Conventional Diagnostic 
Criteria for AKI?

This should be borne in mind when interpreting 
current definition and diagnostic criteria of renal 
failure in cirrhosis?” Currently, studies on AKI in 
patients with cirrhosis showed that AKI defined 
by an absolute increase in SCr P0.3 mg/dl (26.5 
lmol/L) and/or P50% from baseline is associated 
with a higher probability of the patients being 
transferred to the intensive care unit, a longer 
hospital stay, and an increased in-hospital as well 
as 90-day and mid-term mortality [21–24]. On 
the basis of this evidence, all the experts at 
International Consensus Conference and the ICA 
has agreed to change the current definition of 
renal failure by introducing a modified version of 
the KDIGO criteria for the diagnosis of AKI in 
patients with cirrhosis (Table  40.2). In the new 
ICA criteria for the diagnosis of AKI, the use of 
urine output as one of the criteria has been 
removed since it does not apply to patients with 
cirrhosis (i.e., many patients are oliguric but have 
preserved kidney function). Staging system of 
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Table 40.2 International club of ascites (ICA-AKI) new 
definitions for the diagnosis and management of AKI in 
patients with cirrhosis

Subject Definition
Baseline 
SCr

A value of SCr obtained in the previous 
3 months, when available, can be used 
as baseline SCr. In patients with more 
than one value within the previous 3 
months, the value closest to the 
admission time to the hospital should 
be used
In patients without a previous SCr 
value, the SCr on admission should be 
used as baseline

Definition 
of AKI

Increase in SCr ≥0.3 mg/dl (≥26.5 
μmol/L) within 48 h; or
A percentage increase SCr ≥50% from 
baseline which is known, or presumed, 
to have occurred within the prior 7 
days

Staging of 
AKI

Stage 1: increase in SCr ≥0.3 mg/dl 
(26.5 μmol/L) or an increase in SCr 
≥1.5-fold to 2-fold from baseline
Stage 2: increase in SCr >2-fold to 
3-fold from baseline
Stage 3: increase of SCr >3-fold from 
baseline or SCr ≥4.0 mg/dl (353.6 
μmol/L) with an acute increase ≥0.3 
mg/dl (26.5 μmol/L) or initiation of 
renal replacement therapy

Progression 
of AKI

Progression
Progression of AKI to a higher stage 
and/or need for RR
Regression
Regression of AKI to a lower stage

AKI acute kidney injury, RRT renal replacement therapy, 
SCr serum creatinine

the AKI helps in defining severity of renal dys-
function once it sets in and also allows to identify 
the patients at high risk and to manage different 
stages of AKI.

40.5  Assessment of Renal 
Function Before and After 
Liver Transplantation

Exogenous markers (inulin or iohexol) or endog-
enous markers like SCr or CysC is readily acces-
sible in routine clinical practice [25, 26]. 
Although measured GFR remains the gold stan-
dard in assessment of renal function, SCr or 
creatinine- based equations overestimates true 

GFR, particularly in the setting of severe renal 
dysfunction or more severe liver disease. In 
recent years, Cys C has been studied extensively 
as an alternative endogenous marker of kidney 
function in cirrhotic patients. Cys C is a nongly-
cosylated low molecular weight basic protein 
produced at a constant rate by nucleated cells and 
less influenced by factors that may influence SCr, 
such as muscle mass and gender. In a study com-
paring the performance of various creatinine SCr 
and Cys C-based GFR-predicting equations in LT 
candidates (including CKD-EPI (creat), CKD- 
EPI (Cys C), and CKD-EPI (creat-Cys C) and the 
4- and 6-variable Modification of Diet in Renal 
Disease (MDRD) and Hoek formulas), De Souza 
et al. [27] demonstrated that Cys C-based had a 
better performance than creatinine-based equa-
tions, with CKD-EPI (Cys C) equation showing 
the best performance regardless of the severity of 
ascites and in the presence of significant renal 
dysfunction defined as GFR less than 60 mL/min. 
In a small Japanese study of 14 cirrhotic patients, 
Adachi et  al. [28] similarly demonstrated that 
Cys C-based GFR-estimating equations had bet-
ter performances compared with creatinine-based 
equations in terms of bias, precision, and accu-
racy. However, the superior performance of Cys 
C above creatinine in cirrhotic patients with GFR 
less than 80 mL/min has not been demonstrated 
consistently [29].

Similar to the cirrhotic population, Cys C also 
has been suggested to be a more accurate filtra-
tion marker than creatinine among LT recipients. 
In a study to evaluate whether the addition of Cys 
C improves GFR estimation compared with vari-
ous GFR estimating equations, Allen et al. [30] 
demonstrated that Cys C based equations had 
superior performance in GFR estimation com-
pared with creatinine-based equations, whereas 
CKD-EPI (creat-Cys C) outperformed those with 
either marker alone. A total of 586 iothalamate- 
measured GFR in 401 LT recipients were avail-
able for analysis. Of the five GFR estimation 
equations examined, CKD-EPI (creat-Cys C) 
was shown to have the highest coefficient of 
determination (R2 of 0.83), followed by CKD- 
EPI (Cys C) (R2 of 0.78), MDRD-6 (R2 of 0.77), 
and MDRD-4 and CKD-EPI (creat) (R2 of 0.76 
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for both). Nonetheless, the CKD-EPI (creat-Cys 
C) formula still underestimated measured GFR 
by approximately 12%, particularly in low GFR 
groups.

Although not yet readily available in many 
centres, Cys C-based equations may enable clini-
cians to more accurately assess renal function in 
LT candidates and recipients. However, Cys C 
levels may be increased in high cell turnover 
states (such as hyperthyroidism, steroid use, and 
malignancy), advanced age, gender and ethnicity, 
fat mass, and diabetes, among others. Although, 
more costly and complicated, traditional studies 
evaluating the renal clearance of inulin or radio-
isotopes such as iothalamate remain the gold 
standard for evaluating renal function in patients 
with liver cirrhosis and in LT recipients.

Post-LT, several factors like inflammation and 
immunosuppression may affect Cys C level, thus 
hampering the accurate estimation of GFR, 
though higher discrepancy has been seen in the 
lowest GFR group. Serum Cys C itself or as part 
of the equation to measure GFR was the strongest 
independent predictor of mortality, an observa-
tion also noted in other populations [31, 32].

40.6  Biomarkers of AKI

Though, SCr, blood urea, fraction excretion of 
sodium or urine output itself are used worldwide 
to diagnose and determine the aetiology of AKI, 
but they are still considered as poor marker to 
ascertain presence of AKI. These limitations fur-
ther go up in the patients with concurrent cirrho-
sis. In candidates for LT, it has been shown that 
there is a poor correlation between conventional 
markers and biopsy findings [33, 34].

These biomarkers should ideally be able to 
identify early stages of AKI to allow interven-
tions aimed at preventing progression and facili-
tating recovery. Biomarkers could also provide 
information about the aetiology of AKI and help 
distinguishing functional changes from structural 
renal damage thus helping in prediction of out-
come. Up to now several biomarkers for AKI 
have been identified. Although these novel AKI 

biomarkers have primarily been evaluated in gen-
eral intensive care populations, they are also 
being studied in liver transplant recipients pri-
marily in pre-transplant setting [35]. The most 
studied biomarkers associated with tubular dam-
age are neutrophil gelatinase-associated lipocalin 
(NGAL), kidney injury molecule-1 (KIM-1), 
liver fatty acid-binding protein (L-FABP), and 
interleukin 18 (IL-18) [36].

Markers of acute tubular injury has been found 
to be more predictable as it shows the ischemia 
related events but unfortunately not always spe-
cific thus yet to be validated. NGAL, a small 
secreted polypeptide, is markedly upregulated in 
response to tubular injury and subsequently 
detectable in plasma and urine. Nickolas et  al. 
have shown that measurement of NGAL in 
plasma or urine helps in detecting early AKI pre- 
transplant [37]. Studies had found that measure-
ment of NGAL at ICU admission has high 
positive predictive value for the development of 
severe AKI in a large prospective mixed ICU 
population [38]. In one of the studies among liver 
transplantation recipients, a single measurement 
of plasma NGAL within 24 h predicted AKI and 
severe AKI with a high degree of accuracy and 
was superior to SCr at determining which patients 
were at risk of post-LT AKI [39]. Recently a 
small study highlighted a significant observation 
by showing that urinary NGAL was a sensitive 
biomarker for the development of CNI-induced 
AKI early after liver transplantation [40]. Despite 
these evidence, there are also increasing concerns 
regarding specificity of NGAL for renal damage 
as it has been found to have inconsistent associa-
tion. NGAL is produced at a low level in many 
different tissues and both acute and chronic sys-
temic inflammation contributes to the release of 
NGAL thus posing a challenge in identification 
of AKI and spectrum of kidney dysfunction as 
well. In a study of 107 liver transplant recipients, 
author found that plasma and urinary NGAL 
were not only associated with postoperative renal 
function, but also with white blood cell count and 
other inflammation parameters [41].

Renal biomarkers predictive of recovery from 
AKI after LT could enhance decision algorithms 
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regarding the need for simultaneous liver-kidney 
transplant (SLKT) or renal sparing regimens [12, 
35]. In a single-centre study, Levitsky et al. found 
that levels of TIMP-1 and osteopontin along with 
patient characteristics (age, diabetes) were able 
to differentiate between recipients that developed 
reversible versus irreversible AKI post LT [12].

Recent advances in molecular biology have 
resulted in promising biomarkers for AKI and 
CKD diagnoses; concerns remain that hamper 
broad clinical application. Thus more research 
studies are necessary to implement them success-
fully into clinical practice in order to facilitate 
early diagnosis, guide interventions, and monitor 
disease progression.

40.7  Burden of Renal Dysfunction 
After Liver Transplantation

The detrimental effect of AKI after LT was rec-
ognized several decades ago, with 1-year CKD 
incidence of 52% and hospital mortality as high 
as 90% in recipients requiring RRT [42]. Since, 
several blooming, particularly in surgery, periop-
erative care and immunosuppression have signifi-
cantly improved outcomes in liver transplant 
recipients. However, AKI still remains an impor-
tant risk factor for morbidity and mortality after 
liver transplantation. United Network for Organ 
Sharing data show 1-, 5-, and 10-year liver trans-
plant recipient survival rates of 88%, 74%, and 
60%, respectively [43]. In NIDDK long-term 
follow-up study by Watt et al. looked at risk fac-
tors for mortality in liver transplant recipients 
[44] and found that recipient survival rates 1, 3, 5, 
and 10 years after transplantation were 87.0%, 
78.6%, 74.9%, and 59.4%, respectively. As for 
the cause of death, 6.8% were directly attributed 
to kidney failure. Renal dysfunction before or 
after liver transplantation modified the risk for 
overall death more than 1 year after transplanta-
tion [hazard ratio (HR) 1/4 3.59] and for hepatic 
failure-associated death (HR 1/4 5.1). Renal dys-
function before or after liver transplantation con-
veyed an HR for death of 2.66. Furthermore, the 
timing of renal dysfunction predicted the risk of 

mortality more than 1 year after liver transplanta-
tion. In comparison with normal pre- transplant 
renal function, renal dysfunction developing less 
than 1 year after transplantation resulted in an 
HR for death of 2.41; renal dysfunction 1–5 years 
after transplantation resulted in an HR of 6.58; 
and the development of renal dysfunction more 
than 5 years after transplantation afforded an HR 
for death of 7.49. Zhu et al. [16] evaluated conse-
quences of post–liver transplant AKI for mortal-
ity and found 28-day and 1-year mortality rates 
for liver transplant recipients who did not develop 
AKI were 0% and 3.9%, respectively. However, 
in those who developed AKI, the mortality rates 
were markedly increased to 15.5% and 25.9%, 
respectively.

Several studies confirmed previous observa-
tions that the occurrence of mild AKI is associ-
ated with decreased patient survival after liver 
transplantation. The development of renal dys-
function (both AKI and CKD) after liver trans-
plantation appears to be associated with a 
profound mortality risk. It is unclear whether 
AKI after liver transplantation is the primary 
driver of worse mortality outcomes or is merely 
associative. There is a strong association between 
the development of CKD and increased mortality 
after liver transplantation, but as with AKI, cau-
sality is unclear. Regardless, renal dysfunction 
after liver transplantation is a marker of increased 
LOS, nonrenal complications, poor outcomes, 
and prevention should be a major focus of post- 
transplant care.

40.8  Risk Factors 
for Postoperative Acute 
Kidney Injury After 
Orthotopic Liver 
Transplantat

Patients with cirrhosis have an higher risk of 
developing renal dysfunction, both short and 
long term, and is associated with several compli-
cations, additional organ failure, and marked 
decrease in short-term survival [45]. AKI has 
been reported to develop in 17–95% of LT recipi-
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ents, whereas severe AKI requiring perioperative 
RRT occurred in 5–35% of patients [46, 47]. The 
broad range in the incidence reported may be 
attributed to, in part, the poor standardization of 
criteria, defining AKI among studies. In one 
study consisting of 424 LT recipients, AKI within 
the first 3 days after transplantation occurred in 
52% of patients [48]. The former was defined as 
“50% increase in serum creatinine from preoper-
ative baseline value or a 26.5 μmol/L increase 
from baseline within 48 h without urine output” 
[48]. Although the development of AKI after LT 
are often multifactorial and difficult to establish, 
they can be linked to three distinct time frames in 
relation to the LT: the pre-LT, intraoperative, and 
post-LT periods (immediate and long term) and 
summarize suggested risk factors for early post-
operative AKI and strategies to reduce risk 
factors.

40.8.1  Pre-transplantation Risk 
Factors

Pre-transplantation renal dysfunction and HRS 
are well-established risk factors for post trans-
plantation AKI.  Other suggested risk factors 
include higher serum bilirubin levels, hypopro-
teinemia, hypoalbuminemia, hyponatremia, viral 
hepatitis, high serum lactate levels, and severity 
of liver disease as reflected by the Child-Pugh or 
MELD scores. The Organ Procurement and 
Transplantation Network recently has incorpo-
rated sodium into the MELD score. As of January 
2016, the MELD-Na score is employed in the 
liver allocation system in the United States. 
Selected studies evaluating potential pre- 
transplant risk factors for postoperative AKI and 
suggested pathogenic mechanisms and their pre-
ventive measures are discussed.

40.8.2  Hyponatremia

The presence of hyponatremia, defined as a 
serum sodium level below 130 mEq/L at the time 
of transplantation, has been suggested to be asso-
ciated with a high rate of complications after LT, 

including neurologic disorders, infectious com-
plications, and AKI during the first month after 
transplantation [49]. It is well established that the 
presence of hyponatremia identifies a group of 
patients with cirrhosis who have severe impair-
ment in circulatory function. The latter may act in 
concert with the intraoperative and perioperative 
hemodynamic changes to increase the risk of 
postoperative AKI.

In a single-centre retrospective study consist-
ing of 134 LT recipients, AKI occurred in nearly 
half of patients (46.7%) in the postoperative 
period. Serum sodium was lower in the AKI com-
pared with the non-AKI groups (p = 0.02). Viral 
hepatitis, longer warm ischemia time, and high 
levels of serum lactate were found to be risk fac-
tors for AKI, whereas a high MELD-Na score is 
a predictor for HD need [50]. A greater than 
eightfold increase in post-transplant HD need 
was observed among patients with a MELD-Na 
score of at least 22 (OR 8.4, 95% CI = 1.5–46.5). 
Among LT recipients with viral liver disease, it is 
speculated that undiagnosed viral glomerulone-
phritis and superimposed hemodynamic instabil-
ity may play a causative role in the development 
of AKI after LT. In a small series of 30 LT recipi-
ents with hepatitis C who underwent intraopera-
tive kidney biopsy, membranoproliferative 
glomerulonephritis was found in 12, IgA 
nephropathy in 7, and mesangial glomerulone-
phritis in 6 [51].

40.8.3  Hypoalbuminemia

A meta-analysis of observational clinical studies 
showed that lower serum albumin was an inde-
pendent predictor of AKI and death after AKI 
development [52]. The odds of development of 
AKI in association with low serum albumin were 
more than doubled among the six studies of sur-
gical or intensive care unit patients and nearly 
tripled among studies in other hospital settings. 
For every 10 g/L decrement in serum albumin, 
the odds of developing AKI increased by 134% 
(CI 1.74–3.14) [52].

The mechanisms how low serum albumin 
increases the risk of postoperative AKI remain 
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unclear. Nonetheless, it has been suggested that 
hypoalbuminemia modifies Starling’s forces in 
the systemic capillaries and results in the reduc-
tion of GFR [53]. Hypoalbuminemia also has 
been suggested to alter the pharmacokinetics of 
potentially nephrotoxic drugs, thereby increasing 
the risk of AKI. In a prospective study consisting 
of 104 patients treated with intravenous amikacin 
for at least 36 h, low serum albumin was found to 
be associated with amikacin accumulation in the 
plasma and an increased risk of nephrotoxicity 
[54]. It is speculated that specific ligand-binding 
properties of albumin may mediate renoprotec-
tion in patients treated with nephrotoxic drugs. In 
his propensity score analysis of 998 consecutive 
patients Sang et al. found that hypoalbuminemia 
within two postoperative days is an independent 
risk factor for acute kidney injury following liv-
ing donor liver transplantation. Prevalence of 
AKI based on RIFLE and mortality after LTx was 
higher in patients with hypoalbunemeia [55].

40.8.4  Hyperbilirubinemia

The association between high serum bilirubin 
level and postoperative AKI has long been rec-
ognized. The spectrum of cholaemic nephrosis 
ranges from proximal tubulopathy to bile cast 
nephropathy and it is usually seen in prolong 
cholestasis or ACLF.  In a clinicopathologic 
study of 44 jaundiced subjects (41 autopsies and 
3 kidney biopsies), 18 had bile casts involving 
distal nephron segments and 6 had extension 
to proximal tubules. Eleven of 13 patients with 
HRS and all 10 with alcohol-related cirrhosis 
had tubular bile casts. A significant correlation 
was found between these casts and higher serum 
total and direct bilirubin levels (p = 0.0001 and 
p = 0.003, respectively). Furthermore, a trend 
toward higher serum creatinine, aspartate trans-
aminase, and alanine transaminase levels were 
observed among patients with bile casts com-
pared with those without. It is suggested that 
bile cast-associated AKI is due to direct bile and 
bilirubin toxicity and tubular obstruction analo-
gous to that observed with myeloma or myoglo-
bin casts [56].

40.8.5  Liver Disease Severity

Post-LT AKI occurs much more commonly than 
postoperative AKI in the rest of the surgical pop-
ulation with normal preoperative renal function 
[57–59]. Several studies have shown an associa-
tion between pre-LT MELD score and post-LT 
AKI [2, 3, 15, 59]. In a retrospective study con-
sisting of more than 600 recipients of liver-only 
transplants, Sanchez et al. [60] demonstrated that 
MELD scores greater than 21 were significant 
predictive indicators of the need for renal replace-
ment therapy after LT. The association between 
MELD score and severe AKI also was demon-
strated by others too. In a retrospective study 
consisting of 153 LT recipients, hepatic encepha-
lopathy, deceased donor liver transplant (com-
pared with living donor transplant), MELD score, 
and intraoperative blood loss were found to be 
independent predictive factors for postoperative 
continuous renal replacement therapy [61]. A 
more favourable renal outcome was observed 
among LT recipients with hepatocellular carci-
noma (HCC) as the indication for LT. The study 
findings suggest that liver disease severity as 
reflected by high MELD score portends a worse 
renal prognosis. LT recipients with HCC gener-
ally had preserved liver function and a lower 
MELD score than LT recipients with end-stage 
liver disease. However, the impact of pre-LT AKI 
on prevalence of post-LT AKI stills needs to be 
made clear. Of note, Hilmi et al. found that nei-
ther age, baseline renal function, nor the majority 
of intraoperative variables were associated with 
the development of early post-LT AKI. She fur-
ther clarified that female sex, high Child–Pugh 
score high MELD without renal dysfunction and 
other factors were associated with higher inci-
dence of post-LT AKI [48].

40.9  Strategies to Reduce Pre- 
transplantation Risk Factors

Every effort should be made to prevent or mini-
mize the risk of developing pre-transplantation 
AKI or HRS. Suggested predictive and precipi-
tating factors for the development of HRS and 
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proposed preventive measures are given in 
Table  40.3. The potential benefits of diuretics, 
lactulose, contrast dye exposure, nephrotoxic 
medications, and nonsteroidal anti-inflammatory 
drugs must be balanced carefully against the risk 
of precipitating HRS. Large-volume paracentesis 
in patients with severe hypoalbuminemia or asci-
tes without peripheral oedema has been sug-
gested to increase the risk for the development of 
acute volume depletion and potential HRS.  In 
such cases, the use of albumin has been strongly 
advocated. In general, albumin has been sug-
gested to be more effective and safer than artifi-
cial plasma expanders in the prevention of 

circulatory dysfunction [62]. Albumin adminis-
tration is also recommended in patients with 
spontaneous bacterial peritonitis along with anti-
biotics to reduce the mortality and risk of 
HRS. Infections other than SBP should be treated 
with antibiotics as infections notorious as to 
jeopardize the renal function in cirrhosis. Another 
drug frequently used to prevent renal dysfunction 
in cirrhosis is N-acetylcysteine. Though several 
studies has found no role in improving renal 
function, but one of studies has demonstrated that 
death due to HRS was lower in patients who 
received N-acetylcysteine.

40.9.1  Studies Evaluating the Effect 
of Terlipressin in HRS

Terlipressin is a vasopressin analogue that can 
improve hemodynamic and GFRs in patients 
with HRS when given with albumin. In early 
studies, it demonstrated utility when used as a 
bridge to maintain renal function until liver trans-
plantation [63]. Maximum dose of terlipressin 
can be up to 2 mg/4 h and continuous infusion is 
preferred over boluses to avoid dose related com-
plications. Results of the REVERSE study dem-
onstrated that terlipressin plus albumin was more 
effective than albumin alone in improving renal 
function in patients with cirrhosis and type 1 
HRS. A significant decrease in SCr from baseline 
to end of treatment was observed among terlip-
ressin versus placebo treated patients. SCr 
decreased by 1.1 mg/dL in the terlipressin com-
pared with 0.6 mg/dL in the placebo-treated 
groups, respectively (p < 0.001) [64]. In a pro-
spective, randomized, open-label study of 200 
cirrhotic patients with SBP and bilirubin exceed-
ing 4 mg/dL or creatinine exceeding 1 mg/dL, 
Salman et  al. [65] demonstrated no significant 
difference in renal impairment or mortality 
among patients randomized to receive albumin (n 
= 50), terlipressin (n = 50), low-dose albumin + 
terlipressin (n = 50), or midodrine (n = 50). 
Terlipressin alone or terlipressin in combination 
with low-dose albumin was associated with 
improvement in systemic, renal, and splanchnic 
haemodynamics. Terlipressin and albumin + ter-

Table 40.3 Predictive and precipitating factors for the 
development of hepatorenal syndrome and proposed pre-
ventive measures

Predictive and 
precipitating factors Management of HRS
Predictive factors
   •  Hyponatremia 

<133 mEq/L
   •  High MELD score
   •  Arterial 

hypotension (mean 
arterial pressure 
<85 mmHg)

   •  Elevated 
neurohormones

    –  Plasma renin 
activity

    –  Aldosterone
    –  Norepinephrine 

levels
Precipitating factors
   •  Poor cardiac 

output (<6.0 L/
min)

   •  Elevated intrarenal 
resistive index

   •  Infections 
(bacterial infection, 
predominantly 
SBP)

   •  Large volume 
paracentesis 
without albumin 
support

   •  Acute alcoholic 
hepatitis

   •  +/− 
Gastrointestinal 
(GI) bleed

Avoid further renal damage
   •  Discontinue 

nephrotoxic medication
Reverse hypovolemia
   •  Discontinue diuresis
   •  Volume resuscitation
Albumin 1 g/kg on day 1 
followed by 20–40 g/day þ 
splanchnic vasoconstrictors
   •  Norepinephrine 

infusion to increase 
mean arterial pressure 
>10 mmHg or

   •  Midodrine: up to 
15 mg orally/8 hours þ 
octreotide 200 mg 
SQ/8 h or

   •  Vasopressin or
   •  Terlipressin: 1–2 

mg/4–6 h for 
maximum of 14 days

Renal replacement therapy
Transjugular intrahepatic 
portosystemic shunt (TIPS)
Liver transplantation
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lipressin were associated with decreased cardiac 
output and portal flow, and increased systemic 
vascular resistance compared with albumin after 
3 and 10 days. It was concluded that terlipressin 
and low-dose albumin + terlipressin may be a 
reasonable therapeutic alternative to standard- 
dose albumin in high-risk SBP patients. Reversal 
of HRS can be achieved in more than 60% of 
patients with the use of terlipressin and albumin 
[66, 67]. However, relapse after discontinuation 
of therapy is not uncommon and even significant 
proportion of responders develop post-transplant 
AKI and CKD [66]. Further studies are needed to 
validate the utility of terlipressin in AKI among 
cirrhosis.

40.9.2  Role of Nonpharmacological 
Therapies

The provision of RRT is not straight forward in 
the context of ESLD and decision should be 
made on clinical grounds. There is paucity of 
prospective randomized trials demonstrating a 
survival benefit with RRT. The decision to initi-
ate RRT in this population must include consid-
eration of the reversibility of the renal failure 
and the likelihood of LT, in addition to the 
degree of severity of AKI. Though optimal tim-
ing of RRT initiation remains a topic of much 
debate, meta- analyses examining the timing of 
initiation of RRT [68–70], have suggested that 
earlier initiation of RRT in patients with AKI 
may have a  beneficial impact on survival. In 
patients deemed appropriate for the initiation of 
RRT, several modalities can be considered, spe-
cifically, continuous RRT (CRRT) and conven-
tional HD.  Although there is no prospective 
evidence to demonstrate the advantage of one 
modality over the other, CRRT carries the 
advantage of improved cardiovascular toler-
ance, which is particularly relevant in patients 
with ESLD due to vulnerability to hemody-
namic decompensation.

The use of trans-jugular intrahepatic portosys-
temic shunt (TIPS) and extracorporeal liver sup-
port therapy in the treatment of HRS is not well 
established. One uncontrolled study that looked 

at the long-term effects of a TIPS in non- 
transplantable patients with HRS suggested an 
improvement in renal function and a possible sur-
vival advantage [71]. Using a TIPS in addition to 
pharmacotherapy has been found to enhances the 
improvement in renal function, reduces ascites, 
and helps in cases in which patients relapsed after 
medical therapy [72–74]. The TIPS carries risk of 
post-procedure hepatic encephalopathy and other 
complications therefore, the balance between 
risks and benefits should be taken into consider-
ation. The TIPS is absolutely contraindicated in 
patients with severe pulmonary hypertension and 
congestive heart failure [75]. The use of MARS 
may play some role in improving renal function 
in patients with HRS; however, evidences are not 
convincing [76].

40.9.3  Role of Simultaneous Liver 
and Kidney Transplant

SLK transplantation may be needed among 
patients with ESRD with cirrhosis and symptom-
atic portal hypertension, but more often required 
for patients who are listed for LT and have con-
comitant renal dysfunction or injury. Guidelines 
and policies towards SLK transplantation are 
described in Table 40.4.

Patients with ESLD receiving kidney trans-
plant have higher 10-year survival rates than 
those maintained on dialysis [77]. The frequency 
of SLKT has increased dramatically in the 
MELD era, with changes in organ allocation 
policies. There has been increase in absolute 
numbers of donor kidneys diverted to the SLK 
pool from 138  in 2000 to 738  in 2016 as anal-
ysed using the latest UNOS dataset. The benefits 
of simultaneous liver and kidney transplant must 
be weighed against the potential for longer wait 
times [78]. Overall, liver transplant alone is 
likely sufficient for patients with type 1 HRS for 
less than 4 weeks, and SLKT is recommended 
for those with HRS at risk of nonrecovery of 
renal function [79]. Presently, there is a lack of 
hard evidence to guide us, so it is important to 
approach this issue in a thoughtful and system-
atic way (Table 40.5).

