
Familial amyloid polyneuropathy (FAP) is a rare form of 

amyloidosis that is predominantly found in Portugal, Ja-

pan, and Scandinavia [1]. It is characterized by a progres-

sive sensory-motor polyneuropathy with often severe auto-

nomic neuropathy due to amyloid deposition [2]. Trans-

thyretin (TTR) is a transport protein produced mainly by 

the liver that carries retinol-binding protein and thyroxine. 

Misfolding of TTR monomers causes aggregation which re-

sults in the formation of amyloid fibrils. TTR gene mutation 

makes the protein more prone to the dissociation to mono-

mers from its natural tetramer forms; thus, formation and 

aggregation of amyloid fibrils are accelerated and its accu-

mulation causes various impairments in the organ [3]. 
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Thus, liver transplantation (LT) is required to stop its pro-

gression [4]. However, undergoing major surgical opera-

tions puts the patient at risk for various anesthetic compli-

cations due to various organ impairments caused by amy-

loid deposition.  

Domino LT was first proposed in 1995 [5]. The liver of an 

FAP patient is fully functional, except for the production of 

mutant TTR. Since the clinical manifestation of amyloid 

deposition takes years to develop [6], it is reasonable to 

make use of the explanted liver for patients with hepatic 

failure or cancer who are in need of urgent LT. 

Here, we present a series of living donor LTs (LDLTs; i.e., a 

domino LT), first performed in Korea. Institutional Review 
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Board approved the study (no. 2020-06-087) and waived the 

requirement for informed consent for all three patients. 

CASE REPORT 

Demographics of three patients are presented in Table 1, 

and timeline of operation is presented in Fig. 1. 

Case 1. First donor 

A 24-year-old man presented as a living donor for LT. 

Preoperative evaluation revealed a 2.5-pack-year smoking 

history without any other past medical history or abnormal 

laboratory/imaging findings. 

Spinal and general anesthesia was planned, and 2 mg of 

midazolam was administered intravenously as a sedative. 

Spinal anesthesia was performed using 27 G Whitacre nee-

dle with a midline approach at L4-5. Morphine sulfate (400 

μg) was injected intrathecally without any acute complica-

tions. Intravenous thiopental (350 mg) was administered 

as an induction agent and vecuronium (8 mg) was used as 

a neuromuscular blocking agent. Continuous remifentanil 

infusion beginning at 0.2 μg/kg/min was administered to 

control pain, as well as to manage discomfort caused by in-

tubation. After mask ventilation with 100% oxygen and iso-

flurane for 3 min, intubation was performed with ease. The 

arterial catheter was placed in the right radial artery for 

monitoring. 

Anesthesia was maintained with isoflurane and continu-

ous infusions of both vecuronium and remifentanil. Plas-

ma solution A® was used for hydration at a rate of 200 ml/h. 

The Pringle maneuver was applied for 17 min 40 s without 

significant hemodynamic instability. Four hours after in-

duction, 5,000 units of heparin were administered intrave-

nously and the graft was harvested. Hydroxyethyl starch 

solution (500 ml) was infused following the harvest, and 

isoflurane was changed to desflurane. Pyridostigmine (15 

mg) paired with glycopyrrolate (0.4 mg) was given as a re-

versal agent, and 25 mg of pethidine was given as well. To-

tal urine output was 130 ml and the estimated blood loss 

(expressed as lost red blood cell [RBC] mass was) 463 ml 

[7]. The donor was transferred to the post-anesthesia care 

unit after surgery and was discharged on the 10th postop-