40 Postoperative Renal Dysfunction in Recipient



538

Table 40.5 Summary of postoperative risk factors for renal dysfunction in LT recipients and treatment strategies

Time period post-OLT
Risk factors for renal 
dysfunction Treatment strategies

AKI in the immediate 
postoperative period

Sepsis •  Maintenance of MAP >65 mmHg
•  Optimal antimicrobial therapy with renal dose adjustment, 

avoiding nephrotoxic drugs
•  Need for postoperative RRT

Graft dysfunction •  Perioperative strategies to reduce IR injury
•  Role of machine perfusion in marginal grafts
•  Postoperative plasmapheresis

Acute CNI 
nephrotoxicity

•  Induction immunosuppression with Basiliximab/ATG and 
delayed introduction (POD 4–6) of CNI

•  Reduced dose Tacrolimus (target trough levels <8 ng/ml)
Postoperative blood 
transfusion

•  Point of care haemostasis testing and guided judicious blood 
component therapy, avoiding overtransfusion

Persistent AKI and 
progress to CKD (first 
6 months)

Chronic CNI 
nephrotoxicity

•  Reduced dose Tacrolimus with MMF
•  Tacrolimus minimization and switch to Everolimus (1–3 months 

post-LT)
Hypertension •  Target BP <140/90 mmHg

•  Target BP <130/80 mmHg in those with DM and/or proteinuria
•  ACE inhibitors/ARBs preferred for long-term renoprotection

CKD (> 6 months to 
years after OLT)

CNI toxicity •  CNI minimization (levels <5 ng/ml) plus MMF
•  CNI withdrawal and switch to mTOR inhibitors (results variable 

if switched >2 years post-LT)
DM •  Target HBA1c <7%

•  Insulin/oral hypoglycaemic agents
•  Dietary and lifestyle modifications
•  Early reduction in steroid dosing

HCV recurrence •  Target: achieving SVR with DAAs (e.g., sofosbuvir), interferon-
free regimens preferred

Dyslipidemia •  Target LDL <100 mg/dl, Triglyceride <250 mg/dl
•  Hydrophilic statins (Pravastatin/Fluvastatin) preferred
•  Early referral to Nephrology team in recipients with progressive 

CKD
•  Renal biopsy to find the aetiology and directed therapy instead 

of empiric changes in immunosuppression

Table 40.4 Published guidelines and policies towards simultaneous liver and kidney transplantation

OPTN 
Policy 
3.5.10 
2009

   •  CKD with dialysis need
   •  CKD (GFR less than 30 mL/min and proteinuria >3 g/day)
   •  Sustained AKI with dialysis need for 6 weeks or longer (dialysis at least twice per week)
   •  Sustained AKI with GFR less than 25 mL/min for 6 weeks or more but not on dialysis
   •  Metabolic disease

Nadim 
et al. [79]

   •  Persistent AKI more than 4 weeks with one of the following
    – Increase in serum creatinine more than threefold from baseline or on dialysis
    – GFR less than 35 mL/min (MDRD-6) or less than 25 mL/min (iothalamate)
   •  CKD more than 3 months with one of the following
    – Estimated GFR less than 40 mL/min (MDRD-6) or less than 30 mL/min (iothalamate)
    – Proteinuria more than 2 g/day
    – Kidney biopsy showing >30% glomerulosclerosis or >30% interstitial fibrosis

Formica 
et al. [80]

   •   CKD: estimated GFR of <60 mL/min for >90 days prior to listing and an estimated GFR of <35 
mL/min at the time of listing

   •   Sustained AKI: a combination of dialysis and estimated GFR <25 mL/min for 6 consecutive 
weeks’ duration

   •  Metabolic disease
   •  Safety net for kidney after liver transplantation
   •  Regional sharing of kidney for SLK with high MELD score
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40.10  Intraoperative Risk Factors

Liver transplantation is high-risk surgery with a 
significant risk of hypotension, tissue hypoperfu-
sion and blood loss, which are known risk factors 
for postoperative AKI [81]. Blood loss is not 
uncommon during liver transplant especially dur-
ing dissection phase. Several studies have shown 
strong relationship between post-LT AKI and the 
amount of blood loss or perioperative red blood 
cell (RBC) transfusions, which is frequently used 
as surrogate marker of blood loss [82, 83]. 
Intraoperative hemodynamic instability largely 
represented by blood loss, vascular clamping, 
ischemia–reperfusion injury, and the use of vaso-
pressors is an important complication during LT 
that contributes to the development of AKI after 
LT and has a negative impact on patient outcomes 
[61, 84, 85]. The duration of intraoperative hypo-
tension and the length of anhepatic time are key 
predictors for immediate post-LT AKI [86]. 
Clamping of the portal vein and cross clamping 
of inferior vena cava (IVC) during the anhepatic 
phase compromises the venous return from the 
lower extremities and splanchnic bed and may 
result in decreased cardiac output and blood pres-
sure, increased systemic vascular resistance, and 
reduced perfusion to vital organs. The latter may 
lead to renal hypoperfusion and potential isch-
emic kidney injury. Although venovenous bypass 
(VVB) has been shown to improve or restore nor-
mal hemodynamic physiology during the anhe-
patic phase, the use of VVB has not been shown 
consistently to decrease the incidence of periop-
erative or early postoperative AKI [87, 88]. In 
one single-centre study, the degree of renal dys-
function (assessed by inulin clearance) measured 
at various perioperative periods (anaesthesia 
induction, hepatectomy, anhepatic phase, biliary 
anastomosis, and 24 h after surgery) was not sig-
nificantly different between LT recipients ran-
domized to receive VVB support or no VVB 
support at any time point, with the exception of 
the anhepatic phase, which demonstrated a more 
marked renal function impairment in patients 
without VVB support. Nevertheless, renal func-
tion on postoperative day 7 and the need for HD/
hemofiltration during the first week were similar 

in both groups. Multivariate analysis revealed 
that low mean arterial pressure at anaesthesia 
induction was an independent risk factor for early 
postoperative severe AKI [88]. Vena cava-sparing 
technique (piggy back technique) avoids com-
plete IVC clamping for caval anastomosis, hence 
preservation of caval flow during the entire pro-
cedure maintains venous return thus reduces the 
risk of hemodynamic instability and prevents 
congestion of the kidneys [89]. Cabezuelo et al. 
[90], showed that, compared with the standard 
surgical technique (with or without VVB), the 
piggyback technique significantly reduces the 
probability of AKI after liver transplantation. It is 
speculated that this is partly due to the reduction 
in retroperitoneal blood loss, because the piggy-
back technique. In addition, it permits venous 
return to the heart during the anhepatic phase and 
avoids hemodynamic variation during inferior 
vena cava clamping. In a retrospective study con-
ducted to evaluate the clinical outcome of three 
different surgical techniques, including retro- 
hepatic caval resection (RCV) with VVB (RCV + 
VVB; n = 104), piggyback without VVB 
(PB-only; n = 174), Sakai et  al. [91] similarly 
demonstrated a lower incidence of AKI (p = 
0.0001) and better patient and graft survival in 
the PB-only group.

The ischemia-reperfusion injury during reper-
fusion phase of liver transplantation is known for 
its risk of severe hemodynamic instability. 
Following reperfusion of the graft, most patients 
develops some degree of hypotension which can 
last for more than minutes, but usually resolves 
within 30–60  min. This phenomenon has been 
termed the postreperfusion syndrome (PRS) [92, 
93]. Several studies have demonstrated that PRS 
is an independent risk factor for post-LT 
AKI. Moreover, in a large retrospective cohort of 
DBD LT and LDLT, the decrease in blood pres-
sure after reperfusion correlated well with both 
post-LT AKI severity.

Perioperative fluid management during LT has 
been linked to high prevalence of post-LT 
AKI.  Use of the colloid solution hydroxyethyl 
starch (HES) [94, 95] in fluid resuscitation in 
sepsis and critically ill patients, was associated 
with an increased need for RRT compared to the 
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use of crystalloids. In a smaller retrospective 
study of LT recipients the use of HES was also an 
independent risk factor for post-LT AKI. However, 
there is an increasing concern that high-chloride- 
containing crystalloids fluids, like normal saline, 
can cause hyperchloremic acidosis, which subse-
quently may impair renal blood flow and provoke 
AKI [96].

In his observational study among 158 LT 
patients Nadeem et al. concluded the same. After 
stepwise multivariate regression, administration 
of greater than 3200 ml of chloride-liberal fluids 
(HR 6.25, 95% CI 2.69–14.5, P <0.000) remained 
significant predictors for post-LT AKI [97]. 
Another small study indeed showed that both the 
infusion of large amounts of colloid fluids and 
high-chloride containing crystalloid fluids was 
associated with post-LT AKI [98].

Although large, prospective clinical trials are 
lacking, it is conceivable that intraoperative risk 
factors for the development of perioperative and 
early postoperative AKI in LT are similar to those 
in other surgical settings. These may include an 
anaesthesia induced decrease in effective blood 
volume, pre-existing cardiovascular disease or 
severe cardiomyopathy, prolonged episode of 
hypotension, severe intravascular volume deple-
tion, and uses of drugs that can adversely affect 
intrarenal haemodynamic. In this respect, hemo-
dynamic instability associated with a prolonged 
anhepatic phase and major bleeding during hepa-
tectomy potentially can predispose patients 
undergoing LT to postoperative AKI.

40.11  Strategies to Reduce 
Intraoperative Risk Factors

Evidence-based intraoperative interventions to 
prevent or ameliorate AKI post-LT are not much. 
Nonetheless, management of coagulopathy, con-
trol of bleeding during surgery, judicious use of 
blood and blood product, careful attention to 
management of fluid and electrolytes, and avoid-
ance of hypotensive episodes remain mainstay 
towards protection the kidneys from intraopera-
tive injury.

Whether the use of the piggyback technique, 
as opposed to the standard surgical technique 
(with or without VVB), significantly reduces the 
probability of AKI after liver transplantation 
remains speculative. In recent years, most centres 
advocate the use of piggyback alone without 
VVB with favourable results.

The 2013 Cochrane review showed a lack of a 
reno-protective effect of various pharmacologic 
agents and surgical techniques. The pharmaco-
logic measures include dopamine and its ana-
logues, diuretics, calcium channel blockers, ACE 
inhibitors, N-acetylcysteine, atrial natriuretic 
peptide, sodium bicarbonate, antioxidants, and 
erythropoietin. It was also noticed that there is no 
reliable evidence from the available literature to 
suggest that interventions during surgery can pro-
tect the kidneys from damage [99].

40.12  Postoperative Risk Factors

Factors that have been shown to cause or predis-
pose LT recipients to postoperative AKI, particu-
larly ATN, include ischemic or toxic insult to the 
kidneys, prolonged hypotension, sepsis, sus-
tained prerenal AKI, the use of nephrotoxic 
drugs, contrast nephropathy, delayed liver graft 
function or primary graft nonfunction or small 
for size syndrome, and postreperfusion syndrome 
or ischemia-reperfusion injury. It is suggested 
that reactive oxygen species such as superoxide 
anion, hydrogen peroxide, and hydroxyl radical 
released by donor livers with prolonged warm 
ischemia time play a contributory role in the 
development of AKI [100]. It has been shown 
that hypoalbuminemia, a common finding in liver 
transplant patients with severe cirrhosis, has been 
associated with the development of AKI [101]. 
However, the administration of albumin failed to 
show any benefit on the outcome of AKI. Other 
suggested predictive factors include prolonged 
treatment with dopamine or vasopressors, repeat 
laparotomy, intraabdominal hypertension, and 
perioperative volume of transfused blood prod-
ucts. The introduction of cyclosporine or tacroli-
mus in the post-transplantation period may 
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exacerbate further renal dysfunction. Finally, 
polypharmacy, and specifically the use of multi-
ple antibiotics, may contribute to postoperative 
AKI because of drug-induced tubulointerstitial 
nephritis.

40.12.1  Strategies to Reduce 
Postoperative Risk Factors

Bleeding and infectious complications in the 
perioperative period should be sought and treated 
aggressively. The use of contrast studies or neph-
rotoxic drugs should be minimized or avoided.

Therapeutic approaches in the postoperative 
period should be modified in patients with pre- 
existing HRS or pre-transplantation renal dys-
function. The cornerstone of postoperative 
immunosuppression in LT involves the use of 
CNI.  The nephrotoxicity associated with CNI 
therapy has both acute and chronic effects. The 
following section presents an overview of the lit-
erature on the use of various immunosuppressive 
strategies to prevent postoperative AKI.

40.13  Early Renal Protection 
Strategies Post-OLT (0–6 
Months)

Calcineurin inhibitors (tacrolimus, cyclosporine) 
are the cornerstone of immunosuppression fol-
lowing OLT and have resulted in improved graft 
survival over the last few decades. The standard 
immunosuppression regimens followed in most 
transplant centres include methylprednisolone 
(started on POD 0), mycophenolate mofetil 
(MMF), and tacrolimus (started on POD 1–2). 
However, acute CNI nephrotoxicity, superim-
posed on other risk factors for postoperative AKI, 
can lead to significant renal dysfunction in the 
first month after OLT. CNI-sparing immunosup-
pression strategies are the key to renal protection 
in the early weeks to months after transplant.

40.13.1  Induction Therapy to Delay 
CNI Initiation

Recipients at high risk of post-OLT AKI and sub-
sequent progression to CKD are candidates for 
induction therapy with polyclonal or monoclonal 
antibodies so as to facilitate delayed initiation of 
CNIs. The International Liver Transplantation 
Society (ILTS) Consensus Statement on immu-
nosuppression (2018), formulated by an eminent 
global panel of transplant surgeons, hepatolo-
gists, nephrologists, and pharmacologists, also 
strongly recommend antibody induction regi-
mens to delay CNI initiation in patients with 
renal insufficiency [102].

40.13.2  Polyclonal Induction 
Therapy with Anti- 
thymocyte Globulin (ATG)

Induction immunosuppression with ATG to allow 
delayed tacrolimus initiation after OLT has been 
investigated by few researchers. Iglesias et  al. 
analysed the UNOS database of 1720 LT recipi-
ents with pre-transplant renal dysfunction and 
identified the predictors of renal recovery post-
 LT in these patients [103]. ATG induction with 
delayed introduction of tacrolimus in the first 
week after OLT was associated with 2.2-fold 
increase in recovery of renal function compared 
to patients not receiving ATG.  Similarly, ATG 
induction (short-term) along with steroids and 
MMF followed by delayed tacrolimus initiation 
till postoperative day 4 or 5 was associated not 
only with fewer rejection episodes but also 
improved renal parameters at discharge and at 
1-year post-OLT [104, 105]. The safety issues 
that need to be addressed with induction immu-
nosuppression include risk of infections and 
post-transplant malignancies. ATG induction 
therapy was not found to be associated with over-
all increased infections including cytomegalovi-
rus infections and risk of malignancy. However, 
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the Asian Liver Transplant Network guidelines 
(2019) on immunosuppression in LT recipients 
recommend that ATG induction is associated 
with more leukopenia and worse adverse effect 
profile compared to induction with IL-2 receptor 
antibodies [106].

40.13.3  Monoclonal Antibody 
Induction Therapy 
(Daclizumab, Basiliximab)

Monoclonal antibodies targeting IL-2 receptor 
(e.g., Daclizumab) have also been utilized as 
induction immunosuppression in OLT recipients 
in order to allow delayed introduction of tacroli-
mus. Renal functional improvement with this 
regimen (daclizumab induction, steroids, MMF, 
and delayed low-dose tacrolimus starting from 
POD4-6) was validated for 1, 6, and 12 months 
post-transplant in Canadian as well as European 
(ReSpECT Study) multicentric prospective ran-
domized trials [107, 108]. However, owing to 
unfavourable adverse effect profile, Daclizumab 
has been withdrawn from both US and European 
markets in the last 2–3 years.

Basiliximab (anti IL-2 receptor antibody) has 
been utilized as steroid-sparing induction immu-
nosuppressant agent in paediatric OLT recipients. 
It is now also being used in adult OLT recipients 
with renal dysfunction to allow delayed introduc-
tion of tacrolimus so as to minimize acute CNI 
nephrotoxicity [109]. It has been associated with 
better renal function and less need for renal 
replacement therapy in the early postoperative 
period [102].

40.14  Reduced CNI Exposure

40.14.1  MMF Plus Reduced Dose 
Tacrolimus

MMF (1–2 g/day) has been utilized in the early 
postoperative period with reduced tacrolimus 

dose (target trough levels <10 ng/ml for the first 4 
weeks followed by trough levels <8 ng/ml for the 
next few months) in patients with pre-OLT renal 
dysfunction so as to minimize the acute nephro-
toxic effects of CNIs. This strategy has led to 
lesser decline of the renal function not only in the 
immediate postoperative period but also till the 
first year after OLT without increased rejection 
episodes [110, 111]. Leucopenia, thrombocyto-
penia, GI disturbances occur more frequently in 
patients receiving higher doses of MMF.

40.14.2  Use of mTOR Inhibitors 
(Sirolimus/Everolimus)

The inclusion of mammalian target of rapamycin 
(mTOR) inhibitors in the immunosuppression 
regimen to reduce CNI exposure has been found 
to be beneficial in terms of renal function post- 
OLT. De novo use of Sirolimus immediately after 
OLT, as a substitute to tacrolimus, however, is not 
recommended because of a high incidence of 
graft loss and hepatic artery thrombosis [112].

Early switch from CNI based therapy to siroli-
mus plus MMF (1–3 months after OLT), instead 
of de novo use, may lead to significant improve-
ment in renal function in long-term survivors. 
This has been validated in many prospective tri-
als including the multicentric Spare-the-Nephron 
Liver trial with no differences in patient and graft 
survival [113, 114]. The limitation of this renal 
sparing strategy is the increased risk of acute 
rejection in the early months after transplant.

EVR is a hydroxyethyl derivative of sirolimus 
with faster absorption, shorter half-life and a 
twice daily dosing schedule. Early introduction 
of everolimus 1 month after OLT in combination 
with low-dose tacrolimus to minimize irrevers-
ible CNI nephrotoxicity has been found to 
improve renal function up to 3 years after trans-
plant [115]. However, complete withdrawal of 
tacrolimus in early months after OLT is not rec-
ommended in view of increased episodes of 
rejection and graft loss.
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40.15  Factors Affecting Renal 
Function in Long-Term 
Survivors

Chronic kidney disease progressing to ESRD in 
LT recipients is second most common among 
other nonrenal solid organ transplant recipients 
(commonest in intestinal transplant recipients) 
[116]. The incidence of CKD following OLT var-
ies from 10% to 45% depending on the cut-off 
chosen by the different investigators and varied 
duration of follow-up [116–118]. Creatinine- 
based equations, used by most of these research-
ers, tend to overestimate the GFR in post-OLT 
patients. Allen et  al. used measured GFR by 
iothalamate clearance to determine the preva-
lence of renal dysfunction after OLT [117]. At 25 
years after OLT, 9% required renal transplant 
while 7%, 21%, and 18% had measured GFR 
>60, 59–30, and <30 ml/min/1.73m2 respectively. 
The mortality risk increased exponentially in 
patients with mGFR <30 ml/min (Hazard ratio 
2.67).

Sharma et al. proposed a three-hit model for 
the development of CKD after LT [119]. The 
 preoperative renal dysfunction in cirrhotics (e.g., 
HRS) constitute the first hit while the intraopera-
tive risk factors (donor factors and surgical fac-
tors, as mentioned already) render the second hit 
to the renal function. The third hit to the kidneys 
leading to postoperative AKI and eventually 
CKD is due to the calcineurin inhibitor (CNI) 
nephrotoxicity and other risk factors like diabe-
tes, dyslipidemia, hypertension, etc. The decline 
in renal function post-OLT is biphasic. The first 
phase, seen in the first 3–6 months, is character-
ized by a sharp decline in GFR and is attributed 
predominantly to the acute nephrotoxicity of the 
immunosuppressants, particularly the CNIs. The 
second phase is more gradual but persistent lead-
ing to the development of CKD over 1–5 years 
following transplant. The renal protection strate-
gies post-OLT, therefore, can be stratified accord-
ing to the risk factors prevalent in the early and 
the late post-transplant periods.

40.16  Renal-Sparing Strategies 
(Long Term, >6 Months 
Post-OLT)

40.16.1  CNI Minimization/
Withdrawal

Chronic CNI nephrotoxicity is the most common 
cause of CKD in LT recipients. It is related to 
dose as well as duration of therapy post- 
transplant. It is characterized pathologically by 
striped interstitial fibrosis, tubular damage and 
arteriolar hyalinosis [120].

The American Society of Transplant (Liver 
and Intestine) expert panel recommended that 
tacrolimus, in reduced dose, is essential for the 
immunological graft protection in the first year 
after transplant [121]. In patients with CKD post- 
OLT attributable to CNI toxicity, early initiation 
of everolimus (<1 year) in combination with 
reduction and subsequent withdrawal of CNI 
may be beneficial [122]. Adverse effects like 
impaired wound healing, dyslipidemia, protein-
uria should be kept in mind while initiating 
mTOR inhibitors. Withdrawal of CNIs should be 
done in selected patients with no episodes of 
recent rejection in last 4–8 weeks. Late switch 
(>1 year post-OLT) from CNIs to MMF/mTOR 
inhibitors should be done in an individualized 
manner based on the benefit in terms of improve-
ment in GFR and risk of increased rejection 
episodes.

40.16.2  Role of Renal Biopsy

CNI nephrotoxicity is not the only risk factor for 
CKD in long-term survivors post-OLT.  Many 
patients progress to CKD despite reduced dose 
CNI within few months after transplant. Hence 
further reduction of CNI or switch to everolimus 
might not lead to halting the progression of CKD 
and, rather, might as well be associated with 
increased rejection episodes. Patients with dete-
riorating renal function or developing proteinuria 
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after OLT should undergo a renal biopsy to con-
firm the aetiology [123]. It has been found to be a 
safe procedure (ultrasound guided percutaneous/
transjugular route) and provides an array of infor-
mation pertinent to management of CKD. Apart 
from the characteristic histologic findings of CNI 
toxicity, the renal biopsy may point towards other 
causes such as hypertension, diabetic nephropa-
thy, HCV-associated membranoproliferative 
nephritis, amyloidosis, IgA nephropathy, etc. 
Management strategies targeted towards the spe-
cific aetiology might be better individualized 
according to the biopsy findings thereby avoiding 
empiric changes in immunosuppression.

40.16.3  Modification of Risk- Factors 
Other Than CNIs

Hypertension, diabetes mellitus, HCV recur-
rence, and dyslipidemia have been demonstrated 
to be independent risk factors for CKD in liver 
transplant recipients. Proper management of 
these modifiable risk factors may be useful to the 
progression of CKD in these patients [124].

40.16.3.1  Hypertension
Hypertension is a common long-term postopera-
tive complication in OLT recipients owing to the 
use of steroids and CNIs. Dihydropyridine cal-
cium channel blockers (Amlodipine, nifedipine) 
are the first line antihypertensive in the immedi-
ate postoperative period because of induced renal 
vasodilation. ACE inhibitors and ARBs (angio-
tensin receptor blockers) are the preferred agents 
for long-term management of hypertension in 
CKD post-LT and diabetic patients because of 
their renoprotective properties [102]. They are 
usually avoided in the first month after OLT and 
in patients with AKI.

40.16.3.2  Diabetes Mellitus
New onset diabetes after transplant (NODAT) 
and pre-existing DM are strong predictors of 
CKD in LT recipients. HbA1c screening should 

be done at 3, 6, and 12 months post-transplant in 
all patients and annually thereafter. Lifestyle 
modification, diabetic diet, minimization of corti-
costeroids, and CNIs are critical to optimum gly-
caemic control along with pharmacotherapy 
(insulin and oral hypoglycaemics). There is not 
enough evidence in favour of or against newer 
oral hypoglycaemic agents in post-LT setting.

40.16.3.3  Dyslipidemia
Dyslipidemia is common after LT, as an adverse 
effect of immunosuppressant medications (ste-
roids, CNIs and mTOR inhibitors). Fluvastatin 
and Pravastatin are preferred treatment options 
because of fewer drug interactions with CNIs 
[102]. Lipid profile should be advised at 3 and 6 
months post-transplant in all patients and annu-
ally thereafter. Fish oil, fibric acid derivatives, 
and avoidance of sirolimus are recommended for 
the management of hypertriglyceridemia in these 
patients.

40.16.3.4  Management of HCV 
Recurrence

Recurrence of HCV infection is common post- 
OLT and is an established risk factor for renal 
function impairment and progression to 
CKD.  The mechanism of HCV induced renal 
injury includes predominantly cryoglobulinemia 
related immune complex deposition and mem-
branoproliferative glomerulonephritis. Sustained 
virological response using DAA (direct acting 
antivirals) like sofosbuvir has been demonstrated 
to prevent worsening of renal function in post- 
transplant patients compared to interferon-based 
regimens [125, 126].

40.16.3.5  Referral to Nephrology
Liver transplant recipients should receive 
nephrology consultation in the following circum-
stances: (1) acute decline in GFR detected on 
follow-up (20 GFR <30 ml/min), (2) Urine albu-
min >300 mg/24 h, (3) CKD with refractory 
hypertension or hyperkalaemia, and (4) RBCs > 
20/high power field on urine microscopy.
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40.17  Conclusion

This chapter emphasizes current knowledge as 
well as knowledge gaps, including the need for 
efforts to more optimally evaluate and improve 
renal function in LT recipients. AKI is common 
after LT, whereas CKD increase in incidence 
in long-term survivors who often have excel-
lent function of their allograft. Identifying the 
risk factors for renal dysfunction and develop-
ing strategies to prevent, halt, or ameliorate 
renal function should be an integral part of 
management of LT candidates and recipients. 
Perioperative and immediate postoperative 
nephroprotective strategies are not well devel-
oped and need to move beyond delaying CNI 
therapy for a few days post-LT.  Preventing 
intraoperative AKI and eliminating CNI ther-
apy with novel immunosuppressive agents 
would likely improve post-LT GFR the great-
est; however, prospective randomized trials are 
needed. However, manipulation of immunosup-
pressive therapy such as CNI minimization or 
withdrawal in the face of severe acute kidney 
injury may be futile. The added risks of acute 
rejection should be weighed carefully against 
the benefits. Furthermore, once CKD has set in 
>1 year post- LT, there are no known immuno-
suppressive modifications that reliably improve 
GFR. Recipients of SLKT may not be fully pro-
tected from renal dysfunction and can experi-
ence chronic immunologic injury and other 
renal injury events. Given the increasing SLKT 
population, novel immunosuppressive strategies 
and approaches more similar to those of kidney 
transplant only recipients need to be evaluated. 
There are promising biomarkers of renal injury 
available for study to detect early AKI, which 
may ultimately lead to targeted strategies to 
avert significant postoperative renal injury and 
CKD.

Keynotes
 1. Pretransplant renal dysfunction and pre- 

existing HRS are well-established risk 
factors for post-transplant AKI.  The 

potential benefits of diuretics, lactulose, 
contrast dye exposure, or nephrotoxic 
medications must be used judiciously 
against the risk of precipitating AKI.

 2. In large volume paracentesis, albumin 
infusion is recommended. In the setting 
of SBP, albumin infusion is recom-
mended as a treatment modality.

 3. Intraoperative risk factors for the devel-
opment of perioperative AKI are likely 
similar to those in nontransplant set-
tings. Aggressive control of intraopera-
tive bleeding, management of fluid and 
electrolyte abnormalities, minimizing 
IR injury, and avoidance of hypotensive 
episodes are imperative in the perioper-
ative period.

 4. Post-transplant AKI is likely multifac-
torial and may include ischemic or toxic 
insult to the kidneys, prolonged hypo-
tension, sepsis, sustained prerenal AKI, 
and the use of CNI or other nephrotoxic 
drugs. Bleeding and infectious compli-
cations should be treated promptly and 
aggressively.

 5. Monoclonal or polyclonal antibody 
induction and delayed and reduced CNI 
exposure in a regimen may improve 
renal function without increased rejec-
tion risk or graft loss. The use of CNI 
sparing protocols in patients with pre- 
existing HRS or pre-transplant renal 
dysfunction should be individually 
tailored

 6. The use of CNI sparing protocols in 
patients with pre-existing hepatorenal 
syndrome or pre-transplant renal dys-
function should be individually tailored 
but need to balance against unaccept-
able acute rejection rates and graft loss.

 7. Preventing intraoperative AKI and 
eliminating CNI therapy with novel 
immunosuppressive agents would likely 
improve post-LT GFR the greatest No 
known immunosuppressive modifica-
tions that reliably improve GFR.
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41Immunosuppression

Jayshri A. Shah

41.1  Introduction

Liver transplantation (LT) is the main treatment 
option for patients with end stage liver disease. 
When a solid organ such as liver is transplanted 
from donor to recipient, the recipient identifies 
the organ as foreign body and mounts an immune 
response against it causing graft rejection and 
subsequently loss of graft function in the recipi-
ent. Since the inception of liver transplantation in 
1963, numerous immunosuppressive agents have 
become available to help improve outcomes of 
liver transplant recipients [1]. New agents have 
evolved over last few decades with better side- 
effect profiles, but calcineurin inhibitors (CNI) 
continue to remain the backbone for immunosup-
pression. Despite all advances, the challenges 
remain to maintain optimal level of immunosup-
pression thereby preventing rejection and adverse 
effects associated with the medication.

This review will help understand the journey 
of immunosuppression in liver transplantation. It 
outlines the current choice of immunosuppres-
sive agents in adults, paediatric recipients, man-
agement of complications acute cellular rejection 
(ACR), chronic rejection, complications associ-

ated with immunosuppressive therapy, choice of 
drug in special situations such as pregnancy, hep-
atitis C virus (HCV), hepatocellular cancer, and 
chronic kidney disease. Finally, this review will 
briefly discuss the concept of immunological tol-
erance - and answer the question, can immuno-
suppression be withdrawn post transplant?

41.2  Immunosuppressive Agents

Immunosuppressive agents are required in all 
stages post-LT, the optimal drug, dose may differ 
depending on the phase. The phases of immuno-
suppression are classified as follows: [2–4].

 1. Induction (in early stage): initial immunosup-
pressive regimen used in the first 30 days after 
transplantation when the alloreactivity is very 
high.

 2. Maintenance (in the late phase): is the period 
after 30  days of transplantation and used 
indefinitely thereafter.

 3. Treatment of ACR: is addition of immunosup-
pressive agents when histological diagnosis of 
acute rejection is made (Table 41.1).
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Table 41.1 Shows the timeline with the advances in immunosuppressive medication used post-LT for induction of 
immunosuppression or maintenance of remission

Immunosuppressive Agent Timeline Indication
Pharmacological/non- 
biological agents
    (1) Corticosteroids
      Methylprednisolone
      Prednisolone
    (2) Antimetabolites
      Azathioprine
      Mycophenolate 

(MMF)
      Mycophenolic Acid 

(MPA)
    (3) Calcineurin Inhibitors
      Cyclosporin (CyA)
      Tacrolimus
    (4) mTOR inhibitors
      Sirolimus 

(Rapamycin)
      Everolimus
Biological agents
    (1) T cell depleting
      Monoclonal Anti
      CD3(OKT3)
    Antithymocyte Globulin
      (Horse and Rabbit 

derived)
    (2) Non-T cell depleting
      Basiliximab
      Daclizumab
      Belatacept

1963 to 1976
1963 to 1976
1995
2004
1973
1984
2000
2010
1985 (withdrawn from market 
due to reduced use since 2010)
2000
2000

Induction/maintenance of 
immunosuppression, treatment of ACR
Maintenance of
Immunosuppression
Treatment of rejection
Maintenance of immunosuppression
Maintenance of immunosuppression, 
treatment of rejection, special use in 
malignancy
Induction of immunosuppression
Treatment of steroid resistant rejection

41.3  Classification 
of Immunosuppressive 
Agents Based on Mechanism 
of Action

Early immunosuppression was suboptimal. 
Last few decades have seen an array of novel 
immunosuppressive agents due to recent 
advances in molecular and cellular immunol-
ogy [5, 6]. Specific agents are discussed indi-
vidually below.

41.3.1  Corticosteroids: 
Methylprednisolone/
Prednisolone

Mechanism of Action: Inhibit T cell derived and 
Antigen Presenting cell (APC) cytokine expres-
sion of IL-1, IL-2, IL-3, and IL-6.

Dose: It is variable across LT centres. Bolus of 
500–1000 mg iv of Methylprednisolone adminis-
tered in the first few post-operative days followed 
by rapid taper and switched to oral Prednisolone 
over few days. Prednisolone 40–60  mg/day is 
gradually tapered off over 3–6 months. By 1 year 
after transplant, only 38% remain on the drug. In 
some patients such as those with recurrent ACR, 
autoimmune liver disease, corticosteroids cannot 
be stopped completely and need to be continued 
at a lower dose [7].

The side-effects are summarized in Table 41.2.

41.3.2  Calcineurin Inhibitors 
(CNI):Cyclosporin(CyA), 
Tacrolimus (Tac)

Mechanism of Action: Both CyA and Tac bind 
to cytoplasmic receptors(cyclophilin and 
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Table 41.2 Side-effects seen with corticosteroids

   • Hypertension
   • Fluid retention
   • Hyperglycaemia
   • Impaired wound healing
   • Cataract
   • Mental status changes
   • Myopathy
   • Osteoporosis

Table 41.3 Side-effects of Calcineurin inhibitors

   (a) Side-effects of tacrolimus
    • Diabetes
    • Hyperkalaemia
    • Gastrointestinal, nausea, vomiting
    • Hypertension
    • Tremor
    • Headache
    • Hypomagnesemia
    • Renal dysfunction
   (b) Side-effects of cyclosporin
    • Hypertension
    • Hirsutism
    • Gingival hyperplasia
    • Hyperkalaemia
    • Renal dysfunction
    • Hypomagnesemia

KF-binding protein 12 respectively, the resulting 
complexes Inhibit calcineurin which plays a vital 
role in cytokine activation CNIs are the most 
common choice for immunosuppression across 
LT centres worldwide.

 1. Cyclosporin: Two formulations are available. 
The standard formulation (Sandimmune) 
came first but requires emulsification step and 
therefore has unpredictable bioavailabilty. 
The newer formulation are microemulsion 
preconcentrates(Neoral), lipophilic solvent 
with consistent bioavailability.

CyA initial dose ranges from 10 to 15 mg /
kg/day in two divided doses.

Dose adjustment based on trough level(C0) 
within 24 hours of commencing CyA.

Target Range post-LT.
Week 1–2: 250–350 ng/mL
Week 3–4: 200–300 ng/mL
Week 5–24: 150–250 ng/mL
Week 25–52: 100–200 ng/mL
Recently dose adjustments based on blood 

concentration at 2  h after dose (C2) target 
level 850–1400  ng/mL) appears to correlate 
with C0 monitoring [8].

 2. Tacrolimus(Tac) It is the drug of choice in 
approximately 90% cases of LT, its use has 
been increasing progressively since 1998. Tac 
is 100 times more potent than CyA.  Tac 
Absorption occurs in duodenum but not influ-
enced by the presence of bile unlike CyA.

Dose guidelines - 0.1 to 0.15 mg/kg/day 
orally in divided doses every 12 hourly. It can 
be given sublingual, if patient is unable to take 
orally. Intravenous formulation is available 
but seizures remain a significant risk and 
therefore best avoided. Doses are adjusted 

based on trough level. Therapeutic goals for 
Tac level in the first 4–6 weeks after transplant 
range from 10 to 15  ng/mL and thereafter 
5–10 ng/mL is acceptable.

A meta-analysis including 3813 patients 
showed immunosuppression with Tac reduces 
mortality at 1 and 3  years post-transplant, 
reduced graft loss, reduced rejection, and ste-
roid resistant rejection [9, 10]. Comparison of 
side-effects between the two CNIs are given 
in Table 41.3.

A prolonged release formulation of Tac is 
now available as once daily dosing. The effi-
cacy and safety profile is similar to twice daily 
formulation. This has shown a favourable 
impact on patients who inadvertently forget to 
take medicines, improving compliance and 
adherence to immunosuppression [11–13].

41.3.3  Antimetabolites

Azathioprine (AZA), Mycophenolate mofetil 
(MMF) Mycophenolic acid (MPA) Mechanism 
of action: AZA is a prodrug of 6-mercaptopurine(6-
 MP) inhibits inosine monophosphate 
dehydrogenase(IMPDH), thereby reducing 
purine synthesis, affecting T and B lymphocyte 
proliferation. MMF is rapidly absorbed and 
hydrolysed to form MPA, which is the active 
metabolite.
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 1. Azathioprine:
AZA was one of the first immunosuppres-

sive agents to be used in LT.  Thiopurine 
methyl transferase (TPMT) enzyme is respon-
sible for metabolizing 6-MP leading to over 
accumulation of 6-thioguanine nucleotides 
(TGN). Small number of patients who have 
deficiency of TPMT may not be able to toler-
ate AZA due to severe bone marrow suppres-
sion. Accumulation of 6-methyl 
mercaptopurine (6-MMP) can result in hepa-
totoxicity. TGN level monitoring during treat-
ment and ratio of 6-MMP/TGN may be useful 
but the tests are expensive, complex, and not 
easily available [14].

Dose: 1–2 mg/kg per day.
AZA was used initially as the only immu-

nomodulatory agent for maintenance of 
immunosuppression but later has been admin-
istered as an adjunct to CNI. With advent of 
novel immunosuppressive agents, the role of 
AZA has reduced and been replaced with 
MMF/MPA. However, the evidence of a sig-
nificant benefit in terms of preventing ACR 
using MMF instead of AZA is very poor [15].

 2. Mycophenolate mofetil and Mycophenolic 
Acid:

Dose of MMF: 1 g every 12 h. Taken orally 
(also available as iv formulation).

Dose of MPA: 720–1440 mg daily divided 
into two doses. MPA is also available as an 
enteric coated, delayed release agent (EC- 
MPA) this has been developed to reduce the 
gastrointestinal side-effects by delaying MPA 
release until small intestine [16].

It is usually commenced at lower doses and 
gradually increased to dose that can be toler-
ated. The toxicity is poorly correlated with 
blood level. It is therefore commenced at lower 
doses and gradually increased to a dose that 
can be tolerated. It has high bioavailability and 
monitoring drug level is not usually recom-
mended. Although can be used in some cases.

MMF is used for both treatment and pre-
vention of rejection in combination with 
CNI. It is the second most common immuno-
suppressant used at the time of discharge from 
transplantation. As it does not have any renal 

toxicity, numerous studies have demonstrated 
the benefit of using MMF in patients with 
chronic renal insufficiency which allows low-
ering the dose of nephrotoxic CNI [15, 17, 
18]. Approximately, 45% patients discontinue 
the drug due to side-effects which are outlined 
in Table 41.4.

41.3.4  mTOR inhibitors: Sirolimus/
Rapamycin (SRL) Everolimus 
(EVR)

Mechanism of action: Sirolimus is a macrolide 
antibiotic structurally similar to tac, binding to 
FK binding protein but inhibits the mammalian 
target of rapamycin inhibitors (mTORI). Both 
SRL and EVR block signal 3 of cell activation 
from IL-2 receptors in T cells and B cells.

SRL is available as 0.5 mg, 1mg and 2 mg 
tablet.

Loading dose of 6  mg for 1  day is recom-
mended, but most programmes will initiate ther-
apy at 1–2 mg daily.

Target concentration 4–12  ng/mL ranges 
depending on the use of other immunosuppres-
sants and time of transplant.

EVR dose guidelines: taken orally 1 mg twice 
daily. It is started at lower dose and gradually 
increased as tolerated.

Blood trough level 3–8 ng/mL.
Sirolimus was approved for use in renal trans-

plant in 1999. Due to its non-nephrotoxic prop-
erty, it has been used along with CNIs (allowing 
to lower the dose of CNI) in liver transplant 
recipients with renal dysfunction. However, stud-
ies have not shown a significant improvement in 
renal function after 1 year in these patients [19–
21]. A black box warning was placed on its use 
after multicentre trials showed that SRL was 
associated with an increase in risk of graft loss, 

Table 41.4 Side-effects with antimetabolites (AZA 
MMF)

Gastrointestinal: Nausea, Vomiting, Diarrhoea
• Anaemia
• Leucopenia
• Thrombocytopenia
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hepatic artery thrombosis (HAT), and death. 
Most cases of HAT were reported in patients who 
received sirolimus early within 30  days of 
LT.  However, the incidence of HAT related to 
sirolimus use varies in different reports [22–24].

Everolimus is another mTOR inhibitor, which 
was not available for clinical use until 2010. 
Several studies have shown beneficial effects on 
renal function after 2 years when EVR is com-
bined with low dose tacrolimus early post-LT, 
without adverse effects on rejection rates. 
However, rejection rates are higher when EVR is 
used as a single agent without CNI. Concomitant 
use of CNI and mTORIs is recommended to 
reduce the risk of rejection which is increased 
when mTORIs are used alone. Also avoid mTOR 
I introduction for the first 30  days post-LT to 
avoid the risk of HAT and allow time for wound 
healing. The side-effects and drug interactions 
are summarized in the below table.

However, further studies are needed to assess 
the value of mTORIs as primary immunosuppres-
sor post-LT either as a single agent or when com-
bined with other immunosuppressants [25–27].

The side-effects are summarized in Table 41.5.
Antitumour effect of mTORI: mTOR signal-

ling plays a role in tumour angiogenesis and pro-
liferation in patients with hepatocellular cancer 
(HCC). In patients with HCC, SRL based immu-
nosuppression has been shown to be associated 
with lower tumour recurrence rate and longer 
overall survival compared to patients on 
CNI. Similarly the protective effect due to antip-

roliferative effect, showing reduced recurrence 
rate on post-LT HCC has been reported. However, 
EVR has not been sufficiently investigated in 
clinical trials in this group of patients [28, 29].

41.3.5  Antibodies/Biological 
Immunosuppressive Agents

The overall use of biological immunosuppressive 
agents for induction of immunosuppression was 
approximately 26%, the rate has gradually 
increased over the years. Biological agents provide 
an opportunity to reduce the dose of other concom-
itant immunosuppressive agents (CNI and cortico-
steroids) with the aim to reduce the side-effects 
associated with steroids and CNI use (Table 41.6).

 (i) In patients with renal dysfunction to avoid 
CNI in the immediate post-transplant period 
and help with delayed CNI introduction to 
preserve renal function.

 (ii) To reduce the need for early corticosteroid 
use (as compared to corticosteroid induction, 
these agents cause less hyperglycaemia, 
hypertension, and CMV infection). Steroid 
free strategy has been found to be beneficial 
in patients with HCV.

Table 41.5 Side-effects of mTOR inhibitors

   (a) Side-effects of sirolimus
    • Anaemia, leucopenia, thrombocytopenia
    • Dyslipidemia
    • Hepatic artery thrombosis
    • Interferes with wound healing
    • Interstitial lung disease
    • Mouth ulcers, skin rash
    • Albuminuria
   (b) Side-effects of Everolimus
    • Gastrointestinal: Diarrhoea
    • Proteinuria
    • Urinary tract infections
    • Peripheral oedema

Table 41.6 Side-effects of Biological Induction Agents

Basiliximab/dacluzimab
    • Hypersensitivity reaction
    • Mild side-effects
Antithymocyte globulin
    • Cytokine release syndrome (fever, chills, 

hypotension)
    • Thrombocytopenia, leukopenia
    • Serum sickness
Muromonab
    • Severe cytokine release syndrome
    • Pulmonary oedema
    • Acute renal failure
    • Gastrointestinal disturbances
    • Changes in central nervous
Alemtuzumab
    • Mild CK-release syndrome
    • Neutropenia, anaemia, idiosyncratic pan- 

cytopenia, autoimmune thrombocytopenia
    • Thyroid disease
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There are two types of biological agents in 
this group [2, 3].

 (a) T cell depleting antibodies: further divided 
into.

Polyclonal: Antithymocyte 
globulin(ATG).

Monoclonal: Anti-CD52(Alemtuzumab) 
OKT3 (muromonab) [30, 31].

Mechanism of Action: These antibodies 
destroy T cells, B cells, or both. This results in 
cytokine release responsible for number of sys-
temic symptoms after the first dose. The risk of 
infections with cytomegalovirus (CMV), fungi 
and development of post- transplant lymphop-
roliferative disease (PTLD) is high with use of 
these agents. Recovery from its effect can take 
months to even years.

Polyclonal antibodies:
ATG: Two preparations are available.
Equine ATG (eATG, ATGAM).
Rabbit origin (rATG, Thymoglobulin).
ATG has been predominantly used for ste-

roid resistant rejection and for induction of 
immunosuppression.

Dose: 3 day induction protocol 2.5 mg/kg, 
when the first dose id delayed up to 48  h 
post-LT.

Intermittent dosing based on CD3, 
whereby second dose of ATG only given if 
CD3 count is above 20 cells/mm [30–32].

Monoclonal antibodies:
OKT3 monoclonal antibody directed to 

CD3 receptors, has been discontinued since 
2010 due to significant side-effects and 
newer agents available.

Alemtuzumab: Several side-effects includ-
ing risk of recurrence of Hepatitis C virus(HCV) 
have limited its use as an induction agent for 
immunosuppression. Further studies are 
required to address risk versus benefit [33, 34].

 (b) Non-T cell depleting antibodies
Anti IL2 receptors: Basiliximab, 

Dacluzimab.

Mechanism of Action: These are 
humanized monoclonal antibodies or fusion 
proteins that bind to IL-2 receptors on T 
cells, thereby suppressing the proliferative 
response of T cells to IL-2. These are less 
immunogenic and therefore trigger less 
cytokine release, reducing the risk of com-
plications such as diabetes, CMV infec-
tions, higher glomerular filtration rate, 
lower risk of PTLD, and HCV recurrence. 
Also the rate of ACR was reduced and rejec-
tion free survival increased .

IL2 antagonists - Daclizumab, 
Basilixiamb have shown the above men-
tioned benefits in various studies. However, 
daclizumab has been withdrawn from mar-
ket since 2010 due to diminished demand 
[35–38].

41.4  Choice 
of Immunosuppressive 
Agents in Specific LT 
Population

Since the first liver transplant, a wide variety of 
immunosuppressive agents are available, each 
with a risk benefit profile. Newer drugs are avail-
able with better potency and reduced toxicity. To 
avoid long term toxicity and help improve out-
comes post LT it is important to tailor the immu-
nosuppression for special patient population 
such as:

• Renal impairment.
• Hepatitis C (HCV).
• Hepatocellular cancer (HCC).
• Paediatric patients.
• Pregnancy.

Tailoring immunosuppression to various 
patient population as a concept has evolved over 
the years. This helps to assign patients to immu-
nosuppression protocols that best fit their needs.
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41.4.1  Immunosuppression 
in Patients with Renal 
Impairment

Approximately, 18% patients will develop 
chronic renal dysfunction post-LT defined as 
GFR </= 29  mL/min. Pretransplant renal dys-
function is the most important determinant of 
post-transplant CKD.  Sicker patients usually 
have high MELD (Model for End stage Liver dis-
ease) scores which is partly driven by creatinine. 
Multiple studies have suggested that duration of 
pretransplant renal dysfunction affects post- 
transplant renal outcomes. There is a suggestion 
that in the absence of parenchymal renal disease, 
patients with renal dysfunction of <12 weeks are 
likely to have recovery of renal function after 
LT. The other important factors which contribute 
include the presence of diabetes, hypertension, 
acute kidney injury (AKI) pretransplant and post-
 LT and finally the use of CNIs based immuno-
suppression which is the most common cause of 
end stage renal disease(ESRD) post-LT [39]. 
Some of the additional risk factors leading to 
renal injury include the following.

HCV infection: The risk of CKD is also found 
to be higher in LT patients with HCV infection 
due to glomerulonephritis [40].

Prolonged exposure to nephrotoxic drugs.
Prolonged ischemia and hemodynamic 

instability.
It is very important to identify pre-liver trans-

plant patients who are at risk for evolution of 
ESRD post LT, so that patients can be identified 
appropriately for combined liver/kidney trans-
plantation [41].

41.4.1.1  Recommendations 
of Immunosuppressive 
Agents in Patients 
with Renal Dysfunction

The administration of induction agents in partic-
ular IL-2R antibody can be used to delay intro-
duction of CNI.

Also MMF can be continued to allow lower 
doses of CNI in patients with renal dysfunction. 
This approach is associated with significant 
improvement in renal function without increase 

in rejection rate. Some studies have also shown 
that AZA with low dose CNI can improve renal 
function, however, there is an increased risk of 
rejection seen in some cases. There are no RCT’s 
performed directly comparing AZA and MMF 
with respect to renal function [15, 17, 18, 42].

Conversion to SRL can be done safely in LT 
recipients with renal dysfunction without 
increased risk of infection and graft loss [21].

Early EVR-based, CNI-free immunosuppres-
sion is feasible and has shown to improve renal 
function but this benefit comes with increased 
risk of rejection [26, 43].

41.4.2  Immunosuppression in HCV 
Liver Transplant Patients

Post-transplant HCV recurrence is almost univer-
sal if HCV viral load is detectable at the time of 
transplant. Also in approximately 10% LT recipi-
ents, fibrosis progression can be very rapid result-
ing in early graft loss. In approximately 30% 
patients HCV recurrence results in progressive 
fibrosis leading to cirrhosis in 5 years [44–46].

Besides various studies showing the role of 
immunosuppression regimen, several factors 
influence the complications associated with HCV 
recurrence

• Viral load in host and donor.
• Recipients’ immune response.
• Donor age.
• Pretransplant viral load and genotype.

41.4.2.1  Role of Immunosuppression 
in HCV Recurrence

A meta-analysis including five RCTs has not 
shown significant difference in terms of mortal-
ity, graft survival, biopsy proven acute rejection, 
fibrosing cholestatic hepatitis between Tac based 
vs. CyA based immunosuppression [47].

There is evidence of association of increase in 
HCV viral loads due to steroid boluses used to 
treat ACR, however, the effect of steroid mainte-
nance is controversial. The link between steroid 
therapy and HCV replication after LT in these 
patients prompted many centres to try the 
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approach of rapid steroid withdrawal. Robust 
data on this approach is lacking and there is some 
evidence to suggest that rapid reduction in steroid 
dosage may be harmful for HCV recurrence. 
There are some studies available where steroid 
maintenance was compared to steroid free 
 regimen in HCV transplanted patients, and these 
studies failed to show a significant difference 
with regard to liver fibrosis and viral loads. The 
protective role of steroid withdrawal still requires 
further investigation [48].

There remains a controversy regarding the 
best antiproliferative agent for HCV recipients. 
Some of the studies do suggest that maintenance 
with AZA is associated with less fibrosis progres-
sion compared to MMF.  With the current data 
available, the evidence to support use of MMF 
over AZA is lacking [49].

Among mTORI, SRL has certainly raised 
some interest due to its potential benefit of reduc-
ing HCV replication and risk of significant fibro-
sis in post-LF HCV recipients. However, studies 
have also shown increased risk of mortality and 
graft loss with the use of SRL in both HCV and 
non-HCV LT recipients. Data on role of EVR and 
HCV recurrence after LT is limited [50, 51].

OKT3 and alemtuzumab use have been asso-
ciated with severe HCV recurrence. There was no 
significant difference with regard to liver fibrosis 
and HCV replication in HCV LT recipients 
treated with IL-2R antagonists, with some stud-
ies showing no harm and others showing 
increased recurrence [52, 53].

To summarize, tailoring immunosuppression 
in HCV patients remains challenging due to con-
flicting evidence from various studies. However, 
the newer directly acting antiviral agents (DAAs) 
are available for treatment of HCV pretransplant 
and post-LT with promising results. The new 
DAAs have helped to obviate the need to focus 
on immunosuppression regimen and concerns of 

HCV recurrence and fibrosis progression in this 
group of patients.

41.4.3  Immunosuppression 
in Patients with HCC

The incidence of HCC continues to rise, there-
fore number of patients receiving LT for HCC is 
high. Recurrence of HCC post-LT remains a 
great concern. Many factors influence the risk of 
HCC recurrence, related to tumour, the patient 
and type of immunosuppression [54]. Although 
the biological behaviour of the tumour, waiting 
time, alpha-fetoprotein level (AFP) are very 
important, immunosuppression does play a cen-
tral role in risk of HCC recurrence post-LT.

CNIs have shown properties of promoting 
tumour growth in experimental models. The 
blood levels of CNI appear to play a role in HCC 
recurrence rather than the type of CNI, suggest-
ing a dose-dependent relationship. The associa-
tion between the serum level of tacrolimus in the 
first month after LT with the risk of HCC recur-
rence has been studied and it was observed that 
patients with a level above 10 ng/mL presented a 
2.8-fold higher risk of HCC recurrence.

MMF, although has antiproliferative effect, 
has not shown to play a role in the prevention of 
HCC recurrence. There are no data on influence 
of AZA and HCC recurrence available.

mTORI have been shown to have antitumori-
genic effect as they inhibit cell proliferation and 
angiogenesis. SRL has shown its beneficial effect 
in several studies A meta-analysis including 42 
studies showed a lower frequency of HCC recur-
rence among patients treated with an mTOR 
inhibitor, if the HCC was within the Milan crite-
ria. The benefit of SRL is evident in 3–5 years in 
these patients. There is no evidence that SRL 
improves the long-term recurrence free survival 
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beyond 5 years. Very limited data is available on 
role of EVR in these patients [28, 55–57].

41.4.4  Immunosuppression 
in Paediatric Patients

LT has evolved over several decades revolution-
izing the outcomes of children with ESLD or 
liver based metabolic defects. LT in children is 
usually curative, recurrence of underlying dis-
ease is less common. In children, both pharmaco-
kinetics and dynamics of immunosuppressive 
agents are different from adults, which affects 
absorption, distribution, metabolism, and drug 
excretion. The paediatric population may require 
higher doses to achieve appropriate medication 
trough levels due to developmental changes that 
occur with increasing age. The expected period 
of exposure of immunosuppressive agents is 
 longer in children, this can have an impact on 
compliance, risk of infections, and carcinogene-
sis. Children are at increased risk of developing 
PTLD due to higher risk of exposure to Epstein–
Barr Virus (EBV). In children, medications often 
must be available in liquid form which may not 
be easily available in the recommended concen-
trations. Suspensions can be unpalatable result-
ing in non-adherence to medication. It is also 
important to focus on age appropriate immuniza-
tion in order to avoid vaccine-preventable 
diseases.

Although same immunosuppressive agents 
are used in adults and paediatric population, lack 
of clinical trials remains an issue for newer agents 
available and the management of immunosup-
pression in children challenging [58, 59].

41.4.5  Immunosuppression 
in Pregnant Patients

More female patients in child bearing age group 
receive LT.  Concerns remain with regard to 
maternal outcome, including graft risk, choice of 
immunosuppression, and foetal outcomes.

Some studies have shown that pregnancies 
post-LT are high risk due to increased risk of 

complications including pre-eclampsia and pre- 
term delivery. These vary depending on timing of 
pregnancy after LT.  The time of conception is 
advised to be at least 1 year after LT, for better 
outcome waiting longer (>2  years) has been 
suggested.

As regards immunosuppression regimens, ste-
roids use is associated with gestational diabetes 
and hypertension, requiring additional monitor-
ing. Both Tac and CyA based regimens can be 
safely used during pregnancy with not much dif-
ference in the complication rate such as hyperten-
sion, diabetes, renal insufficiency, and 
neurotoxicity. The complications can be mini-
mized by careful drug level monitoring. 
Azathioprine can be used during pregnancy, how-
ever, MMF is teratogenic and this medication 
must be stopped for 6–12 weeks before concep-
tion. Data on safety of mTORIs in pregnancy is 
limited [60–62].

41.5  Can Immunosuppression 
Be Withdrawn After LT?

Outcomes following LT have improved due to 
advances in immunosuppression protocols and 
availability of newer agents. A careful balance to 
prevent rejection and avoid complications associ-
ated with the medication has been the approach 
over several years. With the current immunosup-
pression, there is still a risk of acute rejection of 
10–40% and risk of chronic rejection is approxi-
mately below 5%.

However, liver has been shown to be more 
tolerogenic than other organs, whereby donor 
and recipients are matched only with ABO com-
patibility. Limited evidence has shown that 
approximately 20–25% liver transplant patients 
may develop operational tolerance maintaining 
their allografts after withdrawal of immunosup-
pression. Attempts at withdrawal is done late 
after LT (many months/years). Majority of 
patients will suffer rejection after immunosup-
pression withdrawal and have severe complica-
tions. Currently, there are no assays or data 
available on how to identify patients who have 
the immunological milieu which is favourable for 
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immunosuppression withdrawal. Also, there is no 
evidence that immunosuppression withdrawal 
decreases patient morbidity. The goal should be 
to maintain adequate graft function and avoid 
complications associated with long-term use of 
immunosuppression. This can be achieved by 
minimizing the dose, although an ideal mini-
mized protocol has yet to be established [63, 64].

References

1. Van Thiel DH, Makowa L, Starzl TE.  Liver trans-
plantation: where it’s been and where it’s going. 
Gastroentetol Clin North Am. 1988;17:1–18.

2. Weisner RH, Fung JJ.  Present state of immunosup-
pressive therapy in liver transplant recipients. Liver 
Transpl. 2011;17:ppS1–9.

3. Moini M, Schilsky ML, Tichy EM.  Review on 
immunosuppression in liver transplantation. World J 
Hepatol. 2015;7(10):1355–68.

4. Encke J, Uhl W, Stremmel W, Sauer 
P.  Immunosuppression and modulation in 
liver  transplantation. Nephro Dial Transplant. 
2004;19(Suppl 4):iv22–5.

5. Trotter JF. Rejection and immunosuppression trends 
in liver transplantation. In Medical Care of Liver 
Transplant Patient, 4th ed. Hoboken, New Jersey: 
Wiley. p 297–310.

6. EASL Clinical Practice Guidelines. Liver 
Transplantation. J Hepatol. 2015:26–30.

7. Trouillot TE, Shrestha R, Kam I, Wachs M, Everson 
GT. Successful withdrawal of prednisolone after adult 
liver transplantation for autoimmune hepatitis. Liver 
Transpl Surg. 1999;5:375–80.

8. Villamil F, Pollard S. C2 monitoring of cyclosporine 
in de novo liver transplant recipients: the clinicians 
perspective. Liver Transpl. 2004;10:577–83.

9. McAlister VC, Haddad E, Renouf E, Malthaner RA, 
Kjaer MS, Gludd LL.  Cyclosporin versus tacro-
limus as primary immunosuppressant after liver 
transplantation:a meta-analysis. Am J Transplant. 
2006;6:1578–85.

10. O’Grady JG, Hardy P, Burroughs AK, Elbourne 
D.  Randomized controlled trial of tacrolimus ver-
sus microemulsified cyclosporine (TMC)in liver 
transplantation:post study surveillance to 3 years. Am 
J Transplant. 2007;7:137–41.

11. Dumortier J, Guillaud O, Boillot O. Conversion from 
twice daily tacrolimus to once daily tacrolimus in 
long term stable liver transplant recipients: A single 
Centre experience with 394 patients. Liver Transpl. 
2013;19:529–33.

12. Trunecka P, Boillot O, Seehofer D, Pinna AD, 
Fischer L, Ericzon BG, et al. Once daily prolonged- 
release tacrolimus (ADVAGRAF) versus twice daily 

tacrolimus(PROGRAF)in liver transplantation. Am J 
Transplant. 2010;10:2313–23.

13. Beckebaum S, Iacob S, Sweid D, Sotiropoulos GC, 
Saner F, Kaiser G, et al. Efficacy, safety and immu-
nosuppressant adherence in stable liver transplant 
patients converted from a twice –daily tacrolimus – 
based regimen to once-daily tacrolimus extended 
release formulation. Transpl Int. 2011;24:666–75.

14. Ford LT, Berg JD.  Thiopurine 
S-methyltransferase(TPMT) assessment prior to 
starting thiopurine drug treatment; a pharmacoge-
nomics test whose time has come. J Clin Pathol. 
2010;63:288–95.

15. Wiesner R, Rabkin J, Klintmalm G, McDiarmid S, 
Langnas A, Punch J, et  al. A randomized double –
blind comparative study of mycophenolate mofetil 
and azathioprine combination with cyclosporine and 
corticosteroids in primary liver transplant recipients. 
Liver Transpl. 2001;7:442–50.

16. Miras M, Carballo F, Egea J, Martinez C, Alvarez- 
Lopez MR, Sanchez-Bueno F, et al. Clinical evolution 
in the first 3 months of patients after liver transplan-
tation in maintenance phase converted from myco-
phenolate mofetil to mycophenolate sodium due 
to gastrointestinal complications. Transplant Proc. 
2007;39:2314–7.

17. Schlitt HJ, Barkmann A, Boker KH, et  al. 
Replacement of calcineurin inhibitors with mycophe-
nolate mofetil in liver transplant patients with renal 
dysfunction: a randomized controlled study. Lancet. 
2001;357:587–91.

18. Nashan B, Saliba F, DurandF,et al. Pharmacokinetics, 
efficacy and safety of mycophenolate mofetil in com-
bination with standard–dose or reduced–dose tacro-
limus in liver transplant recipients. Liver Transpl 
2009;15:136–147.

19. Shenoy S, Hardinger KL, Crippin J, Desai N, 
Korenblat K, Lisker-Melman M, et al. Sirolimus con-
version in liver transplant recipients with renal dys-
function: a prospective, randomized, single Centre 
trial. Transplantation. 2007;83:1389–92.

20. Fairbanks KD, EustaceJA FD, Thuluvath PJ.  Renal 
function improves in liver transplant recipients when 
switched from a calcineurin inhibitor to sirolimus. 
Liver Transpl. 2003;9:1079–85.

21. Asrani SK, Leise MD, West CP. Use of sirolimus in 
liver transplant recipients with renal insufficiency:A 
systemic review and meta-analysis. Hepatology 
2010;52:1360–1370.

22. Molinari M, Berman K, Meeberg G, Shapiro JA, 
Bigam D, Trotter JF, et  al. Multicentric outcome 
analysis of sirolimus-based immunosuppres-
sion in 252 liver transplant recipients. Transpl Int. 
2010;23:155–68.

23. Dunkleberg JC, Trotter JF, Wachs M, Bak T, Kugelmas 
M, Steinberg T, et al. Sirolimus as primary immuno-
suppression in liver transplant is not associated with 
hepatic artery or wound complications. Liver Transpl. 
2003;9:463–8.

J. A. Shah



561

24. McKenna GJ, Trotter JF. Sirolimus-it doesn’t deserve 
its bad Rap(a). J Hepatol. 2012;56:285–7.

25. Yee M-L, Tan H-H. Use of everolimus in liver trans-
plant. World J of Hepatol. 2017;9(23):990–1000.

26. Saliba F, De Simone P, Nevens F, De Carlis L, 
Metselaar HJ, Beckebaum S, et al. Renal function at 
two years in liver transplant patients receiving evero-
limus: results of a randomized, multicenter study. Am 
J Transplant. 2013;13:1734–45.

27. Rainer G, Jorg-Matthias P, Martin J, Guido J.  The 
role of everolimus in liver transplantation. Clin Exp 
Gastroenterol. 2014;7:329–43.

28. Menon KV, Hakeem AR, Heaton ND.  Meta- 
analysis:recurrence and survival following use of 
sirolimus in liver transplantation for hepatocellular 
carcinoma. Aliment Pharmacol Ther. 2013;37:411–9.

29. Jeng LB, Thorat A, Hsieh TW, Yang HR, Yeh CC, 
Chen TH, et  al. Experience of using everolimus in 
the early stage of living donor liver transplantation. 
Transplant Proc. 2014;46:744–8.

30. Eason JD, LossGE BJ, Nair S, Mason AL.  Steroid 
free liver transplantation using rabbit antithymocyte 
globulin induction: results of a prospective random-
ized trial. Liver Transpl. 2001;7:693–7.

31. Eghtesad B, Forrest T, Fijiki M, Diago T, Hodgkinson 
P, Hashimoto K, et al. A pilot randomized controlled 
clinical trial of thymoglobulin (r-ATG) induction with 
extended delay of calcineurin inhibitor therapy in 
liver transplantation-interim analysis(abstract). Liver 
Transpl. 2011;17(suppl 1):S85.

32. Marks WH, IIsley JN, Dharnidharka VR. Post trans-
plantation lymphoproliferative disorder in kidney and 
heart transplant recipients receiving thymoglobulin: a 
systematic review. Transplant Proc. 2005;37:2607–8.

33. Magliocca JF, Knechtle SJ.  The evolving role of 
alemtuzumab (Campath-1H) for immunosuppres-
sive therapy in organ transplantation. Transpl Int. 
2006;19:705–14.

34. Marcos A, Eghtesad B, Fung JJ, Fonts P, Patel K, 
Devera M, et al. Use of alemtuzumab and tacrolimus 
monotherapy for cadaveric liver transplantation:with 
particular reference to hepatitis C virus. 
Transplantation. 2004;78:966–71.

35. Neuberger JM, Mamelok RD, Neuhaus P, Pirenne 
J, Samuel D, Isoniemi H, et al. For ReSpECT study 
group. Delayed introduction of reduced-dose tacro-
limus and renal function in liver transplantation: the 
ReSpECT study. Am J Transplant. 2009;9:327–36.

36. Goralczyk AD, Hauke N, Bari N, Tsui TY, Lorf T, Obed 
A. Interleukin 2 receptor antagonists for liver transplant 
recipients: a systematic review and meta-analysis of 
controlled studies. Hepatology. 2011;54:541–54.

37. Penninga L, Wettergren A, Wilson CH, Chan AW, 
Steinbruchel DA, Gluud C. Antibody induction ver-
sus corticosteroid induction for liver transplant recipi-
ents. Cochrane Database Syt Rev. 2014;5:CD010252.

38. Ramirez CB, Doria C, di Francesco F, Iaria M, Kang 
Y, Marino IR.  Basiliximab induction in adult liver 
transplant recipients with 93% rejection –free patient 

and graft survival at 24 months. Transplant Proc. 
2006;38:3633–55.

39. Bahirwani R, Reddy RK. Outcomes after liver trans-
plantation: chronic kidney disease. Liver Transpl. 
2009;15:S70–4.

40. McGuire BM, Julian BA, Bynon JS Jr, Cook WJ, 
King SJ, Curtis JJ, et  al. Brief communication: glo-
merulonephritis in patients with hepatitis C cirrhosis 
undergoing liver transplantation. Ann Intern Med. 
2006;144:735–41.

41. Davis CL, Gonwa TA, Wilkinson AH.  Identification 
of patients best suited for combined liver-kidney 
transplantation:Part II. Liver Transpl. 2002;8:193–211.

42. Hong M, Angus PW, Jones RM, Vaughan RB, Gow 
PJ. Predictors of improvement in renal function after 
calcineurin inhibitor withdrawal for post-liver trans-
plant renal dysfunction. Clin Transpl. 2005;19:193–8.

43. Sterneck M, Kaiser GM, Heyne N, Richter N, 
Rauchfuss F, Pascher A, et al. Everolimus and early 
calcineurin inhibitor withdrawal: 3 year results from 
a randomized trial in liver transplantation. Am J 
Transplant. 2014;14:701–10.

44. Gee I, Alexander G. Review: liver transplantation for 
hepatitis C virus related liver disease. Post Grad Med 
J. 2005;81:765–71.

45. Joshi D, Pinzani M, Carey I, Agarwal K. Recurrent 
HCV after liver transplantation-mechanisms, assess-
ment and therapy. Nat Rev Gastroenterol Hepatol. 
2014;11:710–21.

46. Samonakis DN, Triantos CK, Thalheimer U, Quaglia 
A, Leandro G, Teixeira R, et al. Immunosuppression 
and donor age with respect to severity of HCV 
recurrence after liver transplantation. Liver Transpl. 
2005;11:386–95.

47. Duvoux C, Firpi R, Grazi GL, Levy G, Renner E, 
Villamil F. Recurrent hepatitis C virus infection post 
liver transplantation:impact of choice of calcineurin 
inhibitor. Transpl Int. 2013;26:358–72.

48. Berenguer M, Aguilera V, Prieto M, San Juan F, 
Rayon JM, Benlloch S, et al. Significant improvement 
in the outcome of HCV-infected transplant recipients 
by avoiding rapid steroid tapering and potent induc-
tion immunosuppression. J Hepatol. 2006;44:717–22.

49. Germani G, Pleguezuelo M, Villamil F, Vaghjiani S, 
Tsochatzis E, Andreana L, et al. Azathioprine in liver 
transplantation: a reevaluation of its use and a com-
parison with mycophenolate mofetil. Am J Transplant. 
2009;9:1725–31.

50. Kelly MA, Kaplan M, Nydam T, Wachs M, Bak T, 
Kam I, Zimmerman MA. Sirolimus reduces the risk 
of significant hepatic fibrosis after liver transplanta-
tion for hepatitis C virus: a single –Centre experience. 
Transpl Proc. 2013;45:3325–8.

51. De Simone P, Metselaar HJ, Fischer L, Dumortier 
J, Boudjema K, Hardwigsen J, et  al. Conversion 
from a calcineurin inhibitor to everolimus therapy in 
maintenance liver transplant recipients: a prospec-
tive, randomized multicenter trial. Liver Trasnpl. 
2009;15:1262–9.

41 Immunosuppression



562

52. Fillipponi F, Callea F, Salizzoni M, Grazi GL, Fassati 
LR, Rossi M, et al. Double blind comparison of hepa-
titis C histological recurrencve rate in HCV + liver 
transplant recipients given basiliximab+steroids or 
basiliximab+placebo in addition to cyclosporine and 
azathioprine. Transplantation. 2004;78:1488–95.

53. Marcos A, Eghtesad B, Fung JJ, Fontes P, Patel K, 
Devera M, et  al. Use of alemtuzumab and tacroli-
mus monotherapy for cadaveric liver transplanta-
tion: with particular reference to hepatitis C virus. 
Transplantation. 2004;78:966–71.

54. Filgueira NA.  Hepatocellular carcinoma recur-
rence after liver transplantation: risk factors, screen-
ing and clinical presentation. World J Hepatol. 
2019;11(3):261–72.

55. Rodríguez-Perálvarez M, Tsochatzis E, Naveas MC, 
Pieri G, García-Caparrós C, O'Beirne J, Poyato- 
González A, Ferrín-Sánchez G, Montero-Álvarez 
JL, Patch D, Thorburn D, Briceño J, De la Mata M, 
Burroughs AK.  Reduced exposure to calcineurin 
inhibitors early after liver transplantation prevents 
recurrence of hepatocellular carcinoma. J Hepatol. 
2013;59:1193–9.

56. Rodríguez-Perálvarez M, Guerrero M, Barrera 
L, Ferrín G, Álamo JM, Ayllón MD, Artacho GS, 
Montero JL, Briceño J, Bernal C, Padillo J, Marín- 
Gómez LM, Pascasio JM, Poyato A, Gómez- 
Bravo MA, De la Mata M.  Impact of early initiated 
Everolimus on the recurrence of hepatocellular car-
cinoma after liver transplantation. Transplantation. 
2018;102:2056–64.

57. Zimmerman MA, Trotter JF, Wachs M, Bak T, 
Campsen J, Skibba A, et  al. Sirolimus –based 
ImmunosuppressionFollowing liver transplanta-
tion for hepatocellular carcinoma. Liver Transpl. 
2008;14:633–8.

58. Miloh T, Barton A, Wheeler J, Pham Y, Hewitt W, 
Keegan T, et al. Review article: immunosuppression 
in pediatric liver transplant recipients: unique aspects. 
Liver Transpl. 2017;23:244–56.

59. Dhawan A.  Immunosuppression in pediatric liver 
transplantation: are little people different? Liver 
Transpl. 2011:S13–9.

60. Westbrook RH, Yeoman AD, Agarwal K, Aluvihare V, 
O’Grady J, Heaton N, et al. Outcomes of pregnancy 
following liver transplantation: the King’s college 
hospital experience. Liver Transpl. 2015;21:1153–9.

61. Baskiran A, Karakas S, Ince V, Kement M, Ozdemir 
F, Ozsav O, et  al. Pregnancy after liver trans-
plantation: risks and outcomes. Transplant Proc. 
2017;49(8):1875–8.

62. Sifontis NM, Coscia LA, Constantinescu S, Lavelanet 
AF, Moritz MJ, Armenti VT.  Pregnancy outcomes 
in solid organ transplant recipients with exposure to 
mycophenolate mofetil or sirolimus. Transplantation. 
2006;82:1698–702.

63. Porrett P, Shaked A. The failure of immunosuppression 
withdrawal: patient benefit is not detectable, inducible 
or reproducible. Liver Transpl. 2011;17:S66–8.

64. Adams DH, Sanchez-Fueyo A, Samuel D.  Review: 
from immunosuppression to tolerance. J Hepatol. 
2015;62:S170–85.

J. A. Shah



Part VIII

Special Situations



565

42Anesthesia for Interventional 
Radiology in CLD 
and Transplanted Patient

Sumit Goyal

42.1  Introduction

Interventional radiology (IR) is the key component 
of every multidisciplinary liver transplantation 
program. Advances in the field of IR have proved 
to be useful in managing both pre- and post-liver 
transplant patients. For pre-transplant candidates, 
IR helps in treating complications of portal hyper-
tension and liver tumors [1]. The interventional 
radiologist helps in reducing morbidity and mor-
tality of post-liver transplant recipients by treating 
vascular and biliary anastomotic complications. 
They also have role in monitoring of graft rejec-
tion with the help of liver biopsies [1].

With an increased range of complex IR proce-
dures and medically challenging patients, 
demand for anesthesiologist’s services has 
increased. Anesthesiologists working in IR must 
be comfortable with providing well tolerated care 
to ill patients in a non-operating environment [2]. 
Two way effective communication with a dedi-
cated team is crucial.

Anesthetic management of patients in interven-
tional radiology requires knowledge of the proce-
dure to be performed, its duration, intraoperative 
requirements with regard to fluid management/
apnea/positioning, complications, and postopera-
tive management of this unique patient population 

[2]. The patient factors like medical condition and 
preference also need to be considered when plan-
ning type of anesthesia. The choice of anesthesia 
can range from monitored anesthesia care (MAC) 
to general/regional/local anesthesia.

42.2  Basic Considerations 
for Providing Anesthesia 
for IR

The American Society of Anaesthesiologist 
(ASA) guidelines for providing non-operating 
room anesthesia (NORA) should be followed [3].

• The standard of care for pre- and post- 
anesthesia in non-operating room should be 
the same as that of operating room. Monitoring 
equipment, anesthesia machine, location of 
cardiopulmonary resuscitation equipment, 
anesthesia, and emergency drugs should be 
checked. Adequately trained staff to support 
anesthesiologist must be there.

• Induction is usually done in radiology suite, 
on anesthetic trolley as procedure table has no 
provision of tilting. Then patient should be 
shifted to procedure table.

• Radiological equipment restricts mobility and 
access to the patient’s head. Facilities for inva-
sive monitoring and cardiopulmonary 
 resuscitation should be available in the radiol-
ogy suite.
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Fig. 42.1 Portoveno-
gram showing TIPS 
stent in situ

• Radiation exposure must be considered, and 
contrast reactions must be anticipated.

• Following procedure, the patient should be 
shifted to an appropriate post-anesthesia care 
unit, accompanied and monitored by anesthe-
sia trained personnel.

42.2.1  Anesthesia for Interventional 
Radiology for the Pre- 
Transplant Patients

42.2.1.1  Transjugular Intrahepatic 
Portosystemic Shunt (TIPS)

The transjugular intrahepatic portosystemic 
shunt (TIPS) is a minimally invasive procedure, 
preferred for the management of portal hyperten-
sion [4]. The stent creates the intrahepatic shunt 
between hepatic and portal vein and thus decom-
presses the portal venous system.

42.2.1.2  TIPS Procedure
TIPS is usually performed by interventional radi-
ologists in angiography suite. A needle catheter is 
passed via the right internal jugular vein in to the 
hepatic vein and then track is made into the intra-

hepatic portion of the portal vein. This hepatic 
track is then dilated and kept patent through 
deployment of metallic stent [5] (Fig. 42.1).

42.2.1.3  Indication 
and Contraindications

The two indications with the strongest clinical 
evidence of TIPS efficacy are secondary preven-
tion of esophageal variceal bleeding and treat-
ment of refractory ascites [6, 7]. Other indications 
with limited evidence are portal hypertensive 
gastropathy, gastric antral vascular ectasia, 
refractory hepatic hydrothorax, hepatorenal syn-
drome, Budd-Chiari syndrome, and hepatopul-
monary syndrome [6, 7].

Absolute contraindications to TIPS placement 
include severe pulmonary hypertension (mean 
pulmonary pressure > 45 mmHg), severe tricus-
pid regurgitation, congestive heart failure, severe 
liver failure, and polycystic liver disease [6, 7]. 
Relative contraindications include recurrent HE, 
hepatocellular carcinoma, severe coagulopathy 
(International Normalized Ratio more than 5), 
thrombocytopenia of less than 20,000/mm3, mod-
erate pulmonary hypertension, portal vein throm-
bosis, and obstruction of all hepatic veins [6, 7].
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42.2.1.4  Complications
The cannulation of right IJV can cause carotid 
artery puncture, tension pneumothorax or hemo-
thorax, thoracic duct injury or brachial plexus 
injury [8]. Cardiac arrhythmias can occur during 
advancement of catheter from right IJV to infe-
rior vena cava [5, 8]. Although transient but 
sometimes may require cardioversion in case 
associated with hypotension [5]. Cardiac perfora-
tion and tamponade have been also reported [5]. 
Other fatal complications can be portal vein rup-
ture, liver capsule rupture, injury to hepatic artery 
and biliary tracts [8]. Stent thrombosis, occlusion 
or migration can occur in the later course [8].

42.2.1.5  Anesthesia
Detailed preoperative assessment is required 
since hepatic dysfunction is associated with a 
wide range of co-morbidities.

42.2.1.6  Preoperative
Patient presenting for TIPS may have large 
amount of ascites or other complications of 
chronic liver diseases such as hepatic hydrotho-
rax, cirrhotic cardiomyopathy, hepatorenal syn-
drome, encephalopathy, and coagulopathy.

If TIPS is indicated for refractory ascites or 
hepatic hydrothorax, large volume paracentesis 
or thoracentesis should precede the procedure [6, 
8]. For assessment of cardiovascular system, 
transthoracic echocardiography is mandatory to 
exclude left ventricular dysfunction and pulmo-
nary artery hypertension [5, 8]. The post-TIPS 
elevation in preload can precipitate heart failure 
in patients with pre-existing overt heart failure or 
severe tricuspid regurgitation or worsen porto-
pulmonary hypertension. Chest radiograph may 
reveal pleural effusion. The laboratory test 
required are complete blood counts, coagulation 
parameters, blood group, kidney and liver func-
tion tests.

Significant thrombocytopenia (platelets count 
less than 50,000/mm) or coagulopathy 
(Internationalized Normal Ratio more than 1.5) 
should be corrected [8].

Neurological evaluation for the presence of 
hepatic encephalopathy and its severity should be 

done as it can worsen after the procedure due to 
shunting of ammonia and other neurotoxins.

42.2.1.7  Anesthesia Technique
The procedure can be performed under moni-
tored anesthesia care (MAC) sedation or general 
anesthesia depending on patients physical and 
mental status and practitioner’s experience.

As per literature, general anesthesia with 
endotracheal intubation is safe and the recom-
mended technique [5, 8–10]. The points in favor 
of general anesthesia are as follows:

• The presence of ascites and pleural effusion 
by reducing functional residual capacity can 
cause respiratory embarrassment [8]. 
Therefore, controlled mechanical ventilation 
is helpful in providing motionless patient with 
breath hold during stent dilatation [8].

• Ascites can also raise intragastric pressure 
increasing the risk of gastric contents aspira-
tion [5, 8].

• Intraoperative hemodynamic instability can 
occur due to injury to portal vein, hepatic 
artery or liver capsule.

• Balloon dilatation of intrahepatic track may 
cause severe pain, discomfort, sympathetic 
stimulation, and hemodynamic changes [5, 8].

• The duration can be long, uncomfortable to lie 
in supine position [5, 8, 9].

Rapid sequence induction of anesthesia should 
not be done on angiography table as it lacks pro-
vision of tilting. So separate table with tilting 
facility should be used for induction [8].

Large bore intravenous access should be 
established on the side most accessible to the 
anesthetist [8]. Invasive arterial pressure moni-
toring is required in case of hemodynamic 
instability.

Urinary catheterization and patient warming 
are also required. A board spectrum antibiotic 
coverage should be given and continued for 24 h 
[8].

Altered pharmacokinetics and pharmacody-
namics seen in liver disease should be taken in 
consideration while choosing anesthesia drugs. 
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Fig. 42.2 Fluoroscopic 
image showing 
microwave ablation of a 
previously embolized 
hepatocellular 
carcinoma

Propofol in titrated dose can be used as induction 
agent. Succinylcholine, atracurium or cis- 
atracurium are muscle relaxants of choice. 
Opioids with shorter duration of action like fen-
tanyl or remifentanil are safe. The maintenance 
of anesthesia can be done with any inhalational 
agent or total intravenous anesthesia [8].

Post-procedure, patient should be shifted to 
high dependency unit or intensive care unit for 
close monitoring for complications such as pul-
monary edema, hepatic encephalopathy, sepsis, 
contrast induced nephropathy, and acute hepatic 
failure. The use of prophylactic diuretics has 
been mentioned to reduce the fluid load on sys-
temic circulation after TIPS and preventing car-
diopulmonary complications [1].

42.2.1.8  Radiofrequency Ablation
Radiofrequency ablation has been accepted as 
minimally invasive technique for treating small 
hepatocellular carcinomas (HCC). 
Radiofrequency is a localized thermal treatment 
technique in which a high frequency alternating 
current increases the temperature of tissues 
beyond 60 °C causing coagulative necrosis near 
by the electrode [11, 12]. Typically under ultra-
sound or computed tomography guidance, one or 
more applicators (needles, electrodes, or anten-
nae) are advanced from the skin into or adjacent 
to the targeted hepatic tumor [1]. It can be per-
formed using percutaneous, laparoscopy, or lapa-

rotomy technique. It helps in controlling tumor 
progression while awaiting transplant (Fig. 42.2).

42.2.1.9  Anesthesia
The role of the anesthesiologist in hepatocellular 
carcinoma ablation therapy is to facilitate patient 
safety and satisfaction as well as to ensure that 
the patient have minimal pain during the proce-
dure [12]. Several anesthesia methods including 
local anesthesia, epidural anesthesia, paraverte-
bral block, and general anesthesia have been 
reported for percutaneous radio frequency abla-
tion (PRFA) of hepatic malignancy [13]. The 
choice of anesthesia will depend on both patient 
factors and site, size, and location of the tumor 
[14].

42.2.1.10  Monitored Anesthesia Care
Local anesthesia with intravenous sedation is 
most commonly used for PRFA of small 
HCC. However, rarely some patients may experi-
ence severe pain and anxiety resulting in termina-
tion of procedure and insufficient tumor ablation 
area [13, 15].

42.2.1.11  General Anesthesia
The location of tumor adjacent to the parietal 
peritoneum is an independent risk factor of higher 
pain level during PRFA of HCC [16]. It may be 
due to stimulation of thermal or multimodal noci-
ceptors in the parietal peritoneum. Large tumor, 
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history of multiple ablations and longer duration 
of ablation are other risk factors related to intra- 
procedural pain [16]. Therefore, general anesthe-
sia (GA) should be preferred in these situations. 
Another advantage of GA is that by reducing 
hepatic blood flow, can increase the ablation 
diameter [15, 17].

For PRFA of small HCC, Lai et  al. reported 
that the patients who opted for GA were at 
reduced risk of recurrence but no effect on over-
all survival compared to epidural anesthesia [17]. 
In another retrospective study, Kuo et al. demon-
strated that PRFA under GA did not alter recur-
rence and overall survival rate as compared to 
non-GA group [15]. However, the patients under-
going RFA with GA required fewer sessions to 
obtain an equivalent complete response than non-
 GA group and shorter hospital stay [15]. In GA 
group, controlled ventilation allowed operator to 
place needle more precisely due to longer time 
interval between the breaths [15]. One limitation 
of GA is inability to provide post procedural 
analgesia.

42.2.1.12  Epidural Anesthesia
Literature about the role of epidural anesthesia 
for PRFA is very limited. Recently in a retrospec-
tive study, Choi et al. reported that thoracic epi-
dural anesthesia was associated with shorter 
procedure time, lower post procedural pain and 
lower opioid consumption during and after the 
procedure as compared to MAC group [13]. 
However, epidural may have limited role in case 
of coagulopathy because of hepatic cirrhosis. The 
advantage of epidural anesthesia is ability to pro-
vide post procedural analgesia.

42.2.1.13  Thoracic Paravertebral 
Block

Thoracic paravertebral block (TPVB) represents 
another method of providing anesthesia for 
PRFA.  TPVB is an anesthetic technique of 
depositing local anesthesia at the emergence of 
the spinal nerves from the thoracic intervertebral 
foramina [18]. Ning et al. used the right TPVB 
for anesthesia during PRFA of hepatic tumors in 
20 patients and concluded as a safe and effective 
technique for the anesthetic management of 

PRFA of hepatic tumors [19]. Piccioni et  al. 
evaluated the efficacy and safety of TPVB (with-
out sedation) in 12 patients with hepatic tumors 
undergoing PRFA and concluded that TPVB 
produced satisfactory unilateral anesthesia with 
minor side effects [20]. Gazzera et al. evaluated 
the efficacy of ultrasound-guided TPVB for 
PRFA in 30 patients with liver tumors. 
Significantly, ten patients (33.3%) experienced 
moderate-to-severe pain that required IV seda-
tion [18]. Recently, Elyazed et al. assessed and 
compared the efficacy of TPVB with that of 
local anesthetic (LA) infiltration with sedation, 
for the anesthetic management of PRFA of liver 
tumors. VAS was significantly lower in TPVB 
group than LA group during and after the proce-
dure. Number of patients requiring GA was sig-
nificantly higher in LA group. Thus, concluded 
TPVB as safe and more effective than LA with 
sedation in relieving pain during PRFA proce-
dure of hepatic tumors [21].

The failure to achieve total visceral anesthesia 
as a result of the inability to block the ipsilateral 
parasympathetic as well as left sided sympathetic 
fibers may be considered a major drawback of a 
unilateral TPVB [18, 21]. The average complica-
tion rate reported in the literature varies between 
2.6 and 5%: the most common reported compli-
cations are hypotension (4.6%), hematoma due to 
the accidental puncture of vessels (3.8%), pleural 
lesions (1.1%) and pneumothorax (0.5%) [18].

42.2.2  Anesthesia for Interventional 
Radiology for Post-Liver 
Transplant Patients

Liver transplant recipients have benefited from 
major technological advances in the field of 
IR. The role of IR in post-transplant period is to 
provide treatment for vascular and biliary com-
plications. Thus, improving graft and patient sur-
vival and avoiding surgical revision and 
re-transplantation [22].

For IR interventions in immediate post- 
transplant period, patient may be hemodynami-
cally unstable, may be intubated, on mechanical 
ventilation and acidotic. The role of anesthesiolo-
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gist is to transport these sick recipients from 
intensive care unit to the radiology suite safely 
and maintain hemodynamics and hemostasis dur-
ing the procedure. Coagulation monitoring 
should be done using whole blood viscoelastic 
tests.

Patients with late complications may have 
graft dysfunction in form of deranged liver tests, 
coagulation defects. The clinical presentation of 
vascular complications is often indistinguishable 
from other post transplantation complications 
(biliary complications, rejection, graft dysfunc-
tion, infections) [22]. The type of immunosup-
pressive regime and their side effects, its 
interaction with anesthesia and other drugs also 
need to be considered [23]. These issues are dis-
cussed extensively elsewhere in this book.

42.2.2.1  Hepatic Artery 
Complications

Hepatic artery thrombosis (HAT) is a potentially 
life-threatening complication of liver transplant. 
Graft dysfunction is more commonly seen in 
early HAT (less than 1  month after transplant), 
whereas biliary complications are more common 
in late HAT [24]. For HAT, preferred endovascu-
lar intervention for revascularization is catheter 
directed thrombolytic therapy [22, 24]. 
Thrombolytic therapy in the very early post- 
transplant period is associated with a high risk of 
bleeding complications [24]. For hepatic artery 
stenosis, endovascular management includes per-
cutaneous transluminal angioplasty and stent 
placement [22, 24]. Regarding anesthesia of 
choice, there is no published data but author feel 
it should be done under monitored anesthesia 
care. GA is rarely required.

42.2.2.2  Portal Vein Complications
Endovascular management for portal vein steno-
sis is usually performed through percutaneous 
transhepatic angioplasty [22, 24]. Patients with 
portal vein stenosis may be asymptomatic or may 
have clinical symptoms of portal hypertension, 
such as ascites, splenomegaly, gastrointestinal 
tract bleeding, and thrombocytopenia. This tran-
shepatic approach can cause bleeding, so MAC is 
the preferred choice of anesthesia [22]. 
Periprocedural anticoagulation may be required.

42.2.2.3  Biliary Complications
Complications include biliary stricture, bile leak-
age, biliary stones, and bilomas [22]. Biliary 
obstructions and leaks usually require interven-
tions. Endoscopic retrograde cholangiopancrea-
tography (ERCP) is used to treat biliary 
complications in patients with duct to duct anas-
tomosis [22]. In case of choledochojejunostomy 
or failure of ERCP, percutaneous transhepatic 
cholangiography (PTC) is preformed to manage 
biliary complications followed by biliary drain 
placement [22]. Possible complications of PTC 
are hemobilia, intra or extrahepatic hematoma, 
and fever with bacteremia. Multiple sessions of 
PCT are required. PTC should be performed 
under monitored anesthesia care [22]. Intravenous 
antibiotic prophylaxis should be administered 
before all procedures.

42.3  Conclusion

The ability of interventional radiology to treat the 
lesions or complications noninvasively with min-
imal morbidity helps in avoiding the need of sur-
gical explorations and retransplant. Coordination 
of care between surgeons, interventional radiolo-
gist, and anesthesiologist in transplant team is 
crucial for the successful treatment of transplant 
patients. The anesthesiologist must focus on pro-
viding anesthetic and perioperative care by ensur-
ing familiarity with the expanding range of IR 
procedures.

Key Points
• IR is a key component of liver trans-

plantation program.
• TIPS procedure though minimally inva-

sive can results in vast changing in por-
tal hemodynamics.

• Post-TIPS procedure neurological eval-
uation is necessary to rule out hepatic 
encephalopathy.

• Biliary complications are more common 
in living donor liver transplantation.

• MAC may need to be converted to gen-
eral anesthesia during the IR procedure.
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Abbreviations

ACLF Acute on chronic liver failure
AKI Acute kidney injury
AKIN Acute kidney injury network
ALF Acute liver failure
AOPP  Advanced oxidative protein 

products
APASL  Asian Pacific Association for the 

study of liver
ATN Acute tubular necrosis
ATP Adenosine triphosphate
CAM  Complementary and alternative 

medicines
CK18 Caspase-cleaved keratin18
CLD Chronic liver disease
CLIF Chronic liver failure
CRP C-reactive protein
CRRT  Continuous renal replacement 

therapy
CysC Cystatin C
DAMP  Damage associated molecular 

patterns
DDLT Deceased donor liver transplant
EASL  European Association for the study 

of liver

eGFR Estimated glomerular filtration rate
FPSA  Fractionated plasma separation and 

adsorption
G-CSF  Granulocyte colony stimulating 

factor
HBV Hepatitis-B virus
HCC Hepatocellular carcinoma
HE Hepatic encephalopathy
HIV Human immunodeficiency virus
HMGB1 High mobility group protein B1
HRS Hepatorenal syndrome
iACLF Infection related
ICA International club of ascites
ICU Intensive care unit
IL Interleukin
IL-1RA IL-1 receptor antagonist
INR International normalized ratio
K18 Keratin 18
KCH King’s College Hospital criteria
KIM-1 Kidney-Injury molecule
LDLT Living donor liver transplant
L-FABP Liver fatty acid binding protein
LPS Lipopolysaccharide
LT Liver transplant
MAP Mean arterial pressure
MARS  Molecular adsorbents recirculatory 
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MELD Model for end-stage liver disease
MERTK Mer tyrosine-protein kinase
MHE Minimal hepatic encephalopathy
NAC N-acetyl cysteine
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NACSELD  North American consortium for the 
study of end-stage liver disease

NASH Non alcoholic steatohepatitis
NGAL  Neutrophil gelatinase-associated 

lipocalin
OLT Orthotopic liver transplantation
PAMPs  Pathogen-associated molecular 

patterns
PICD  Paracentesis induced circulatory 

dysfunction
PIRO  Predisposition, injury, response, 

organ failure
RAAS Rennin–Angiotensin aldosterone
ROTEM Rotational thromboelastometry
SBP Spontaneous bacterial peritonitis
SIRS  Systemic inflammatory response 

syndrome
SOFA  Sequential organ failure 

assessment
SPAD Single-pass albumin dialysis
TEG Thromboelastography
TNF-α Tumor necrosis factor alpha

43.1  Introduction

The incidence of acute on chronic liver failure 
(ACLF) has been steadily increasing secondary 
to excessive alcohol use, usage of over-the- 
counter hepatotoxic drugs, complementary and 
alternative medicines, and the rising epidemic of 
non-alcoholic fatty liver disease [1–3]. Almost 
one in four outpatients with decompensated cir-
rhosis patients develop ACLF [4]. There are dif-
ferent definitions for ACLF but the two most 
widely accepted and validated are the one pro-
posed by the Asian Pacific Association for the 
Study of Liver (APASL) [1–3] and the second by 
the European Association for the Study of Liver 
(EASL) Chronic Liver Failure (EASL-CLIF) 
consortium [5]. Following this, the world gastro-
enterology organization had combined the two 
definitions stratifying ACLF patients into three 
types [6] based on the underlying severity of 
chronic liver disease. It is challenging to have a 
unified definition of ACLF to develop treatment 
protocols, prognostic scores as well as stratifica-

tion for an emergency liver transplantation. 
Research exploring liver regenerative therapies, 
artificial liver support systems, strategies target-
ing systemic inflammation, and management of 
bacterial infections which are a key driver of 
extrahepatic organ failures is an unmet need [1]. 
Until, these therapies are able to conclusively 
improve transplant-free survival, liver transplant 
remains the only definitive treatment option for 
these patients [1–6].

43.2  Definitions of ACLF

The Asian pacific association for the study of 
liver (APASL) defines ACLF as an acute hepatic 
insult manifesting as jaundice (serum bilirubin 
≥5 mg/dL) and coagulopathy (INR ≥1.5 or pro-
thrombin activity <40%) complicating within 
4 weeks by clinical ascites and or encephalopathy 
in a patient with previously diagnosed or undiag-
nosed chronic liver disease and is associated with 
high 28-day mortality [1–3]. Conceptually, the 
APASL definition of ACLF specifies the syn-
drome wherein there is liver failure precipitated 
by an acute hepatic insult in a patient with com-
pensated chronic liver disease. The acute insults 
include hepatitis B reactivation as the commonest 
cause in the Asia Pacific, followed by alcohol and 
drugs [1, 7–9]. Alcohol is the most common 
cause of acute insult in several Asian countries 
for instance in the Indian subcontinent. Super- 
infection with hepatitis E virus is also an impor-
tant cause in the Indian subcontinent [1–3, 9]. 
Hepatotoxic drugs and complementary and alter-
native medicines (CAM) are other important con-
tributing causes of acute insult causing the 
syndrome of ACLF. Drugs used for treatment of 
tuberculosis are next most important cause of 
drug induced acute liver failure especially 
reported from the Indian subcontinent [7]. The 
definition of ACLF excludes non-hepatic causes 
as acute insult for instance acute variceal bleed 
and particularly sepsis. According to APASL, 
sepsis is a consequence and not a cause for liver 
failure. The common causes of underlying 
chronic liver disease include alcohol, NASH, and 
hepatitis B and C [1–3].
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The second most popular definition of ACLF 
is that proposed by the Chronic Liver Failure 
(CLIF) acute-on-Chronic Liver Failure in 
Cirrhosis (CANONIC) definition of ACLF [5, 10, 
11]. According to this definition, ACLF is defined 
as “an acute deterioration of pre-existing chronic 
liver disease, usually related to a precipitating 
event and associated with increased mortality at 
3  months due to multisystem organ failure.” 
ACLF is defined and graded as ACLF grade 0 if 
patients had single non-kidney organ failure [5] 
or had no kidney dysfunction defined as serum 
creatinine level 1.5 mg/dL and absence of hepatic 
encephalopathy. Patients with ACLF grade 1 
included patients with either single kidney failure 
(serum creatinine ≥2  mg/dL) or patients with 
single failure of either liver, coagulation, circula-
tion, or respiration defined according to the 
CLIF-SOFA score. Patients with kidney dysfunc-
tion (serum creatinine between 1.5 and 1.9 mg/
dL) and/or mild to moderate hepatic encephalop-
athy and patients with single cerebral failure 
(grade III or IV hepatic encephalopathy) and kid-
ney dysfunction were classified as ACLF grade 1. 
ACLF grade 2 included patients with any two 
organ failures and ACLF grade 3 included 
patients with 3 organ failures. The 28-day and 
90-day mortality rates increased with ACLF 

grades and were highest for ACLF grade 3, i.e., 
76.7% and 79.1%, respectively. The 28-day and 
90-day mortality rates of ACLF grade 1 were 
22.1% and 40.7%, respectively and for ACLF 
grade 2 were 32.0% and 52.3%, respectively [5, 
10, 11].

The North-American consortium has defined 
ACLF based on two or more organ failures. 
They define renal as requirement of dialysis, 
respiratory as requirement of mechanical venti-
lation, cerebral as grade III or IV hepatic 
encephalopathy and circulatory as requirement 
of vasopressors [12]. The way ACLF is defined 
based on these definitions is quite heterogenous 
and has generated confusion across the world. 
The context has become a bit more confused by 
inclusion of terms like hepatic and extrahepatic 
ACLF and infection related ACLF- iACLF.  A 
unifying definition of ACLF is an unmet need to 
have a clarity for the syndrome and to differenti-
ate it from patients with decompensated cirrho-
sis with organ failures. The APASL recommends 
for homogeneity by avoiding extrahepatic organ 
failures and sepsis in the definition of ACLF [1]. 
A comparison of the different definitions is 
given in Table 43.1 and a summary of existing 
studies on ACLF has been highlighted in 
Table 43.2.

Table 43.1 Comparison of different definitions of acute on chronic liver failure

APASL EASL-CLIF NACSELD WGO
Basis of 
definition

Consensus of international 
experts

CANONIC study Prospective study Consensus of 
international experts

Definition Liver failure is defined as 
jaundice (a serum 
bilirubin level of ≥5 mg/
dL) and coagulopathy (an 
INR of ≥1.5 or 
prothrombin activity of 
<40%). Liver failure is 
complicated within 
4 weeks by clinical ascites 
and/or encephalopathy in 
patients with previously 
diagnosed or undiagnosed 
chronic liver disease 
(including cirrhosis)

ACLF is a syndrome 
characterized by acute 
hepatic decompensation 
resulting in liver failure 
(jaundice and 
prolongation of the 
INR) and one or more 
extrahepatic organ 
failures that is 
associated with 
increased mortality 
within a period of 
28 days and up to 
3 months from onset

(continued)
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Table 43.1 (continued)

APASL EASL-CLIF NACSELD WGO
Study 
population

1343 patients in 12 
European countries

507 patients in 
USA and Canada

Included 
population

Decompensation on 
existing CLD (including 
cirrhosis) of any etiology

1. Decompensation in 
cirrhosis

1. Infection at 
admission or 
during hospital 
stay

Existing CLD 
(including cirrhosis)

2. Prior episodes of 
decompensation of 
cirrhosis

2. Prior episodes of 
decompensation of 
cirrhosis

Excluded 
population

1. Bacterial infections 1. HCC 1. HIV

2. Prior episodes of 
decompensation of 
cirrhosis

2. Chronic medical 
illnesses unrelated to 
hepatic disease

2. Organ transplant

3. HIV infection 3. Disseminated 
malignancies

4. 
Immunosuppression 
treatment

Organ 
failure 
defined as:
Liver Total bilirubin ≥5 mg/dL 

and INR ≥1.5
Bilirubin level of 
>12 mg/dL

Kidney Acute kidney injury 
network criteria

Creatinine level of 
≥2.0 mg/dL or renal 
replacement

Need for dialysis 
or other forms of 
renal replacement 
therapy

Brain West-haven hepatic 
encephalopathy grade 3–4

West-haven hepatic 
encephalopathy grade 
3–4

West-haven hepatic 
encephalopathy 
grade 3–4

Coagulation INR ≥1.5 INR ≥2.5
Shock Use of vasopressors MAP <60 mm hg 

or a SBP reduction 
of 40 mm hg from 
baseline, despite 
adequate fluid 
resuscitation and 
cardiac output

Lungs PaO2/FiO2 of ≤200 
or SpO2/FiO2 of 
≤214 or need for 
mechanical 
ventilation

Need for 
mechanical 
ventilation
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43.3  Pathogenetic Basis of ACLF 
(Fig. 43.1)

43.3.1  Systemic Inflammation

The presence of low-grade systemic inflamma-
tion in patients with stable or decompensated 

cirrhosis is considered to cause or augment rele-
vant clinical signs and symptoms such as hyper-
dynamic circulation, fatigue, or minimal hepatic 
encephalopathy (MHE) [13, 14]. The etiology of 
cirrhosis could be chronic infections secondary 
to viruses, drugs, alcohol or autoimmune dis-
eases. The progression of liver damage, fibro-

Predisposition
Chronic Liver disease
Hepatic reserve
Gut dysbiosis

Acute Insult
(alcohol, virus

drug, cryptogenic)

Kidneys Immune system Lungs Brain Heart

Accumulation of vasoactive toxins, endothelial
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Inflammation, acute portal hypertension

Elevated

Damaged
enterocyte monocytes

DCs

KCs

Neutrophils

T regs

Th 17

Endotoxin/LPS
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inflammatory
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Fig. 43.1 The PIRO concept of ACLF. The PIRO con-
cept i.e. (Predisposition, Injury, Response, Organ Failure) 
which has been used for stratifying patients of any acute 
illness can well be used for patients with ACLF.  PIRO 
incorporates assessment of pre-morbid baseline suscepti-
bility (predisposition) factors which includes the underly-
ing hepatic reserve and gut dysbiosis which have an 
influence on the course of the disease. The injury includes 
the specific factor causing acute illness (insult) which 
includes viral, drugs, alcohol in patients with acute on 
chronic liver failure (ACLF). The acute insult in turn 
incites the host response. In patients with ACLF, the acute 
insult activates the Kupffer cells localized to the hepatic 
sinusoids, through toll-like receptor 4 (TLR4), 
 complement receptors (C3R and C5R), and damage-asso-
ciated-molecular-patterns (DAMPs) which results in 
increased release of proinflammatory and anti-inflamma-
tory cytokines, endotoxin, prostaglandins, bile acids, 
lysosomal, and proteolytic enzymes. The activation of the 
hepatic stellate cells by the Kupffer cells produces vasoac-
tive mediators like endothelin-1, thromboxane A2, nitric 
oxide, and prostaglandins which lead to a perturbed 
hepatic microcirculatory function, endothelial dysfunc-
tion, and an acute increase in the portal pressure. The 

response of the host to the inciting insult which is mea-
sured as systemic inflammatory response syndrome which 
is commonly assessed by the physiological variables and 
can progress to a compensatory anti-inflammatory 
response syndrome (CARS) causes infections and sec-
ondary organ failures. The last component of the PIRO 
incorporates organ failures which includes organs of util-
ity, i.e. the brain and kidneys and organs of futility that is 
circulation and respiration which contraindicate a liver 
transplant. The PIRO concept is especially useful in dis-
eases like ACLF where the clinicians have limited thera-
peutic options in their armamentarium and therefore a 
stratification system enables identification of a possible 
clinical trajectory, to predict outcome much early, allow-
ing allocation of the best treatment options to the patients 
before the development of organ failure what is called as 
the “golden window” of therapeutic intervention. ACLF 
acute-on-chronic liver failure, SIRS systemic inflamma-
tory response syndrome, DAMP damage-associated 
molecular pattern, DCs dendritic cells, KC kupffer cells, 
eNOS endothelial nitric oxide synthase, LPS lipopolysac-
charide, MODS multiorgan dysfunction syndrome, PV 
portal vein, TGFβ transforming growth factor beta, TH17 
cell type 17T helper cell, TREG cell regulatory T cell

M. Gupta and R. Maiwall



579

genesis, and sinusoidal portal hypertension 
results in production of damage associated 
molecular patterns (DAMPS) which could be 
derived from the nucleus, i.e., high-mobility 
group protein B1 (HMGB1), histones, ATP, 
derived from cytoplasmic membrane, i.e. glypi-
can and syndecan, from mitochondria or endo-
plasmic reticulum like calreticulin [15–17]. 
These DAMPs could initiate sterile inflamma-
tion and result in activation of the innate and 
adaptive immune system. At the same time, cir-
rhosis is characterized by gut dysbiosis, increase 
in gut permeability and enhancement of local 
intestinal inflammation with endogenous endo-
toxemia, and impairment of local intestinal 
defenses [15–17]. In animal models of liver cir-
rhosis, endotoxin-mediated tumor-necrosis-fac-
tor-alpha (TNF-α) is implicated in other organ 
dysfunction, worsening of systemic vasodilata-
tion with impairment of cardiac contractility. All 
these effects could be abrogated by fecal micro-
bial transplantation [18, 19]. In a study from 
EASL-CLIF consortium it was demonstrated 
that higher grades of systemic inflammation in 

ACLF were associated with higher incidence of 
organ failures which also differentiated them 
from patients with acute decompensation of cir-
rhosis [20]. Trebicka et  al. evaluated baseline 
plasma levels of 15 cytokines, chemokines, and 
oxidized albumin) in 161 patients with ACLF 
which were compared to 40 healthy controls, 39 
patients with stable compensated cirrhosis, and 
342 patients with acute decompensation of cir-
rhosis. They observed that these markers were 
significantly elevated in patients with ACLF and 
in those patients with acute decompensation who 
finally succumbed at 28 days of systemic inflam-
mation [21]. Considering systemic inflammation 
as the key driver of organ failures, the concept of 
“golden-window” has been proposed by the 
APASL (Fig.  43.2). In a study by Chowdhury 
and colleagues the relevance of SIRS was shown 
in patients with ACLF [22]. It was seen that 
 presence, persistence, and development of new 
SIRS was associated with worse outcomes in 
patients with ACLF while resolution was associ-
ated with improved outcomes. Therefore, 
dynamicity of SIRS has an important prognostic 
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Fig. 43.2 The “Golden-Window” of therapeutic inter-
vention in patients with ACLF. Systemic inflammation as 
the key driver of infection and multiorgan failure in 
patients with ACLF. The first 2 weeks provide the “golden- 
window” of targeted strategies for combating systemic 
inflammation using liver support therapies, immunomod-

ulation, and potentiation of liver regeneration using gran-
ulocyte colony stimulating factor (G-CSF) or modulation 
of gut dysbiosis using fecal microbial transplant for 
patients with ACLF as a possible bridge toward spontane-
ous recovery or liver transplant

43 Acute on Chronic Liver Failure: An Update



580

implication in patients with ACLF.  Altogether, 
SIRS in patients with ACLF can lead to a state of 
immunodysfunction which is a harbinger of sep-
sis and multiorgan failure. SIRS and or infection 
in these patients results in cell-death by causing 
deprivation of oxygen and energy from the tis-
sues [23].

43.3.2  Immunodysfunction 
in Patients with ACLF

Patients with ACLF not only have state of sys-
temic inflammation but at the same time a state of 
prolonged and suppressed state of immune 
exhaustion has been well-described in these 
patients. These patients characteristically have 
increased concentrations of ant-inflammatory 
cytokines, i.e., interleukin-10 (IL-10) or IL-1 
receptor antagonist (IL-1RA) [24]. The cells of 
the innate immune system, for instance, the 
monocytes are even though increased in fre-
quency and display an activated phenotype but 
have failure to respond to stimulation with bacte-
rial lipopolysaccharide (LPS). An increase in the 
number of peripheral blood monocytes express-
ing the tyrosine-protein kinase Mer (encoded by 
MERTK) which has anti-phagocytic functions 
has also been shown [25]. Changes in the adap-
tive immune system i.e. a lower frequency of 
naïve helper and suppressor T-cells while the 
number of activated T-cells is inappropriately 
noted in patients with ACLF.  The state of 
cirrhosis- associated immune dysfunction is fur-
ther exaggerated in patients with ACLF which is 
characterized by defects in phagocytosis, com-
plement presentation, defects in innate and adap-
tive immunity, and defects in clearance of 
intestinal and bacterial pathogens [26]. 
Continuous exposure of bacterial derived 
pathogen- associated molecular patterns (PAMPs) 
and DAMPs amidst a state of sustained inflam-
mation results concomitantly to state of immuno-
suppression in these patients [27].

43.3.3  Intestinal Inflammation 
and Gut Dysbiosis

Patients with cirrhosis have loss of gut barrier 
integrity secondary to an increase in the inflam-
matory mediators which downregulate the tight 
junctions causing leaky gut and associated bacte-
rial translocation. Intestinal dysbiosis is a hall-
mark of patients with ACLF [28–32]. There is 
alteration of the gut microbial environment which 
is characterized by a shift to pathogenic bacterial 
species (e.g. Enterococcus spp.) and a decrease in 
the number of beneficial bacterial species (e.g. 
Bifidobacterium spp.) Concomitant to this, these 
patients have alteration in the gut motility, a 
reduction in the antimicrobial proteins, altered 
composition of bile salts and reduction in the gas-
tric acid which gets exacerbated by the use of pro-
ton pump inhibitors. All this results in  an increase 
in the translocation of gut-derived pathogens, i.e. 
LPS, flagellin, etc. which exacerbates systemic 
inflammatory response syndrome and leads to the 
development of bacterial infections. Amongst all 
etiologies, patients with alcohol have the highest 
gut associated dysbiosis and altered permeability 
because of the direct effects of alcohol itself in 
these changes [18, 19, 28–32].

43.3.4  Infections

Patients with ACLF develop an increased fre-
quency of infections which are both 
 community- acquired and nosocomial infections. 
Spontaneous bacterial peritonitis, gastrointestinal 
hemorrhage or hepatic encephalopathy are known 
risk factors for development of infections in 
patients with ACLF [1–6]. Patients of ACLF fre-
quently develop both bacterial and fungal infec-
tions [33, 34]. Prophylactic antibiotics are 
therefore recommended in these situations to 
lower the risk of bacterial infections. The diagno-
sis of bacterial infection, however, remains a chal-
lenge. Currently, there are no rapid diagnostic 
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methods for the diagnosis of occult infections and 
culture methods are the only definite proof of the 
presence of infections in these patients. Serum 
procalcitonin and C-reactive protein (CRP) in 
combination have a positive predictive value of 
more than 90% for the diagnosis of bacterial infec-
tion. A cut-off level of CRP of more than 24.7 ng/
mL and serum procalcitonin of more than 
0.47 μg/L is used for recommending prophylactic 
antibiotics [35]. The degree of systemic inflamma-
tion is could also be determined by the white cell 
counts and the use of neutrophil to lymphocyte 
ratio [5, 36]. A number of other pro- inflammatory 
markers, i.e. tumor necrosis factor alpha (TNF-α), 
interleukin-6 (IL-6), and IL-8 have been evaluated 
in these patients other markers, i.e., caspase-
cleaved keratin18 (CK18) and keratin 18 (K18) 
are reflective of apoptotic and total cell death, 
respectively, and cK18: K18 ratio is known to 
increase with the severity of ACLF [37, 38]. 
However, currently none of the biomarkers can 
reliably differentiate sterile inflammation from 
infection. Infections are important triggers for the 
development of ACLF by causing organ failures 
which is associated with high mortality in the 
absence of liver transplantation. It is recommended 
to consider the site and acquisition of infection as 
well as the local microbiological profile to decide 
the choice of prophylactic antibiotics in patients 
with ACLF.  In a large multicentric-multinational 
study global study performed to capture the data 
on bacterial infections across the globe regional 
differences were observed in the spectrum of 
infections in patients with cirrhosis. In the asian 
countries, particularly India a predominance of 
multidrug resistant infections was observed which 
was were associated with a higher incidence of 
organ failures, prolonged ICU stay, and higher 
mortality [39]. Choice of appropriate empirical 
antibiotics was associated with improved out-
comes. As a protocol, the patients should be reas-
sessed at 48–72 h for de-escalation of antibiotics 
after the culture report.

43.4  The Concept of Tolerance 
in ACLF

Sepsis is defined as the host response to a bacte-
rial pathogen. Infections in patients with ACLF 
can directly impact or damage the tissues or 
cause stimulation of the immune system resulting 
in the release of pro-inflammatory cytokines 
which cause end-organ dysfunction or failure. 
The host response is related to the intrinsic toler-
ance. It has been well-documented that as com-
pared to patients with decompensated cirrhosis, 
who are exposed to repeated prior episodes of 
bacterial infection and chronic endotoxemia, 
patients with ACLF respond poorly to contain-
ment of bacterial infections because of failure of 
protective mechanisms of tolerance [40].

43.4.1  Assessment of Liver 
and Extrahepatic Organs 
in Patients with ACLF

43.4.1.1  Liver Failure
According to the APASL definition the liver 
remains at the core of the entire syndrome of 
ACLF [1–3]. All patients therefore have liver 
failure which is manifested by jaundice, coagu-
lopathy and/or ascites, and hepatic encephalop-
athy. Majority of patients with ACLF have 
ascites which is a consequence of underlying 
chronic liver disease, hemodynamic alterations 
secondary to systemic inflammation, and the 
development of acute portal hypertension. The 
severity of liver failure therefore is determined 
by the degree of jaundice, coagulation impair-
ment, and the degree and severity of ascites [1–
3]. Development of any grade of hepatic 
encephalopathy and its persistence is associated 
with worse clinical outcomes. Assessment of 
hepatic reserve would be  worthwhile to deter-
mine the potential of spontaneous liver regen-
eration in patients with ACLF.
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43.4.1.2  Coagulation Failure
Assessment of coagulation can be performed by 
standard tests, i.e., the international normalized 
ratio, platelet counts, and serum fibrinogen lev-
els. In patients with decompensated cirrhosis, an 
intricate balance is noted between coagulation 
and fibrinolysis and is usually procoagulant [41]. 
The state of coagulation in patients with ACLF 
should be assessed by thromboelastography 
(TEG) or rotational thromboelastometry 
(ROTEM) [42, 43]. In a single-center prospective 
study consecutive patients of ACLF without sep-
sis were recruited and assessed by TEG and other 
specific assays (Factor VIII, von Willebrand fac-
tor, protein C and antithrombin III and followed 
for development of sepsis, bleeding events and 
overall outcomes [44]. A hypocoagulable TEG at 
baseline was an independent predictor of not only 
bleeding events but also mortality. The global 
coagulation index, lower levels of protein C, anti- 
thrombin III, and tissue plasminogen activator 
levels predicted 28-day mortality after adjusting 
for patient demographics and the MELD scores. 
Furthermore, during bleeding correction of coag-
ulation using either ROTEM or TEG could also 
limit transfusion related adverse effects in 
patients with AC LF and may result in targeted 
coagulation correction.

43.4.1.3  Kidney Dysfunction or 
Failure

Kidneys are one of the most frequent extrahe-
patic organs that are affected in patients with 
ACLF. Acute kidney injury is reported in 22.8–
34% of patients with ACLF [45]. Kidneys in 
patients with ACLF should be assessed using the 
relative changes in serum creatinine or by mea-
suring urine output in hospitalized patients rather 
than relying on serum creatinine. This is because 
various factors influence the serum creatinine 
estimation which might result in underdiagnosis 
of renal dysfunction [45]. Use of biomarkers like 
serum cystatin C could be helpful in early detec-
tion of AKI in patients with ACLF.  The AKI 
spectrum has also not been well-studied in 
patients with ACLF. These patients have predom-
inance of structural AKI secondary to a higher 
prevalence of bacterial infections, systemic 

inflammation, high serum bilirubin, and predom-
inance of circulatory dysfunction [46, 47].

43.4.1.4  Spectrum of AKI in ACLF
Patients with ACLF have acute portal hyperten-
sion, the main abnormality causing renal dys-
function in these patients is severe systemic and 
splanchnic vasodilatation which leads to 
decreased effective arterial blood volume and 
activation of the renin–angiotensin aldosterone 
(RAAS), the sympathetic nervous system and 
non-osmotic release of antiduiuretic hormone 
which causes salt and water retention. The patho-
genetic basis of renal dysfunction in ACLF is 
quite different from that of patients with decom-
pensated cirrhosis. Majority of patients have 
structural kidney damage as assessed by micro-
scopic urinalysis and renal biomarkers. Severity 
of systemic inflammation, bacterial infections, 
cholemic nephropathy are most common reasons 
for structural kidney damage [1–3, 45–48].

43.4.1.5  Prediction of AKI in ACLF
In a large multicenter multinational prospective 
study of patients with ACLF from the Asia 
Pacific, a predictive score was developed for 
identification of the development or progression 
of AKI in patients with ACLF.  The score was 
developed on the concept of PIRO, i.e. predispo-
sition, injury, response and organ failure which 
was initially developed for patients with sepsis. 
Components of the predisposition component 
included high urea, serum creatinine, potassium, 
and serum bilirubin. In the injury component, the 
use of nephrotoxic drugs was identified as an 
important predictor, response component 
included presence of systemic inflammatory 
response syndrome, and organ failure included 
presence of low mean arterial pressure. Patients 
of ACLF could be risk stratified for AKI using the 
PIRO score for additional therapeutic interven-
tions targeting the components of PIRO [48].

43.4.1.6  Diagnosis of AKI in Patients 
with ACLF

Considering the limitations of serum creatinine 
in patients with ACLF and especially in context 
of intensive care unit stay retention of urine out-
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put criteria may be relevant in the diagnosis of 
AKI in these patients [49]. However, this needs 
validation in patients with ACLF. The data from 
the AARC database suggested a lower value of 
serum creatinine is more relevant in patients with 
ACLF.  Serum creatinine above 0.7  mg/dL (as 
derived from the AARC score) has a sensitivity 
of 78% and specificity of 36% for prediction of 
30-day mortality in patients with ACLF. For the 
diagnosis of kidney failure, the conventional cut- 
off of 1.5 mg/dL even though had a low sensitiv-
ity of 48% but had a specificity of 99.8% for 
30-day mortality [3]. The revised consensus cri-
teria for AKI in patients with ACLF lead down by 
the international club of ascites suggest diagnosis 
of AKI using the AKIN criteria. In patients with 
stage 1 AKI or those with serum creatinine less 
than 1.5 mg/dL should be managed by removal of 
the precipitating cause and conservative mea-
sures. Patients who have stage 2 or 3 AKI and 
those with serum creatine above 1.5  mg/dL 
should undergo volume expansion with intrave-
nous albumin. Kidney failure (serum creatinine 
≥1.5 mg/dL) was seen in 22% of ACLF patients 
at baseline and developed in another 30% within 
a month [50]. The majority of patients of ACLF 
developed new episodes of AKI in the first 
2  weeks (11%). Apart from the severity, the 
course of AKI was seen to be an important pre-
dictor of clinical outcomes. Patients with AKI 
resolution have improved outcomes while those 
with either AKI progression or persistence have 
worse outcomes [3].

43.5  Role of Biomarkers

43.5.1  Biomarkers of Glomerular 
Injury

43.5.1.1  Cystatin C
Cystatin C is a nonglycosylated protein with low 
molecular weight (13 kDa), has a constant rate of 
production and concentration of cystatin C is 
determined by glomerular filtration. It is, there-
fore, considered as an early marker of glomerular 
dysfunction. We have demonstrated the role of 
serum cystatin C in a large prospective cohort 

study in patients with cirrhosis, wherein it has 
been shown as a marker of renal reserve to pre-
dict development of new AKI episode and chronic 
kidney disease [47, 51]. In patients with hepati-
tis- B virus (HBV) related ACLF CysC was shown 
to accurately predict AKI even in patients with 
normal serum creatinine [52].

43.5.2  Biomarkers of Proximal 
Tubular Damage

43.5.2.1  Kidney Injury Molecule 
(KIM-1)

Kidney injury molecule-1 is a type 1 transmem-
brane glycoprotein which is comprised of an 
immunoglobulin and mucin domain. Under nor-
mal conditions, KIM-1 protein is only minimally 
expressed in kidney tissue or urine but is shed 
from the proximal tubules with tubular dysfunc-
tion wherein it can be detected in the urine by 
immunoassay. It is known to be upregulated in 
response to renal ischemia or nephrotoxic insult 
and is also believed to participate in the regenera-
tion process after epithelial injury [53].

43.5.2.2  Liver Fatty Acid Binding 
Protein (L-FABP)

Fatty-acid protein bindings (FABPs) facilitate 
transfer of fatty acids between intra and extracel-
lular membranes. They also have a role in the 
amelioration of cellular oxidative stress by inhi-
bition of the toxic effects of oxidative intermedi-
ates on cellular membranes. In the normal healthy 
state, urinary L-FABP is undetectable; however, 
under states of renal ischemia there is decreased 
proximal tubular reabsorption of L-FABP which 
is detected as increased excretion in urine [53].

43.5.2.3  Interleukine-18
Interleukine-18 (IL-18) is a proinflammatory 
cytokine which is synthesized in renal proximal 
tubular epithelial cells as well as monocytes and 
macrophages. The concentrations of IL-18 have 
also been demonstrated to be increased in post-
ischemic AKI following renal hypoxia. It can 
therefore be considered as an early biomarker of 
AKI in critically ill patients. It has also been 
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shown to correlate with poor clinical outcomes 
(death or requirement of renal replacement ther-
apy) in patients with sepsis [53].

43.5.3  Biomarkers of Distal Tubular 
Damage

43.5.3.1  Neutrophil Gelatinase- 
Associated Lipocalin

Neutrophil gelatinase-associated lipocalin 
(NGAL) NGAL belongs to the lipocalin super-
family (lipocalin 2, siderocalin). Both plasma 
and urine NGALs are increased after an episode 
of AKI.  Elevated urine NGAL originates from 
both proximal and distal nephron after a nephro-
toxic insult. Injury to proximal renal tubules pre-
cludes NGAL reabsorption and/or increase 
denovo NGAL synthesis secondary to upregula-
tion of NGAL mRNA in the distal nephron seg-
ments (especially in the thick ascending limb of 
Henle’s loop and the collecting ducts) [54].

43.5.4  Studies Assessing Markers 
of Tubular Injury in Patients 
with ACLF

The major challenge in patients with ACLF is to 
differentiate HRS associated with bacterial infec-
tions from ATN as it evolves through a continu-
ous spectrum. In fact, HRS patients who are 
non-responders to vasoconstrictors are known to 
have tubular dysfunction requiring prolonged 
RRT [45]. In another prospective study in patients 
with cirrhosis and bacterial infections, measure-
ment of urinary NGAL at infection diagnosis was 
reported to be useful in predicting clinical out-
comes, persistent AKI and type of AKI [55]. 
Interestingly, N-GAL also accurately predicted 
development of a second infection and 3-month 
mortality. In this study significantly higher 
uNGAL was noted in patients who developed 
persistent AKI and amongst these patients was 
able to discriminate type-1 HRS from other 
causes of AKI with accuracy. In another study 
done in 55 patients with an acute decompensa-
tion of cirrhosis a panel of 12 biomarkers was 

studied to differentiate ATN from other causes of 
AKI. In this study also, NGAL was identified as 
the best biomarker, others being IL-18, albumin, 
trefoil-factor-3 (TFF-3) and glutathione-S- 
transferase-π (GST-π) [53]. In a large prospective 
study performed in 716 patients with ACLF, urine 
and plasma NGAL levels were analyzed. The 
authors noted that the levels of urine NGAL were 
markedly elevated in patients with ACLF 
(108(35–400) vs. 29 (12–73) μg/g creatinine; 
p  <  0.001) and independently predicted 28-day 
mortality [54]. The authors proposed urine 
NGAL as a biomarker for patients with ACLF. In 
another study performed in patients with HBV- 
ACLF 280 patients were compared to 132 
patients with HBV-related decompensated cir-
rhosis (DC). The authors studied the levels of five 
urinary tubular injury including neutrophil 
gelatinase- associated lipocalin (NGAL), inter-
leukin- 18 (IL-18), liver-type fatty acid binding 
protein (L-FABP), cystatin C (CysC), and kidney 
injury molecule-1 (KIM-1). This was correlated 
to patient demographics, development and pro-
gression of AKI, and response to terlipressin 
therapy were recorded. The levels of urinary bio-
markers (NGAL, CysC, L-FABP, IL-18) were 
significantly elevated in patients with HBV- 
ACLF and AKI (ACLF-AKI), compared with 
that in patients with HBV-DC and AKI (DC-AKI) 
or those without AKI [56].

43.5.4.1  Management of AKI
According to the new consensus by the ICA for 
AKI, a new algorithm for the management of 
AKI based on the revised criteria has been pro-
posed. Based on this algorithm it is recommended 
that patients with initial AKI stage 1 should be 
managed by removal of all precipitants (careful 
review of medications, diuretics, nephrotoxic 
drugs, vasodilators or non-steroidal anti- 
inflammatory drugs). Second step is to consider 
plasma volume expansion in patients with hypo-
volemia (the choice of fluid could either be a 
crystalloid or albumin or even blood as indicated) 
along with identification and early treatment of 
bacterial infections. Patients who respond with a 
decrease in serum creatinine value of 0.3 mg/dL 
of the baseline value should be subsequently fol-
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lowed up for any new episodes of AKI. Patients 
who have progression, should be managed as 
ICA-AKI stage 2 and 3. In this group of patients, 
along with the institution of all measures as rec-
ommended for patients with stage 1 AKI a work 
up for the differential diagnosis should be done 
on an immediate basis to identify whether it is 
HRS-AKI, intrinsic AKI or post-renal cause. It 
was further decided by the panel of experts that 
for patients with stage 1 AKI who do not improve 
but have no progression further management can 
be decided based on the absolute value of serum 
creatinine and if the serum creatinine is more 
than 1.5 mg/dL it was recommended to consider 
the same protocol as for management for stage 2 
and 3 AKI. Patients with HRS-AKI are recom-
mended to be managed with early use of vaso-
constrictors based on the revised criteria for 
HRS-AKI (either with terlipressin or norepineph-
rine or midodrine plus octreotide). Management 
of non-responders to vasoconstrictors which con-
stitute a large group of patients therefore still 
remains an ongoing challenge. There is paucity 
of data on dialysis in patients with cirrhosis 
therefore there are no specific recommendations 
regarding the dose, the intensity, duration and 
time of initiation of dialysis in these patients 
[45]. We propose different management algo-
rithm with incorporation of antioxidants and anti- 
inflammatory strategies, early initiation of 
vasoconstrictors and extracorporeal support ther-
apies considering a higher incidence of structural 
AKI and poor response to vasoconstrictors [45, 
46, 48].

43.5.4.2  Cerebral Failure
Development and persistence of hepatic encepha-
lopathy is associated with a grim prognosis in 
patients with ACLF. The pathophysiology of HE 
is multifactorial and complex important factors 
include hyperammonemia, systemic inflamma-
tion, gut dysbiosis, genetic factors, bacterial 
infection, and insulin resistance [1–3]. Alcohol 
use and hyponatremia are other factors implicated 
in brain dysfunction in patients with 
ACLF. Contrary to patients with acute liver fail-
ure, cerebral oedema is rare and is observed in 5% 
of the patients with hepatic encephalopathy as 

reported in imaging studies [57]. Ammonia 
induces oxidative and cellular stress and in 
patients with ACLF. Whether higher levels of 
ammonia correlate with more severe grades of HE 
has not been studied in patients with ACLF [58]. 
Management involves identification and correc-
tion of precipitating factors should be identified 
and treated as required. Use of lactulose for bowel 
cleansing, non-absorbable antibiotics, novel 
ammonia lowering drugs, such as glycerol phen-
ylbutyrate and ornithine phenylacetate, have 
shown some promise but are still experimental. 
Use of liver dialysis for refractory hepatic enceph-
alopathy has shown some benefits. Abstinence of 
alcohol, strategies for systemic inflammation, use 
of antibiotics for infection, and treatment of dia-
betes may also improve hepatic encephalopathy 
by combating systemic inflammation [59].

43.5.4.3  Circulatory and Respiratory 
Failure

The revised consensus of APASL defined organs 
of utility and futility in patients with 
ACLF.  Among the extrahepatic organ failures, 
brain and kidneys are considered as organs of 
utility because even though dysfunction or failure 
of these organs is associated with worse progno-
sis but these do contraindicate liver transplant. 
On the contrary, data from Europe and America 
has suggested that protocols of excluding patients 
with severe circulatory or respiratory failure. In 
patients wherein transplant is performed dys-
function or circulation or respiration is associated 
with worse outcomes as compared to patients 
who did not have these organ failures [60].

43.6  Management of Patients 
with ACLF (Fig. 43.3)

43.6.1  Albumin

Albumin has an important role in the treatment of 
ACLF. Normal liver synthesizes 11–15 g of albu-
min, however, this capacity is reduced by 60–80% 
in patients with ACLF.  Albumin has colloid 
osmotic functions, is an important carrier of dif-
ferent substances, has anti-inflammatory and 
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Fig. 43.3 Management algorithm for acute on chronic 
liver failure. HBV hepatitis B virus, DILI drug induced 
liver injury, AIH autoimmune hepatitis, ACLF acute on 

chronic liver failure, AKI acute kidney injury, RRT renal 
replacement therapy, MELD model of end-stage liver dis-
ease, IV intravenous

anti-oxidant property as well as maintenance of 
capillary permeability. Recent data has suggested 
utility of albumin in combating systemic inflam-
mation and resolution of uncomplicated ascites 
[61–64]. Albumin is recommended for manage-
ment for HRS-AKI, prevention of renal dysfunc-
tion in patients with spontaneous bacterial 
peritonitis (SBP), and prevention of paracentesis 
induced circulatory dysfunction (PICD). In a 
single-center randomized controlled trial in 
patients of ACLF who underwent modest-volume 
paracentesis the incidence of PICD and its asso-
ciated complications was significantly reduced as 
compared to standard medical treatment [65].

43.6.2  Renal Replacement Therapy

The indications of renal replacement therapy are 
the same as those for other conditions, i.e. meta-
bolic acidosis, volume overload, uremic compli-
cations, and electrolyte abnormalities. It should 
be considered in patients who are candidates for 

orthotopic liver transplantation (OLT) or those 
with acute tubular necrosis (ATN), hypovolemia 
related renal failure or where renal functions are 
likely to be reversible. The leading indication 
identified in these patients has been volume over-
load. Continuous renal replacement therapy 
(CRRT) is better tolerated than intermittent 
hemodialysis because of improved cardiovascu-
lar stability, clear ammonia and pro- inflammatory 
cytokines, and improved cerebral oedema. 
Complications such as hypotension, bleeding 
secondary to coagulopathy, and catheter-related 
sepsis are commonly encountered with renal 
replacement therapy when used in patients with 
advanced liver disease. Hence, a multidisci-
plinary approach involving a hepatologist, a 
nephrologist, and an intensive care specialist is 
needed to decide the exact timing and modality 
of renal replacement therapy in patients with 
ACLF. Considering an extremely poor response 
to vasoconstrictors in only 35% of patients with 
HRS in patients with ACLF and higher preva-
lence of structural AKI in patients with ACLF, 
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the utility of RRT remains to be explored [66, 
67]. There is paucity of data on dialysis in patients 
with ACLF and decompensated cirrhosis there-
fore there are no specific recommendations 
regarding the dose, the intensity, and the duration 
of dialysis in these patients. In a recent multicen-
tric prospective study from North American 
Consortium for the Study of End-Stage Liver 
Disease (NACSELD) database for cirrhotic 
patients hospitalized with an infection (I-ACLF) 
where RRT was not identified as an independent 
predictor of survival when it was done as a bridg-
ing therapy to liver transplantation [12]. There is 
emerging data to suggest that initiation of RRT 
early may attenuate both kidney-specific and 
non-kidney specific organ dysfunction as well as 
counteract systemic inflammation in critically ill 
patients. However, unfortunately complications 
such as hypotension, coagulopathy-related bleed-
ing, and catheter-related sepsis are frequently 
encountered with RRT in patients with cirrhosis 
and therefore in the absence of absolute indica-
tions it is a daunting task for the clinicians to 
decide initiation of early RRT in such a severely 
sick group of patients. Randomized controlled 
trials are therefore needed to decide the timing of 
initiation of RRT (that is, “early” versus “late”) in 
patients of ACLF who have structural kidney 
damage or have non-response to vasoconstrictors 
awaiting liver transplantation.

43.6.3  Extracorporeal Liver Support 
Systems

These can be non-cell based or cell-based sys-
tems. Non-cell based systems do not incorporate 
tissue and provide only detoxification functions 
using membranes and adsorbents which allow 
removal of both water-soluble and protein bound 
substances as against conventional hemodialysis 
which removes only water-soluble toxins. These 
newer developing therapies have demonstrated 
benefits in biochemical parameters, hemody-
namic, hepatic encephalopathy and also renal 
functions but are expensive and still considered 
experimental in patients with ACLF [68, 69]. 
Currently, they are considered as an option in 

patients as a bridge to liver transplantation or 
clinical recovery. The Molecular Adsorbent 
Recirculatory System (MARS), single-pass albu-
min dialysis (SPAD), and the Fractionated 
Plasma Separation and Adsorption (FPSA or 
Prometheus) have shown limited efficacy in 
improving transplant-free survival in patients 
with ACLF.  In the HELIOS trial survival of 
patients with type 1 HRS when treated with 
FPSA was better compared to SMT (28-day sur-
vival 62% vs. 39%, 90-day survival probability, 
42% vs. 6%, respectively; log-rank test, P = 0.04). 
Similarly in the RELIEF trial with MARS it was 
seen that the proportion of patients with a serum 
creatinine below 1.5 mg/dL at day 4 in patients 
with HRS at baseline tended to be higher in 
patients who were treated with MARS (p = 0.07). 
Considering a higher prevalence of structural 
AKI and cholemic nephropathy in patients with 
ACLF, the utility of MARS remains to be 
explored [45, 70, 71]. Larger randomized con-
trolled trials are required for patients with ACLF 
as the patient populations enrolled in the large tri-
als in Europe were performed using heterogenous 
definitions of ACLF [68–71]. Case reports and 
series have suggested beneficial effects of 
plasma-exchange in patients with ACLF [72–75]. 
In the large European multicentric trial per-
formed in patients with ALF, plasma-exchange 
was shown to improve survival by dampening the 
immune response [76]. The results from the 
AARC database suggested a beneficial role of 
plasma-exchange in patients with ACLF in pre-
venting multiorgan failure and ameliorating 
SIRS.  Currently, a specific device (DIALIVE) 
with an aim to remove dysfunctional albumin and 
endotoxin and replacing it with functional 
 albumin is being evaluated in ACLF patients 
[35]. Table 43.2 summarizes the studies on artifi-
cial liver support therapies in patients with ACLF.

43.6.4  Therapeutic Strategies 
Targeting Liver Regeneration 
in ACLF

Initial randomized controlled clinical trials from 
India suggested encouraging data for G-CSF. An 
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impressive survival benefit was observed in these 
studies, however most of them were mono- centric 
[77–81]. Hence, the broad application of G-CSF 
in ACLF has not been routinely recommended 
outside clinical trials. The large multicentric trial 
performed in Europe, the. GRAFT-Study, did not 
Lreplicate the observed benefits observed in 
Asian trials. However, the differences in the defi-
nitions used to define ACLF may be a key factor 
explaining the observed differences [35].

43.6.5  Role of Anti-Oxidants in ACLF

Oxidative stress is hypothesized to play a crucial 
role in liver disease with the generation of 
advanced oxidative protein products (AOPP) 
playing a primary role in active inflammation. 
AOPP have been found to be in higher concentra-
tion in the serum in patients with viral hepatitis, 
diabetics, and advanced age. AOPP levels have 
also found to be higher in liver biopsies taken 
from severe ACLF secondary to alcohol com-
pared to stable alcoholic cirrhosis, indicating role 
in ongoing damage [82].

Treatment with N-acetyl cysteine (NAC) in 
non-acetaminophen liver failure has been shown 
to improve survival in multiple studies. Nabi 
et al. showed that treatment of 40 patients with 
intravenous NAC for 72 h was associated with a 
decrease in mortality to 28% as compared to 53% 
in the control group [83]. These findings corrobo-
rated results of Mumtaz et al. study in 47 patients 
given oral NAC that showed a survival of 47% in 
treatment group and 27% in the non-treatment 
group [84]. Baniasadi et al. also showed benefit 
of NAC in antitubercular drug induced liver 
injury [85]. A meta-analysis of four prospective 
studies including 331 patients also showed that 
NAC was safe in non-acetaminophen liver dis-
ease and improved survival in both liver trans-
plant and native liver patients [86]. However, 
studies are limited and NAC is not the standard of 
care for ACLF.

43.6.6  Liver Transplantation in ACLF

ACLF as a disease entity is characterized by 
dynamic course during hospital admission, with 
the course between day 3 and day 7 being the 
most integral in determining long-term manage-
ment. An improvement in overall health opens 
the doors to other therapies such as bioartificial 
liver support (as summarized in Table  43.3), 
granulocyte colony stimulating factors, and stem 
cell transplant. These are in early phases of devel-
opment and liver transplant is the only definite 
management option. Unlike acute liver failure 
(ALF), ACLF does not qualify for enlistment in 
the high urgency list. Furthermore, evaluation 
time is limited by the rapid evolution of disease 
with age, multiorgan failure, and recidivism 
forming key barriers to inclusion to the transplant 
list. Additionally, among those patients present 
on the waiting list, the incidence of mortality is 
high and exceeds that of ALF patients on the 
waiting list [87]. The key studies are summarized 
in Table 43.3.

Current data indicates that <50% ACLF 
patients are listed for transplant and < 20% ACLF 
patients actually successfully undergo transplan-
tation. The 5-year survival in the patient that 
undergo successful transplantation is 74–90% 
[88]. This data highlights the necessity to validate 
prognostic tools to allow prioritization of patients 
with ACLF on the transplant list. Such patients 
should also be aggressively managed in the inten-
sive care unit (ICU) with early management of 
known triggers of downward cascade such as 
infection and bleeding. The multiorgan failure 
seen as a defining feature of ACLF should be sup-
ported with vasopressors, mechanical ventilation, 
and continuous renal replacement as needed. It is 
notable that the highest quality of care can be 
provided with a well-balanced multidisciplinary 
team and early ICU admission [89].

The other options for these patients are living 
donor liver transplantation (LDLT) which has 
shown reasonable success, specifically with the 
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Table 43.3 Summary of studies on liver transplantation in patients with acute on chronic liver failure

Author, year Sample size Survival Comments
Liu et al. (2003) 32 88% at 1 year Hepatitis B patients
Wang et al. (2007) 42 83.3% at 

1 year
Both DDLT and LDLT were done

Chan et al. (2009) 149 95.3% at 
1 year

Both DDLT and LDLT were done

90% at 5 years
Bahirwani et al. 
(2011)

157 74.5% at 
1 year

175 patients had no ACLF, post-transplant outcomes 
similar including eGFR

Ling et al. (2012) 126 73% at 1 year Downgrading MELD improved survival, both DDLT and 
LDLT

Duan et al. (2013) 100 80% at 1 year Both DDLT and LDLT
74% at 5 years

Xing et al. (2013) 133 78.1% at 
1 year

Hepatorenal syndrome improved with LT, good outcome 
of combined liver kidney transplantation for patients with 
ESRD72.8% at 

5 years
Finkenstedt et al. 
(2013)

33 84.8% at 
1 year

High wait list mortality in ACLF group, survival after LT 
comparable to non-ACLF

82% at 5 years
Gustot et al. (2014) 35 80.9% at 

6 months
10% in those not transplanted for ACLF2–3

Levesque et al. 
(2017)

140 70% 1 year as 
compared to 
92% in 
without ACLF

ACLF 3 poor than lower grades, 17/30 (56%) mortality at 
1 year in this group

Artru et al. (2017) 73 83.9% at 
1 year, 
baseline ACLF 
grade 3

7.9% survival in not LT, all patients had complications 
and longer hospital stay

Moon et al. (2017) 189 ACLF 76.8% at 
1 year

ACLF longer stay in ICU as compared to without ACLF, 
survival worse than patients without ACLF (89.8% and 
81.0%, respectively, at 1 and 5 years)136 

(non- ACLF)
70.5% at 
5 years

Yadav et al. (2017) 52 88.5% at 
90 days

Non-LT (n = 68) had 32.4% survival at 6 months

O’Leary et al. (2019) 768 93% each at 
6 months

use of right lobe liver grafts including the middle 
hepatic vein that ensures adequate venous drain-
age and speedy recovery. The 5-year survival rate 
with LDLT is also over 90% in patients with high 
MELD score at admission [90].

43.6.7  Assessing Futility in Patients 
with ACLF

In patients with deteriorating clinical course over 
the first week, a goals of care discussion should 
be undertaken. This patient population has shown 

to have the highest mortality in the second week 
of ICU admission. The CLIF-C ACLF score, 
designed to predict short-term mortality over 
28 days in ACLF patients, has a 100% specificity 
in predicting mortality when the score is ≥70 has, 
despite all supportive treatment. The cumulative 
rate of survival in the ICU with MELD >28.2 is 
estimated to be 28.2% and SOFA greater than 
10.5 is 10.5% [91]. Cirrhotic patients are prone to 
infection with higher risk of mortality as com-
pared to non-cirrhotic, and the presence of septic 
shock is estimated to predict mortality indepen-
dently (OR 50.3, 95% CI 8.99–281) [92]. 
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Additionally, multiorgan failure involving >3 
organs requiring support (i.e. ionotropic support, 
mechanical ventilation, and continuous renal 
replacement therapy) is independently associated 
with increased mortality [93].

43.6.8  Need of Dynamic Prognostic 
Models

Patients with ACLF rapidly develop infections, 
organ failures leading to high mortality in the 
absence of liver transplant. Currently, there is no 
universal prognostic model for deciding the liver 
transplant in patients with ACLF. The model for 
end stage liver disease score (MELD) is validated 
for patients with decompensated cirrhosis and 
King’s College Hospital Criteria (KCH) for acute 
liver failure [94]. In patients with severe alco-
holic hepatitis, the Lille’s score has shown the 
need of an emergency liver transplant [95, 96]. In 
patients with autoimmune hepatitis, failure to 
improve the MELD scores at day 7 has been 
shown to be associated with worse outcomes and 
need for liver transplant [97, 98]. The AARC 
score has been developed from the large AARC 
database which is a composite of five variables 
[99]. The score includes bilirubin, creatinine, 
international normalized ratio (INR), arterial lac-
tate, and hepatic encephalopathy. The score 
incorporates measures of liver failure (i.e., biliru-
bin, INR and lactate) and organs of utility, i.e., 
kidneys and brain. Kidneys are one of the most 
frequent extrahepatic organ failure in patients 
with ACLF and also have prognostic implication. 
Similarly, akin to ALF, brain involvement is an 
ominous sign and necessitates need of emergency 
liver transplantation. The AARC score addition-
ally is dynamic and performed superior to other 
prognostic scores in predicting the outcome of 
ACLF patients. The score could therefore deter-
mine the need of emergency liver transplant in 
these patients, however, has not been validated in 
this context. Apart from these, the CLIF-C ACLF 
score developed by the EASL-CLIF consortium 
can be used in prognostication in ACLF patients 
admitted to the intensive care unit. A score above 

70 has been shown to have a 100% specificity in 
predicting mortality in patients who are critically 
ill [100, 101]. However, considering the differ-
ences in the definitions, the score needs to be 
evaluated in ACLF patients defined according to 
the APASL.

43.7  Conclusion

ACLF is a distinct entity characterized by the 
development of liver failure on a background of 
chronic liver disease usually precipitated by an 
acute insult. Systemic inflammation is a key 
event in the pathogenesis of the syndrome. The 
management of the syndrome is a composite of 
identification and treatment of the etiological 
insult, systemic inflammation, and potentiation 
of liver regeneration. Development of infection 
and extrahepatic organ failure is a key event with 
a prognostic implication. The role of liver sup-
port therapies needs to be explored both as a 
bridge to transplant and to spontaneous recovery. 
Dynamic prognostic models for deciding trans-
plant, reversibility, and futile ICU care are an 
unmet need in patients with ACLF.

Highlights
• Acute on Chronic Liver Failure (ACLF) 

is characterized by high 28-day 
mortality.

• Liver failure drives extrahepatic organ 
failures in patients with ACLF.

• ACLF occurs in the context of gut dys-
biosis and systemic inflammation.

• The syndrome is characterized by a 
dynamic course and the rapidity of pro-
gression to organ failures providing the 
first 2  weeks as the “golden-window” 
for therapeutic interventions.

• Liver transplant is the ultimate savior in 
patients with ACLF.

• The syndrome of ACLF is a clinical 
challenge and an area of unwavering 
research for clinicians.
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44Combined Liver and Kidney 
Transplant

Sonja Payne, Nelson Gonzalez, and Achal Dhir

44.1  Introduction

Single organ liver and kidney transplants are well 
established as standards of care for selected 
patients with severe liver and kidney disease, 
respectively [1]. Severe dysfunction in multiple 
organ systems, either due to a single pathological 
process or as a consequence of single system dis-
ease, creates a challenge for transplant medicine. 
Studies have demonstrated relatively poorer out-
comes in patients with multiple organ dysfunc-
tion undergoing single organ transplant [2, 3]. 
This has led to an expansion of combined solid 
organ transplantation over recent years [4]. Renal 
insufficiency is very common among ESLD 
patients awaiting liver transplantation (LT) and 
affects clinical outcomes both before, and fol-
lowing LT [3]. Since renal function plays signifi-
cant role in the outcome of patients awaiting LT, 
the model for end-stage liver disease (MELD) 
has almost universally replaced other wait list 
criteria which failed to incorporate a measure of 
renal function [5].

With implementation of the MELD allocation 
system, the proportion of combined liver–kidney 
transplantation (CLKT) has increased signifi-

cantly. CLKT has become the procedure of 
choice for patients with severe primary disease of 
both organs [6]. Simultaneous replacement of 
two failing organs offers the advantage of single 
surgery, lower immunosuppression dose, and 
improved survival compared to single organ 
transplantation with significant disease remain-
ing in the non-transplanted organ. However, the 
decision for CLKT can be difficult in the setting 
of the subtle differences in the natural history of 
kidney dysfunction associated with ESLD includ-
ing hepatorenal syndrome (HRS), acute renal 
failure (ARF), and chronic kidney disease (CKD). 
The decision of single vs. combined transplant 
relies on multidisciplinary evaluation to discrimi-
nate patients with reversible and irreversible kid-
ney failure.

Perioperative care of CLKT is challenging 
and requires thorough understanding of the dis-
ease specific physiology and implications as well 
as knowledge of the surgical procedure. 
Standardization of protocols for individual trans-
plant centers may improve patient care and safety, 
ultimately leading to better outcomes.

44.1.1  Renal Function, Liver Disease, 
and Liver Transplantation

The kidney is a sensitive organ which may be 
negatively impacted by changes in renal hemody-
namic derangements due to systemic disease as 
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well as direct damage due to local effects such as 
infection. Portal hypertension reduces effective 
circulating blood volume, increasing the risk of 
renal dysfunction and acute kidney injury (AKI) 
in patients with ESLD, especially in the setting of 
pre-existing renal disease. End-stage renal dis-
ease (ESRD) can cause hyperkalemia, platelet 
dysfunction, pulmonary edema, pericardial effu-
sion, and coronary artery disease [1]. This physi-
ological burden is compounded in combined 
kidney and liver disease leading to potentially 
significant metabolic acidosis, chronic anemia, 
and reduced drug metabolism with important 
perioperative implications [7, 8].

The perioperative period for LT exposes the 
patient to an acute kidney injury due to signifi-
cant fluctuations in systemic and renal hemody-
namics. The glomerular filtration rate (GFR) 
often decreases by about 10 mL/min immediately 
following LT with potential for further deteriora-
tion if the postoperative course is complicated [9, 
10]. Unsuccessful recovery of kidney function 
after LT negatively impacts graft survival, patient 
survival, and quality of life [3, 11]. Prediction of 
renal recovery following liver transplantation in 
patients with preoperative renal dysfunction is 
challenging. Pre-existing comorbidities, pres-
ence of intrinsic renal disease, perioperative 
hemodynamic perturbations, and post-transplant 
immunosuppression are probably the most influ-
ential factors.

Pre-LT renal function has been found to be an 
independent predictor of post-LT patient and 
graft survival. Preoperative renal failure is asso-
ciated with high perioperative morbidity and 
mortality during LT. There is higher incidence of 
primary nonfunction and 30-day mortality as 
well as lower long-term patient and graft sur-
vival in patients with pre-LT renal failure [3]. 
Studies have identified early liver allograft dys-
function, early development of stage 3 AKI fol-
lowing LT, and requirement for RRT at the time 
of liver transplantation as independent risk fac-
tors for the development of ESRD within first 
year of LT [11].

44.1.2  Why Is CKLT Important?

Patients with ESLD on dialysis undergoing liver 
transplantation have significantly better survival 
when CLKT is performed, compared to LT alone 
[12]. Five-year patient survival rates among 
patients selected to receive CLKT range from 
64% to 76% [13]. Prior to introduction of the 
MELD score for allocation of LT in the USA, 
CLKT accounted for 1.7% and 2.5% in 1990 and 
2001, respectively. It rose significantly to 8.2% in 
2014 and 10% by 2017 after adoption of the 
MELD allocation system [14]. A 178% increase 
in the number of CLKT performed during the 
9-year period post-MELD (n = 2914), when com-
pared with the preceding 9-year period in the pre- 
MELD era (n  =  1049) has also been reported 
[15]. At the authors’ institute, the current rate of 
CLKT is also around 10% of all LTs. Data on 
renal outcomes after CLKT in the highest MELD 
recipients are scarce, as are accurate predictors of 
recovery of native kidney function. Well-designed 
clinical trials evaluating transplant futility in 
CLKT recipients are currently lacking. 
Controversy remains that MELD scoring system 
inappropriately prioritizes LT candidates with 
renal dysfunction [16].

44.1.3  Who Benefits from CKLT?

The decision to list a patient for CLKT carries 
important clinical implications. Ethical debates 
exist that discuss the inequity of organ distribu-
tion with transplantation of multiple organs in a 
single recipient [4]. Apart from having greater 
operative complexity, CLKT utilizes a precious 
resource from an already depleted kidney donor 
pool. CLKT is a clear treatment decision for 
patients with metabolic disease due to primary 
genetic defects of the liver, such as primary hyp-
eroxaluria, or for patients with noncirrhotic dis-
eases involving both liver and kidneys, such as 
polycystic organ disease where disease progres-
sion is certain. However, in many other clinical 
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scenarios, decision-making is more complex for 
several reasons. Controversy is founded in the 
difficulty of predicting reversibility of renal 
 function post-LT. CKD often deteriorates during 
and following LT due to the reasons described 
above. On the other hand, patients with hepatore-
nal syndrome (HRS) may have full renal recov-
ery post- LT, even after in excess of 8 weeks of 
pre-transplant renal replacement therapy (RRT) 
[17, 18]. Though CLKT for patients with HRS is 
generally not recommended, improved outcome 
was observed with sequential kidney transplant if 
patients were RRT-dependent for over 8  weeks 
post-LT [19]. There is also uncertainty regarding 
the generalized survival benefit of combined kid-
ney transplant in LT recipients. A large retrospec-
tive review of transplantation outcomes in the US 
demonstrated shorter kidney graft and patient 
survival in CLKT recipients compared to LT 
alone [20]. However, the same study found better 
patient and liver graft survival in CLKT recipi-
ents on long-term RRT prior to transplantation.

The mortality for LT candidates waiting for a 
kidney transplant is substantially higher than 
candidates on kidney alone wait list [21]. This 
may be explained by longer waiting times for two 
acceptable organs simultaneously, successful 
management of AKI or CKD with RRT, or the 
combined burden of disease.

In the universal setting of a finite donor 
pool, appropriate patient selection is critical to 
ensure best patient outcomes following 
CLKT. Heterogeneity in the criteria for CLKT 
allocation has resulted in significant variation 
across centers and regions. Currently in the 
USA, listing policy for CLKT is based on prior 
consensus recommendation, including factors 
such as duration of AKI, need for RRT, and 
evidence of CKD (Table  44.1) [22, 23]. 
However, other variables that may impact 
recovery of renal function after LT, such as 
age, comorbidities, etiology of AKI, and the 
fluctuation of renal function pre-LT, are not 
included in the CLKT selection criteria [24].

Common indications for CLKT are summa-
rized in Table 44.2.

Transplant programs often follow locally 
adapted decision-making processes ensuring 
optimization of pre-transplant renal function 
while considering the appropriateness of CLKT.

Recent evidence demonstrates consistency in 
CLKT allocation criteria for patients with ESRD 
and cirrhosis and patients with cirrhosis and 
CKD [25]. However, allocation criteria in the set-
ting of cirrhosis with AKI are quite variable, 
highlighting the clinical challenge in the diagno-
sis and predict reversibility of AKI in the setting 
of ESLD.  Despite institutional guidelines, the 
final decision is best determined by a multidisci-
plinary discussion of individual patients. Ethical, 

Table 44.1 CLKT summit consensus guidelines

Persistent AKI ≥ 4 weeks 
with one of the following

CKD for 3 months with one 
of the following

Stage 3 AKI as defined 
by modified RIFLE 
criteria:
   •  Threefold increase 

in serum creatinine 
from baseline or

   •  SCr ≥4 mg/dL with 
an acute increase of 
≥0.5 mg/dL or

   •  On renal 
replacement 
therapy

eGFR ≤35 mL/min 
(MDRD-6) or GFR 
≤25 mL/min 
(iothalamate clearance)

eGFR ≤40 mL/min 
(MDRD-6) or 
GFR ≤ 30 mL/min 
(iothalamate clearance)
Proteinuria ≥2 g/day
Kidney biopsy: >30% 
global glomerulosclerosis 
or > 30% interstitial 
fibrosis
Metabolic disease

AKI acute kidney injury, CKD chronic kidney disease, 
eGFR estimated glomerular filtration rate, RIFLE risk, 
injury, failure, loss, end-stage renal disease, SCr serum 
creatinine

Table 44.2 Indications for CLKT

LT candidates with 
kidney disease

Kidney transplant candidates 
with liver disease

   •  ESLD with 
CKD

   •  ESLD with AKI

   •  ESRD patients and liver 
cirrhosis

   •  ESRD because of 
hyperoxaluria

   •  polycystic kidney and 
liver disease with ESRD

ESLD end-stage liver disease, CKD chronic kidney dis-
ease, AKI acute kidney injury, ESRD end-stage renal 
disease
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social, and cultural context should also be con-
sidered in order to optimize the allocation 
process.

In line with many transplant centers in North 
America, the criteria for CLKT at the authors’ 
institution have evolved over time. Criteria have 
been refined in the context of best evidence, 
growing clinical experience, and the contribution 
of Kidney Special Considerations Committee. In 
August 2017, the United Network for Organ 
Sharing (UNOS) /Organ Procurement and Organ 
Transplantation (OPTN) implemented a new 
CLKT allocation policy based on estimated GFR 
(eGFR) [26]. The primary reason for this change 
was driven by the fact that female patients were 
disadvantaged with the old MELD or NaMELD 
allocation system [27].

At the authors’ institute, the current criteria to 
support CLKT include the following.

• Patients with ESLD and CKD who have been 
on dialysis for a period that is comparable to 
current wait times for kidney transplant alone.

• Patients with ESLD and CKD who are highly 
sensitized and would benefit from organs from 
the same donor. (Sequential transplant allows 
cross-match positive kidney transplants to 
proceed AFTER the liver transplant.)

• Patients with liver disease and CKD second-
ary to primary hyperoxalosis. One run of plas-
mapheresis should be performed prior to 
transplant.

• Patients with HRS who have required a mini-
mum of 6 weeks RRT.

• Patients with metabolic disorders who have:
 – ESLD with eGFR less than 30.
 – ESLD and eGFR 30–40 may be considered 

for CLKT if the patient has either small 
sized kidneys or proteinuria (after discus-
sion with Kidney Special Considerations 
Committee); kidney after liver transplant 
could be considered in these cases if there 
is a suitable living donor and kidney trans-
plant can occur 1–3 months following LT.

• Patients with polycystic liver disease are 
assessed on a case by case basis considering 
the renal function to support the postopera-
tive LT.

44.2  Anesthetic Considerations

Robust scientific evidence for combined liver- 
kidney transplant is limited by small case num-
bers. Practice guidelines often rely on 
extrapolation of best evidence from single organ 
transplant, results of cohort studies, and expert 
consensus.

44.2.1  Preoperative

Thorough preoperative assessment of potential 
transplant recipients is fundamental to achieving 
optimal patient outcomes. The overarching goals 
of preoperative evaluation are to facilitate appro-
priate patient selection for listing and to mini-
mize post-transplant morbidity and mortality. A 
multidisciplinary approach facilitates identifica-
tion, assessment, and potential optimization of 
multi-system involvement of end-organ failure, 
as well as relevant comorbidities. Particular 
emphasis is given to cardiorespiratory evaluation. 
Due to the unpredictable timing of transplant sur-
gery, the optimal frequency to update pertinent 
investigations after listing to assess for interval 
change is not clear.

Cardiovascular disease is a leading cause of 
morbidity and mortality after single organ liver 
and kidney transplantation [28, 29]. The com-
bined burden of dual-organ failure and significant 
physiological stress of transplant underpins the 
need for meticulous cardiovascular preoperative 
assessment. The American Heart Association 
issued a scientific statement of “Cardiac Disease 
Evaluation and Management Among Kidney and 
Liver Transplantation Candidates” [30]. Although 
this document provides guidance for single organ 
transplant surgery, the thorough review of best 
evidence remains useful in the context of com-
bined solid organ transplantation. Relevant rec-
ommendations include the following.

• All stable patients on the waiting list should 
have resting ECG and echocardiogram 
repeated annually.

• Non-invasive cardiac stress testing (i.e., 
Dobutamine stress echocardiography) may be 

S. Payne et al.



599

considered even in the absence of active car-
diac disease. The presence of multiple CAD 
risk factors represents an indication for non- 
invasive testing, regardless of functional 
status.

• A designated cardiology consultant may assist 
consideration of invasive cardiac evaluation, 
taking into account the risk of contrast- 
induced acute kidney injury.

• Patients deemed high risk for cardiovascular 
complications should be referred to a cardiol-
ogist for further evaluation and management.

In addition to preoperative assessment of fea-
tures of end-stage liver disease, an evaluation of 
the impact of renal disease is essential. Local list-
ing criteria may not necessitate the commence-
ment of RRT. As such, a spectrum of functional 
volume and electrolyte status may exist. 
Abnormalities of sodium and potassium concen-
trations should be identified and optimized if 
time permits. In patients already initiated on 
RRT, an assessment of need for preoperative dial-
ysis must be ascertained. Arteriovenous fistula 
and hemodialysis catheters may be present and 
must be protected in case of post-transplant renal 
graft failure. Intravenous access may be chal-
lenging in this patient population due to previous 
cannulation for dialysis resulting in vascular 
thrombosis/stenosis. Preoperative vascular map-
ping may be considered.

44.2.2  Intraoperative

There is sparsity of data in the literature concern-
ing anesthetic and fluid management in 
CLKT.  Hemodynamic goals vary during differ-
ent stages of a combined liver-kidney transplant. 
Patients who have undergone hemodialysis with 
fluid removal prior to surgery may demonstrate 
increased cardiovascular instability during induc-
tion of general anesthesia and drainage of ascites. 
Substantial bleeding may occur during hepatic 
dissection in view of the fragile coagulation bal-
ance of end-stage liver disease, compounded by 
platelet dysfunction and anemia associated with 
chronic renal disease. In preparation for caval 

clamping prior to the anhepatic phase, judicious 
volume loading with potassium-deplete fluids 
can be guided by hemodynamic monitoring. 
Where possible, a piggyback caval clamping 
technique will assist in the preservation of pre-
load. Avoidance of fluid overload during the neo-
hepatic phase will minimize the risk of liver 
allograft congestion. Completion of vascular and 
bile duct anastomoses will provide time for stabi-
lization of coagulation and volume status prior to 
commencement of renal transplantation.

Graft function is dependent on adequate oxy-
gen delivery. Therefore, careful assessment of 
transfusion requirement, volume status, and 
maintenance of adequate perfusion pressure is 
essential at this stage [31]. Overzealous infusion 
for volume expansion may precipitate liver graft 
congestion, adversely affecting function. 
Although robust evidence is lacking to support 
the administration of mannitol to minimize 
ischemic- reperfusion and acute kidney injury in 
renal transplantation [32], mannitol is still widely 
used prior to renal reperfusion. However, the 
adverse effects of significant diuresis and poten-
tial hypovolemia due to diuretic administration 
must be considered in the setting of combined 
liver-kidney transplantation.

Due to significant hemodynamic changes 
observed during combined liver-kidney trans-
plantation, invasive blood pressure monitoring is 
a standard of care. There is lack of clarity regard-
ing the need for peripheral arterial monitoring 
(radial), central monitoring (femoral) or both. 
Some studies have demonstrated lack of correla-
tion between invasive peripheral and central arte-
rial pressure measurements, likely due to 
differences in vascular tone between measure-
ment sites [33]. If invasive femoral artery pres-
sure monitoring is to be considered, a discussion 
with the surgical team regarding the site of renal 
vascular anastomosis is required to avoid place-
ment of an indwelling catheter in the operative 
field.

Pulmonary artery catheters (PAC) have long 
been a mainstay of hemodynamic monitoring 
during liver transplantation. The PAC allows 
direct measurement of pulmonary pressures, an 
estimate of left-heart filling volume and a means 
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of intermittent measurement of cardiac output 
through thermodilution. The PAC may be used 
postoperatively for cardiac output monitoring in 
the intensive care unit. Limitations to use include 
the dependence on surrogate measurements for 
cardiac monitoring and the well-known risks of 
PAC placement and use. However, the use of 
PACs has decreased significantly worldwide.

Transesophageal echocardiography (TEE) is 
increasingly recognized as a useful method of 
real-time monitoring of cardiac function and vol-
ume status during non-cardiac surgery. Its use is 
supported by the American Society of 
Anesthesiology (ASA) when the nature of the 
surgery or the patient’s underlying cardiovascular 
pathology may result in severe hemodynamic 
compromise. The greatest advantage of intraop-
erative TEE in liver transplantation is the contin-
uous, direct assessment of the right and left sides 
of the heart in the setting of sudden changes in 
preload [33, 34]. There is growing consensus 
within the literature advocating for routine use of 
TEE during liver transplant surgery [35]. Given 
the complexities of hemodynamic goals during 
CLKT and the potential for hemodynamic insta-
bility, it seems sensible to extrapolate this stan-
dard of care to dual-organ transplant surgery. The 
use of TEE is likely to provide a more accurate 
assessment of intravascular volume status than 
the traditional CVP measurement [36]. There is a 
collective consensus in the current literature that 
TEE may be performed safely in patients with 
documented low-grade esophageal varices 
(Grade 1 and 2) without a recent acute upper gas-
trointestinal bleed [35].

Electrolyte abnormalities are common during 
combined liver-kidney transplantation. Pre- 
existing hyponatremia must be carefully consid-
ered as rapid correction may lead to central 
pontine myelinolysis. Commonly used therapies 
during liver transplantation, such as sodium 
bicarbonate and fresh frozen plasma, contain 
high concentrations of sodium. An alternative 
buffering agent THAM, devoid of sodium, has 
been discontinued by the manufacturer leaving 
little other options for management of severe aci-

dosis. Clotting factor concentrates contain sig-
nificantly less sodium. Hyperkalemia occurs 
commonly during liver transplantation in patients 
with normal renal function. Intraoperative man-
agement is compounded by ESRD. “Washing” 
packed red cells prior to transfusion dramatically 
reduces potassium load [37]. The availability of 
intraoperative renal replacement therapy 
(IORRT) offers the advantage of relative electro-
lyte stability [38].

44.2.2.1  Renal Replacement Therapy
Intraoperative renal replacement therapy during 
LT has shown to be a feasible, safe, and effective 
approach to manage fluid shifts and electrolyte 
imbalance during surgery [38–40]. Although 
benefits of IORRT have been described in obser-
vational studies, namely prevention of signifi-
cant electrolyte abnormalities and intravascular 
fluid removal, the evidence is not sufficiently 
robust to offer firm recommendations regarding 
its use. Institutional guidelines may aid decision-
making and the successful implementation of 
this therapy. At the authors’ institute, a multidis-
ciplinary agreed trigger criterion has been devel-
oped to identify patients who may potentially 
benefit from IORRT (Table 44.3). Local logistics 
unique to each center, such as the availability of 
appropriately trained staff to operate the RRT 
machine, also play a significant role in this 
decision-making.

Any single major criteria or two and more 
minor criteria are generally sufficient to trigger a 
discussion on activation of CRRT in the operat-
ing room.

Table 44.3 Triggers for IORRT discussion

Major trigger 
(Recipient) Minor trigger
•  Acute liver failure
•  MELD >30
•  CRRT/IHD 

pre-liver transplant
•  Two vasopressors
•  Redo-liver 

transplant

•  DCD donor
•  Prolonged cold ischemic 

time
•  Severe metabolic 

derangement (Na+, K+) in 
recipientSS
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44.2.3  Postoperative

CLKT patients tend to have higher incidence of 
bacterial infections and blood transfusion require-
ments with longer ICU and hospital stay com-
pared to LT only patients. Though the incidence 
of renal dysfunction 6 months post-LT was simi-
lar, CLKT patients had quantitively worse renal 
function [41].

44.3  Conclusions

Combined liver and kidney transplantation can 
be a life-saving procedure for selected patients 
with combined liver and kidney failure. However, 
criteria for and timing to listing presents the liver 
and kidney transplant teams with challenges, as 
acute kidney injury may potentially be reversible. 
As well there is an issue of scarcity of organs and 
prioritization of allocation to combined organ 
failure patients over kidney failure patients on 
dialysis. As in all multi-organ failure, the addi-
tional presence of renal failure or the failure of 
recovery of renal function post-liver transplant is 
associated with increased mortality. The con-
cerns raised in deciding the need for CLKT 
mainly rely on the benefit to the recipient in 
CLKT versus liver alone transplant and the fact 
that kidneys can potentially be diverted away 
from kidney alone patients on the waitlist who 
may derive greater benefit. In selected patients, 
CLKT is an appropriate use of a scarce resource, 
but better prognostic indicators for selection of 
patients are still needed. Further well-designed 
prospective studies as well as a reliable model to 
guide the decision-making in CLKT might help.
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45ABO-Incompatible Liver 
Transplantation

Vikram Raut

45.1  Introduction

“Organ demand versus supply” is the greatest 
obstacle to increase the frequency of liver trans-
plantation, which has been one of the medical 
breakthroughs in recent times. Transplantation 
across the ABO blood groups is discouraged 
because of the risk of acute rejection, graft loss, 
and a poor outcome; thus, it is generally used 
only in emergency situations. In living-donor 
liver transplantation (LDLT), donor selection is 
restricted to family members, and ABO- 
incompatible (ABO-I) liver transplantation 
becomes inevitable as a means to breach this 
obstacle. This has compelled transplant surgeons 
to devise innovative strategies, such as local infu-
sion therapy and rituximab, to prevent complica-
tions in ABO-I liver transplantation. However, 
with an increased risk of infection, antibody- 
mediated rejection, and consequent vascular and 
biliary complications, ABO-I liver transplanta-
tion continuous to be a formidable challenge in 
LDLT. In this review, we study the past and cur-
rent immune strategies adopted by centers across 
the world for ABO-I LDLT, to provide insight for 
change or modification so as to improve out-
comes and reduce ABO incompatibility-related 
complications in LDLT.

45.2  History of ABO-I Liver 
Transplantation

Since its inception by Thomas Starzl, ABO-I 
liver transplantation has evolved through an era 
of controversy and immunological violation to 
the current inevitable phase. The initial animal 
experiments conducted by Starzl demonstrated 
that the liver is “a privileged organ” with much 
greater resistance to acute rejection than the kid-
ney or heart. With this understanding, Starzl 
breached ABO blood group barriers, particularly 
in the emergency situations when given no choice 
but to proceed with first available organ. In 1979, 
Starzl’s group reported 11 human ABO-I liver 
transplantations without evidence of acute rejec-
tion. During this period, ABO incompatibility 
was not considered a contraindication to liver 
transplantation. In fact, ABO-I grafts were used 
children because of the difficulty of finding com-
patible small grafts, and in adults during emer-
gencies. In 1986, Gordon et  al. [1] reported 31 
ABO-I liver transplants, carried out using cyclo-
sporine and prednisolone for immunosuppres-
sion, and found that graft survival in the 
ABO-identical group was significantly better 
than that in the ABO-compatible and -incompat-
ible groups. In children, he used ABO-I grafts in 
emergency as well as in elective conditions 
because of the shortage of small grafts. As the 
1-year graft survival rate in adults was accept-
able, he advocated the use of ABO-I grafts in V. Raut (*) 
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adults only in emergency situations. Furthermore, 
Rego et al. [2] reported hyperacute rejection after 
ABO-I liver transplant, despite the “privileged” 
status of the liver. In 1989, Gugenhein et al. [3, 4] 
confirmed lower graft survival and hyper-acute 
rejection in ABO-I liver transplantation. In their 
series of 17 ABO-I liver transplants, Gugenhein 
et  al. postulated immunological damage as the 
cause of low graft survival and reported antibody- 
mediated rejection as a cause of graft failure in 
six patients. They also acknowledged an increased 
incidence of arterial thrombosis and progressive 
cholangitis in ABO-I grafts. The debate contin-
ued about the increased incidence of complica-
tions of ABO-I liver transplants. In a control 
matched study including 15 ABO-I liver trans-
plants, Sanchez-Urdazpal et al. [5] confirmed an 
increased incidence of cholangitis, bile leak, cel-
lular rejection, and hepatic artery thrombosis in 
an ABO-I group. Because of the high incidence 
of complications, ABO-compatible liver trans-
plantation became unpopular and was reserved 
for emergency transplant only.

45.3  Need of ABO-I Transplant 
in Setting of Living Donor

Since the donor of an LDLT is usually a first- 
degree relative, limiting choice, the use of grafts 
across the ABO blood groups is often inevitable. 
This has forced transplant surgeons to adopt vari-
ous innovative methods to prevent the complica-
tions associated with ABO-I liver transplantation. 
In the early 1990s, various centers reported [6–8] 
improved the results of ABO-I liver transplanta-
tion in children by using pre- and postoperative 
plasma exchange and OKT-3. We have learned 
much from the experience of ABO-I kidney 
transplant surgeons who used peri-operative 
plasma exchange, splenectomy, and high-dose 
immunosuppressive drugs to ensure the success 
of ABO-I transplantation. Anti-donor antibody- 
induced complement fixation and endothelial 
damage leading to hemorrhagic necrosis by the 
formation of micro-thrombi in the graft vascula-
ture is a major cause of early graft failure [9]. 

Diffuse intra-organ coagulation (DIC) can be 
confirmed by C4D immunofluorescent staining. 
To overcome this “single organ DIC,” Tanabe’s 
group from Keio University, Japan, endorsed 
portal vein infusion with prostaglandin E1, meth-
ylprednisolone, and gabexate mesilate [10]. 
Prostaglandin E1 improves microcirculation 
through vasodilatation and the prevention of 
platelet thrombi. Gabexate mesilate is a protease 
inhibitor that inhibits platelet aggregation and 
coagulation factors. Nakamura et al. [11] used a 
hepatic artery infusion of prostaglandin E1 to 
prevent biliary complications and improve the 
bile duct blood supply. In 2003, Monteiro et al. 
[12] gave rituximab (anti-CD20 monoclonal anti-
body) to a 15-year-old boy undergoing emer-
gency ABO-I liver transplantation for resistant B 
cell lymphoma to reduce anti-donor antibody- 
producing B cells.

45.4  Current Strategies for ABO 
Incompatibility in LDLT 
Worldwide

ABO-I LDLT strategies are directed at eliminat-
ing or reducing the anti-ABO antibody. Apart 
from the routine immunosuppression given to all 
liver transplant patients, the following methods 
are also used in ABO-I LDLT.

45.4.1  Rituximab

Rituximab is the monoclonal chimeric human 
anti-CD20 antibody that revolutionized ABO-I 
LDLT. CD20 is expressed in most of stages of B 
cell development but not in plasma cells or stem 
cells. Rituximab was approved for resistant B cell 
lymphoma at a dose of 375  mg/m2 weekly for 
4 weeks. To deplete normal B cells in an ABO-I 
recipient, a single dose of rituximab is considered 
enough. In ABO-I liver transplantation, the timing 
of giving rituximab varies among centers from 7 
to 15 days preoperatively. Today, most knowledge 
of the pharmacodynamics of rituximab comes 
from its use in B cell lymphoma. However, 
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Genberg et al. [13] recently studied the pharmaco-
dynamics of rituximab in a renal  transplant recipi-
ent. They found that a single dose of rituximab 
(375 mg/m2) was sufficient to completely elimi-
nate B cells from the peripheral blood. Although 
reduced numbers of B cells were seen in the 
peripheral blood as early as 3 days after rituximab 
administration, complete elimination was seen 
only after 3 weeks. Nevertheless, a single dose of 
rituximab is not enough to completely eliminate B 
cells from the lymph node. These remnant cells 
became activated after antigen exposure from the 
graft and produced the anti-ABO antibody. The 
value of the complete elimination of B cells needs 
to be balanced against the need for 2–3 years of 
prolonged immunosuppression caused by 
375  mg/m2 of rituximab. Conversely, the initial 
4–6 weeks is critical for antibody-mediated rejec-
tion, and B cell suppression is required only for 
this period. Therefore, the ideal dose of rituximab 
remains unresolved.

45.4.2  Plasmapheresis

Anti-ABO antibodies are the trigger for antibody- 
mediated rejection after ABO-I LDLT. Thus, the 
anti-ABO antibody titers are reduced preopera-
tively by plasma exchange, plasma filtration, or 
immune adsorption in most centers across the 
world, aiming for immunoglobulin M and immu-
noglobulin G titers below 1:16 at the time of 
transplantation to prevent antibody-mediated 
rejection. These titers are maintained at these val-
ues because increasing antibody titers in the early 
postoperative period are associated with rejec-
tion. Plasmapheresis is the most effective way to 
control humoral antibody response to prevent 
rejection.

45.4.3  Mycophenolate Mofetil

Mycophenolate mofetil is a functionally selective 
drug that is cytotoxic to B and T lymphocytes. 
Since rituximab is ineffective against the plasma 
cells with active B cell-producing antibody, 

mycophenolate mofetil has been incorporated in 
a protocol used by groups from Chicago, Tohoku, 
Tokyo, Yokohama, and Italy. The preoperative 
administration of mycophenolate mofetil reduces 
plasma cells in the circulation.

45.4.4  Intravenous Immunoglobulin 
(IVIG)

Intravenous immunoglobulin causes FC-receptor- 
dependent B cell apoptosis and inhibits comple-
ment- and T cell-mediated allograft injury. A 
recent trial at Kyushu University, Japan, involv-
ing 30 patients showed the efficacy of IVIG given 
with rituximab and plasma exchange. Intravenous 
immunoglobulin is very promising in emergency 
ABO-I LDLT, when there is insufficient time for 
the action of rituximab. Cost is the major limiting 
factor in IVIG treatment.

Since the introduction of rituximab, the need 
for splenectomy in ABO-I LDLT is questionable. 
Raut et  al. [14] showed no difference in anti- 
ABO- antibody response between a splenectomy 
group and a non-splenectomy group. In past local 
infusion of prostaglandin E, methylprednisolone, 
1and gabexate mesilate, 1 through the portal vein 
or hepatic artery was used.

45.5  Outcomes and Long-Term 
Survival After ABO-I Liver 
Transplant

In meta-analysis by Lee et  al. involving 8000 
ABO-I liver transplant found, cases that used 
rituximab in ABO-I LT patients showed better 
1-year graft survival after ABO-I LT than those 
that did not use rituximab. Furthermore, in 
patients with preoperative Rituximab 1-, 3-, and 
5-year graft survivals of ABO-I LT were compa-
rable to those of ABO-C LT. On the other hand, 
biliary stricture and ACR tended to be more prev-
alent after ABO-I LT when rituximab was not 
used. There were no differences in AMR and 
patient survival in accordance with the use of 
rituximab.

45 ABO-Incompatible Liver Transplantation
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Key Points
• ABOI liver transplantation have become 

inevitable in this era of limited organ 
supply.

• Rituximab—The monochrome anti-
 CD20 antibody depletes the normal B 
cells in the ABOI recipients.

• Anti-ABO antibodies are removed by 
plasmapheresis.

• Mycophenolate reduces plasma cells in 
circulation.

• IVIG reduces compliment and T cells 
mediated allograft injury.

• Prostaglandin improves micro circula-
tion and prevent platelet thrombus 
formation.
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46Non-Transplant Surgery 
for Post- Transplant Patient

Shweta A. Singh

46.1  Introduction

Liver transplantation (LT) has become a viable and 
acceptable modality of treatment for decompensated 
end stage liver disease (ESLD). Over the last decade, 
a large number of centres have started successful LT 
programmes and more than 1000 patients every year 
undergo LT surgery in our country [1]. However, 
most centres providing this facility are concentrated 
in certain metropolitan cities. Patients from different 
parts of the country return to their home towns after 
the procedure. With improved survival following 
transplant over the last two decades more and more 
of these patients would be requiring emergency or 
elective surgery in the future as they go about their 
daily lives. Often patients may not be able to return 
to the transplant centre for all procedures, so it is 
important for anaesthesiologists across the country, 
to be familiar with the peri-operative issues concern-
ing this patient population.

46.2  Surgeries in Post-LT 
Recipients

Post-LT recipients may require a number of surger-
ies. These could be surgeries related to the transplant 
procedure itself, like repair of incisional hernia; or 

incidental surgeries which could be required in any 
individual, e.g. appendectomy; or surgeries which 
are not directly related to the LT procedure but may 
be required more frequently in such patients, e.g. hip 
arthroplasty for an osteoporotic hip (due to long term 
steroid use) refer Table 46.1.

S. A. Singh (*) 
Department of Anaesthesia and Critical care-CLBS, 
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Table 46.1 Common surgical procedures after LT in the 
recipient

Interventions for 
complications 
post-transplant

•  Postoperative haemorrhage
•  Vascular thrombosis (HAT/

PVT), Arterio-venous fistulas, 
Pseudoaneurysm

•  Colonic perforation, intestinal 
obstruction

•  Upper GI bleed, Variceal bleed
•  Incisional hernia repair
•  Anastomotic leaks, biliary tract 

interventions, 
Hepaticojejunostomy

•  Splenectomy
•  Diagnostic laparotomy

Diagnostic 
procedures to rule 
out rejection

•  US/CT/MR guided biopsies
•  Endoscopy
•  Bronchoscopy

Patients at 
increased risk 
after transplant

•  Pathologic fractures (long-term 
steroid use causing 
osteoporosis)

•  Lymph node biopsy
•  Bariatric surgery (full 

development of obesity)
Interventions 
unrelated to the 
transplantation

•  Trauma
•  Neuro surgeries
•  Urological procedures
•  Obstetrics/gynaecology related 

surgeries
•  Emergency surgeries
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Biliary tract interventions and repair of inci-
sional hernia are some procedures often sched-
uled electively in this population. Although 
biliary strictures can present at any time after LT, 
the mean interval at the time of presentation is 
5–8  months after transplant and the majority 
present within 1 year [2]. Biliary strictures and 
leaks are usually managed endoscopically but 
surgical management (hepaticojejunostomy) is 
sometimes necessary for strictures not amenable 
to endoscopic management [3].

Due to the large incision required for the LT 
procedure and placement of multiple indwelling 
peritoneal drainage catheters, the incidence of 
incisional hernias is not infrequent in this popula-
tion. The reported incidence of incisional hernia 
ranges from 5 to 46% [4]. Incisional hernia repair 
is usually scheduled between 6 and 24  months 
post-transplant.

Other surgical procedures which are often 
required in this patient population is laparotomy 
for small bowel obstruction (secondary to adhe-
sions), lymph node biopsy to rule out lymphopro-
liferative disease, abscess drainage, hip 
arthroplasty for a vascular necrosis from bone 
demineralization and management of fractures 
due to incidental falls or trauma [5]. These occur 
due to their predilection for infections, develop-
ment of post-transplant lymphoproliferative dis-
ease, and side effects of prolonged steroid and 
other immunosuppressive medications.

Rarely bariatric surgery may be required in 
post-LT recipients for rapid weight gain second-
ary to tacrolimus induced metabolic syndrome. 
Such patients may have had the original surgery 
done for NASH related cirrhosis prior to LT [6].

46.3  Anaesthesia Concerns 
and Considerations

46.3.1  Preoperative Assessment 
of Transplant Recipients

The fundamental principles of evaluation and opti-
mization during preoperative period and the anaes-
thetic management of post-LT patients posted for a 
non-transplant surgeries are similar to that of any 

other patient. However, the concerns unique to this 
population are increased susceptibility to infection 
as these patients are on immunosuppression, the 
adverse effects of immune-suppressive therapy, 
their interaction with anaesthetic drugs and the 
risk of allograft rejection in the absence of ade-
quate immune- suppression. Besides this, usual 
evaluation for concomitant diseases, assessment of 
other organ function, and evaluation of functional 
status needs to be done.

46.3.2  Physiology of LT Recipient

46.3.2.1  Liver Functions
The liver synthetic functions as well as liver 
enzyme levels return to normal levels within a 
few days after transplantation. This recovery of 
functional capacity, drug metabolizing capacity, 
and synthesis of clotting factors is usually com-
plete in the initial few weeks and much before the 
structural regeneration takes place [7].

46.3.2.2  Portal Hypertension
Patients with ESLD who undergo LT have long 
standing advanced portal hypertension (PHT) 
which leads to splenomegaly and varying degrees 
of pancytopenia, as part of hypersplenism. 
Recovery from this may be slow after LT and 
many patients will have clinically significant per-
sistent thrombocytopenia. This has to be taken 
into consideration during the preoperative evalu-
ation. Some patients may require splenectomy or 
splenic artery embolization post-LT if severe 
thrombocytopenia and splenomegaly persists 
early in the postoperative course. This reduces 
splenic vein flow to the transplanted liver and 
helps manage small for size syndrome.

46.3.2.3  Renal Functions 
in the Post-LT Recipient

Hepatorenal syndrome, by definition usually 
reverses gradually after LT, but many patients 
with pre-transplant renal dysfunction may not 
have a complete recovery of renal functions [8]. 
A significant proportion (5–50%) of post-LT 
patients may develop proteinuria and new onset 
AKI in the immediate postoperative period. 
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Although, renal recovery is common in liver 
recipients; 5  years cumulative incidence of 
chronic kidney disease is 18–22% [9].

Some patients may also undergo a sequential 
or combined liver–kidney transplant which may 
be responsible for an unpredictable recovery of 
renal functions.

Furthermore, calcineurin inhibitors which 
form the back bone of immunosuppressive regi-
mens for LT patients can have significant nephro-
toxicity and hence it is important to evaluate 
renal function using blood urea nitrogen and cre-
atinine levels, urine analysis, and calculation of 
the glomerular filtration rate.

46.3.2.4  Cardiorespiratory System
Hepato-pulmonary syndrome (HPS) is a unique 
condition that develops in patients with ESLD 
and PHT, where in shunts form within the lungs 
leading to hypoxemia (platypnea and orthode-
oxia). The hypoxemia related to ventilation/per-
fusion mismatch and intra-pulmonary shunts in 
these patients may take months to reverse [10].

Another unique condition which may persist 
post-LT is porto-pulmonary hypertension (PoPH) 
which may require pulmonary vasodilators for sev-
eral months in the postoperative period. If a patient 
is on pulmonary vasodilators, such as sildenafil or 
epoprostenol, they need to be continued periopera-
tively to prevent aggaravation of pulmonary hyper-
tension (PH) due to hypoxemia, hypercapnia, or 
acidosis. In this situation nitric oxide should be 
available to manage intraoperative PH.

The hyper-dynamic circulatory state of ESLD 
as well as cirrhotic cardiomyopathy regresses 
over the next few months after LT.

The overall risk of atherosclerotic heart dis-
ease is high in LT recipients [11]. For those with 
a functional capacity of less than four metabolic 
equivalents or development of metabolic syn-
drome post-LT, cardiac evaluation to rule out 
ischemic cardiac disease is recommended, espe-
cially for extensive surgeries.

Anaemia, which is multifactorial, is frequently 
present in the preoperative period in LT recipi-
ents. Up to 45–78% post-LT patients could have 
anaemia due to the antiproliferative effects of 

antimetabolite agents on the bone marrow [12]. 
Nutritional supplementation and erythrocyte- 
stimulating agents can be used to correct anaemia 
preoperatively, before an elective surgery.

46.4  Immunosuppression

All post-LT patients are on various regimens of 
immunosuppressive therapy.

The most commonly used immunosuppres-
sive drugs in LT recipient are the calcineurin 
inhibitors (CNI), antimetabolites, like mycophe-
nolate mofetil or azathioprine and steroids.

Newer drugs, such as tacrolimus, have largely 
replaced cyclosporine A, and mycophenolate 
mofetil has replaced azathioprine in most immu-
nosuppression protocols [13].

These have a narrow therapeutic index and 
blood concentration shows significant variability. 
Immunosuppression needs to be maintained 
within therapeutic limits so as to avoid possibility 
of allograft rejection. On the other hand, immu-
nosuppression can predispose to infection and/or 
drug-specific side effects. An abnormal LFT on 
basic testing may indicate rejection, infection or 
biliary stasis [14, 15]. It is also very important to 
continue immunosuppressive medications during 
peri-operative period.

46.4.1  Side Effects 
of Immunosuppressive 
Therapy

The immunosuppressive medications over long- 
term use can lead to several side effects that may 
have an impact on perioperative care of these 
patients Table 46.2.

These toxicities are many and varied, depend-
ing on the particular agent. Some of the side 
effects of chronic immunosuppression are devel-
opment of metabolic syndrome which includes 
diabetes (DM), hypertension (HT), hyperlipidae-
mia, and weight gain as well renal dysfunction 
causing decreased glomerular filtration, protein-
uria, hyperkalaemia, and hypomagnesaemia.

46 Non-Transplant Surgery for Post-Transplant Patient
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Table 46.2 Common side effects of some immunosuppressive drugs

Tacrolimus Cyclosporine Mycophenolate mofetil Steroids
Bone marrow suppression +
•  Anaemia − − − −
•  Leukopenia − − + −
•  Thrombocytopenia − − + −
Metabolic syndrome + + − +

•  Atherosclerosis + + − ++

•  Hypertension + ++ − +

•  Dyslipidemia + +
Renal insufficiency ++ + − −
Cardiovascular hypertension + ++ − +

Endocrine
•  Diabetes

++ + − ++

•  Osteoporosis − − − ++

•  Adrenal suppression − − − ++

•  Obesity − − − ++

Neurotoxicity
•  Seizures + + − −
•  Headache + + − −
•  Psychiatric disturbances − − − +

Hepatotoxicity − ++ − −
Gastrointestinal toxicity + ++ ++ +
Infections − − − +

Others
•  Anaphylactic reactions ++ − − −
•  Cataract formation − − − +

•  Electrolyte abnormalities + + − −
+ − causes, − not known to cause
TAC Tacrolimus, CyA Cyclosporine A, MMF mycophenolate mofetil, DM diabetes mellitus, HTN hypertension, + 
Present, − Absent

Azathioprine in particular was fraught with 
the complications of myelosuppression and an 
exogenous Cushing’s syndrome. The side effect 
profile of cyclosporine included nephrotoxicity, 
premature atherosclerosis, hypertension, neuro-
toxicity, and hepatotoxicity [16–18].

The toxicity profile of tacrolimus is similar 
but less severe than cyclosporine; however, tacro-
limus is associated with hyperglycaemia, and as 
many as 20% of tacrolimus recipients develop 
insulin-dependent diabetes [12]. LT recipients 
are known to develop new onset metabolic syn-
drome characterized by obesity, diabetes, HT, 
and dyslipidemia [19]. In a meta-analysis includ-
ing 3043 transplant recipients, new-onset DM 
(NODM) was reported in 13.4% of patients after 
solid organ transplantation as early as within 
3  months post-transplant [20, 21]. Calcineurin 

inhibitors are the most important drivers for the 
post-LT metabolic complications. NODM 
increases susceptibility to infectious and cardio-
vascular complications.

Among the complications encountered in 
post-LT population, nephrotoxicity is one of the 
most prevalent mandating a special mention [5]. 
Tacrolimus as well as cyclosporine induce pro-
duction of thromboxane A2 and endothelin, 
affecting renal microcirculation, causing a dose 
related decrease in renal blood flow and glomeru-
lar filtration rate even in therapeutic doses 
[22–24].

Co-administration of drugs such as amphoter-
icin, NSAIDs, ranitidine, co-trimoxazole, tobra-
mycin, gentamycin, and vancomycin with 
tacrolimus aggravates renal dysfunction and 
hence would require dose modification.
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There is also lowering of seizure threshold, 
increased risk of infection and tumours, pancyto-
penia, osteoporosis, and poor wound healing.

Gastrointestinal ulcers may be caused by sur-
gical stress, corticosteroids, and mycophenolate 
mofetil [25]. Hence, stress ulcer prophylaxis is 
necessary.

This state of induced immunosuppression pre-
disposes patients to a number of bacterial, viral, 
fungal, and protozoal infections in addition to the 
community acquired ones adding significantly to 
morbidity and mortality [26]. It is important to 
remember that immunosuppressed patient may 
not mount fever and leucocytosis in response to 
infections, so absence of fever may not exclude 
infective complications. Certain viral infections 
may be more common due to the bone marrow 
suppressive effects of antimetabolites, for exam-
ple, infection with cytomegalovirus. Pancytopenia 
may be present in some cases due to persistent 
splenomegaly and PHT. Treatment using colony 

stimulating factors many be warranted in such 
cases.

Besides identification and treatment of pre- 
existing infections before elective surgery, all 
aseptic measures for prevention of bacterial 
infections, e.g. close systems of intravenous flu-
ids and invasive lines, must be taken along with 
surgical prophylaxis with broad spectrum antibi-
otics for ensuring a good outcome [27].

46.4.2  Drug Interactions 
of Immunosuppressive 
Therapy

Tacrolimus and cyclosporine are metabolized by 
cytochrome P-450 system of liver affecting bio-
availability of many drugs. Doses of several anti-
biotics and antifungals may need to be tailored as 
mentioned in Table  46.3. Most drugs used for 
anaesthetic procedures do not require a dose mod-

Table 46.3 Interaction of immunosuppressive drugs with antibiotics. Overview of antibiotic dose modification

Antibiotic CyA TAC MMF
Steroids
Prednisolone Methyl-prednisolone Dexa-methasone

Aminoglycocides Nephrotoxicity
Amikacine D D C C C C
Gentamycine D D C C C C
Tobramycine D D D C C C
Kanamycine D D C C C C
Macrolid
Azithromycine C NA C D C D
Clarithromcine D D C D D D
Erythromycine D D C D D D
Roxithromycine D NA C D D D
Beta lactam
Ampicillin C C C C C C
Amox clav C D D C C C
Aztreonam C C D C C C
Cefuroxime C C C C C C
Ceftriaxone D D C C C C
Ceftazidime D D C C C C
Imipenem D D C C C C
Quinolone
Cipro D D D D D D
Levo D D C D D D
Antifungal
Fluconazole D NA NA NA NA NA
Voriconazole D NA NA NA NA NA

D dose modification, C compatible, NA data unavailable

46 Non-Transplant Surgery for Post-Transplant Patient
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Table 46.4 Immunosuppressive drugs and anaesthetic 
agents

Effect
Intravenous agents
Propofol Nil
Etomidate Nil (caution for adrenal 

suppression)
Thiopentone Nil
Benzodiazepines Increased bioavailability
Opioids CYA increases the analgesic 

effect of Fentanyl
Inhalational agents
Isoflurane CYA reduces the clearance
Muscle relaxants Prolonged neuromuscular 

blockade
Local anaesthetic 
agents

Bupivacaine and Ropivacaine 
used safely

Table 46.5 Suggested preoperative investigations for 
evaluation

Investigations
Blood Haemoglobin, haematocrit

Total leukocyte count
Coagulation Platelets

PT-INR
APTT

LFT SGOT, SGPT
Bilirubin
Albumin, protein

Renal function 
tests

BUN, creatinine, urea, sodium, 
potassium

Endocrine FT3, TSH
FBS, PPBS, HbA1C

Cardiorespiratory ECG, ECHO, CXR

ification especially in the absence of renal and 
hepatic dysfunction. However, cyclosporine and 
tacrolimus may alter blood levels of certain anaes-
thetic drugs as mentioned in Table 46.4 [28, 29].

46.5  Preoperative Evaluation

With a comprehensive understanding of the phys-
iology of the post-LT patient, a thorough history 
and physical examination should be undertaken. 
Laboratory tests are needed to evaluate the func-
tional status of the allograft and other organ sys-
tems as mentioned in Table 46.5.

The need for additional preoperative tests can 
be tailored on individual basis depending on the 
surgery required. A detailed cardiac evaluation 
may be required to rule out coronary heart dis-
ease in post LT patients as the incidence of car-
diorespiratory problems within the first year of 
LT is high [30].

46.5.1  Premedication

Adequate fasting period is recommended as per 
ASA guidelines prior to surgery. In patients with 
associated comorbidities appropriate precautions 
to prevent aspiration should be taken. The usual 
anxiolytic premedication may be used, as in non- 
transplant patients. However, dose adjustment for 

some drugs may be needed. The prophylaxis for 
stress ulcer and VTE is recommended.

In situations where steroids have been recently 
withdrawn prophylactic steroids may be consid-
ered prior to induction [31]. A glycaemic control 
plan is imperative for closely managing intraop-
erative and postoperative blood sugar levels in 
the diabetic.

Immunosuppressive drugs should be contin-
ued perioperatively in the same doses to maintain 
a steady concentration and reduce the risk of 
rejection. Cyclosporine can be given 4–6 h before 
surgery while other immunosuppressive drugs 
can be administered intravenously [32].

46.5.2  Considerations for General 
Anaesthesia

There is no ideal anaesthetic strategy. However, 
balanced anaesthesia with multimodal analgesia 
is usually the preferred approach. In the presence 
of normal hepatic and renal functions all standard 
anaesthetic medications and adjuncts may be 
used safely.

It is important to maintain adequate systemic 
blood pressure and volume intraoperatively. This 
is important as hypo perfusion and ischemia are 
both poorly tolerated by the liver allograft 
because the normal physiologic mechanisms that 
maintain and control blood flow in the liver are 
blunted in post-transplant patients [17].
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In patients with renal dysfunction appropriate 
dosing of drugs metabolized by the kidney as 
well as hemodynamic management to optimize 
renal blood flow as autoregulation of renal blood 
flow is impaired.

Immunosuppressant medications may reduce 
seizure threshold hence hyperventilation during 
mechanical ventilation should be avoided [33, 
34]. Hyperkalaemia and hypomagnesemia may 
be observed with cyclosporine or tacrolimus ther-
apy [35–37]. Hence, electrolyte levels need to be 
monitored and managed.

46.5.3  Monitoring

Standard monitoring as per ASA guidelines are 
recommended. This includes continuous ECG, 
pulse oximetry, end tidal CO2, and intermittent 
BP monitoring. Invasive monitoring might be 
indicated according to the nature of surgery and 
the clinical condition of the patient under strict 
asepsis and adequate antibiotic prophylaxis.

Invasive blood pressure monitoring using an 
arterial line may be indicated for haemodynami-
cally unstable patients or those needing frequent 
blood gases, or for those requiring postoperative 
mechanical ventilation. Abdominal surgeries in 
LT recipients are likely to bleed so it is important 
to be prepared adequately with at large bore intra-
venous catheters, central venous access, arterial 
pressure monitoring, and blood cross match.

Urinary catheters can be avoided for short pro-
cedures to prevent catheter-associated urinary 
tract infection but would be required in prolonged 
surgeries or those with considerable fluid shifts.

46.5.4  Airway Management

The connective tissues in the joints are prone for 
glycosylation, especially in diabetic patients, 
resulting in reduction in range of movements. As 
a result the mouth opening maybe restricted, 
making intubation difficult. Lymphoproliferative 
overgrowth secondary to immunosuppressant 
drugs may compromise any part of the airway or 
mediastinum causing life threatening airway 
obstruction during sedation and anaesthesia [20].

Gingival hyperplasia secondary to cyclospo-
rine may lead to bleeding during airway 
manipulation.

Oral endotracheal intubation is usually pre-
ferred over nasal intubation as it does not disrupt 
the nasal flora [38]. Use of second generation 
laryngeal mask devices may be prefered over 
endotracheal intubation, if not contra-indicated. 
In such cases, additional care must be taken to 
avoid gastric distention by air inffation [39, 40]. 
Overt hyperventilation may precipitate seizures 
by reducing the seizure threshold in patients tak-
ing cyclosporine and tacrolimus.

Early postoperative early extubation is pre-
ferred to prevent the development of nosocomial 
or ventilator associated pneumonia [41].

46.5.5  General Anaesthesia

All inhalational and intravenous anaesthetics 
have been used safely in transplant recipients. 
General principles are maintaining adequate 
depth of anaesthesia and avoiding hypoxia, 
hypercapnia, high airway pressures, and exces-
sive PEEP to prevent a rise in splanchnic vascular 
resistance and decrease in hepatic blood flow as 
the normal physiologic mechanisms that main-
tain hepatic blood flow are blunted after LT.

46.5.6  Inhalation Agents

Although halothane is rarely used, it has potential 
hepatotoxicity and direct cardiac depressant 
effects. Prolonged use of N2O is best avoided due 
to the risk of bone marrow suppression and bowel 
distension [42].

Fluorinated inhalation agents such as sevoflu-
rane, isoflurane, and desflurane can be safely 
used.

46.5.7  Intravenous Induction 
Agents like

Propofol, thiopentone, and etomidate do not 
require dose adjustments. Despite being metabo-
lized by the liver and excreted by the kidney, 
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there has been no need to modify propofol dos-
age in patients with hepatic or renal impairment 
[43]. Predetermined doses of propofol may fur-
ther aggravate the adverse effects on heamody-
amincs (hypotension) in patients with 
preoperative cardiovascular compromise. Care 
must be taken to titrate the doses of induction 
agents to the effect in such situation.

Etomidate provides cardiovascular stability in 
those at risk for decompensation during the 
induction. Similar to propofol, etomidate too 
does not require any dose modification. Single 
dose administration is shown to decrease serum 
cortisol levels for at least 24  h, but this has no 
clinical implication.

The clinical effects of ketamine are prolonged 
in the presence of hepatic insufficiency as it is 
metabolized by the hepatic cytochrome P-450 
system. It can also aggravate neurotoxic effects 
of immunosuppressants.

46.5.8  Neuromuscular Blockers

Although most muscle relaxants can be used 
safely, atracurium and cisatracurium are pre-
ferred agents due to Hoffmann elimination. 
Patients on cyclosporine would require a smaller 
dose of nondepolarizing muscle relaxant, partic-
ularly vecuronium and pancuronium with pro-
longed recovery time [44–46].

Succinylcholine may be used in the need for 
rapid sequence intubation unless contraindi-
cated [47].

46.5.9  Opioids

Multimodal analgesia is to be targeted during 
perioperative period. Fentanyl is safe for short- 
term use during surgery. However, the pharmaco-
dynamic effects should be monitored due to 
accumulation effect. Morphine, codeine, oxyco-
done, and tramadol may be used with caution for 
postoperative analgesia [48]. Transdermal or on 
need based fentanyl boluses can be given.

Acetaminophen has been used without any 
adverse effects on the graft. NSAIDS may be 
contraindicated with concomitant tacrolimus use 
[49, 50].

46.5.10  Regional Anaesthesia

Liver recipient status is not an absolute contrain-
dication of regional anaesthesia. The decision to 
administer central neuraxial blockade (CNB) 
and/or peripheral nerve blocks is based on the 
need of surgery and coagulation status of the 
patient. Some post-LT recipients maybe receiv-
ing low-dose heparin, dextran, or anti-platelet 
agents for graft thromboprophylaxis in the early 
post-transplant period which may need to be dis-
continued accordingly or anaesthetic plan modi-
fied as deemed appropriate after discussion with 
the transplant team.

An epidural or spinal can be planned if clot-
ting studies (PT, INR, and APTT) and platelet 
count is normal under aseptic precautions. 
Bupivacaine and ropivacaine can be administered 
safely used through regional routes without any 
side effects.

The arguments in favour of regional anaesthe-
sia are avoidance of systemic opioids, airway 
manipulation, and pulmonary complications due 
to mechanical ventilation [51].

However, the pre-existing autonomic neurop-
athy and cardiac denervation may cause hemody-
namic collapse. Preloading with fluids before 
central neuraxial blockade may help to attenuate 
post-sympathetic blockade and hypotension. 
Direct and indirect-acting adrenergic agonists 
along with emergency airway management tools 
should be readily available for change of anaes-
thesia plan.

Peripheral nerve blocks are also a safe anaes-
thetic option, popular due to hemodynamic stabil-
ity and better postoperative analgesia. Some studies 
show no difference in duration of peripheral nerve 
blocks in patients after transplantation compared to 
the general surgical population [52, 53].
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46.5.11  Postoperative Management

ERAS protocol emphasises on early mobilsation 
and physical rehabilitation. This helps in early 
recovery and also reduces overall incidence of 
postopeative delirium.

Appropriate analgesia is an essential compo-
nent of postoperative surgical care. Parenteral 
paracetamol is an effective analgesic agent and 
may spare narcotics. There is no evidence of an 
increased risk of hepatotoxicity [54].

Once extubated, patient-controlled analgesia 
(PCA) devices are effective and well received by 
patients and nurses.

Immunosuppressive therapy should be contin-
ued during the perioperative period and daily 
monitoring of steady-state cyclosporine or tacro-
limus blood levels is recommended [55]. 
Adequate attention needs to be paid to the vol-
ume status, renal function, and prevention of 
infection.

The transplant patient population is consid-
ered as high-risk group for developing venous 
thromboembolism (VTE) [56]. However, the 
exact risk of developing VTEs in these patients is 
not clearly defined in literature, nor there are 
clear guidelines regarding the appropriate use of 
thromboprophylaxis in transplant recipients [57]. 
In our practice, VTE prophylaxis is tailored to the 
patient’s specific needs in accordance with degree 
of ambulation and coagulation status as assessed 
by viscoelastic monitoring in combination with 
standard coagulation status [29, 58].

46.6  Conclusion

Perioperative anaesthetic management in major-
ity of recipients is similar to the standard anaes-
thetic practice except for some essential 
considerations like the adverse effects of immu-
nosuppression, its interaction with anaesthetic 
drugs, the risk of infection, and the potential for 
organ rejection. Preoperative assessment of any 
transplant recipient undergoing non-transplant 
surgery should also focus on postoperative course 
since transplant, comorbidities acquired by the 

patient, biochemical evaluation of function of 
liver allograft, and other organs.

As per literature and our own experience most 
LT recipients who undergo non-transplant sur-
gery can do so safely under general anaesthesia 
without any drug interactions with anaesthetic 
drugs in the absence of liver and renal dysfunc-
tion. Depending on the type of surgery they could 
be transferred directly to the ward and discharged 
the next day after ensuring clinical and biochemi-
cal parameters to be normal. Immunosuppression 
needs to be continued perioperatively and drug 
levels can be tested prior to surgery.

Regional anesthesia including central neurax-
ial blocks and peripheral nerve blocks can safely 
be adminstered in post transplantation patients 
after confirming normal coagulation. The dose 
adjustement may not be necessary.
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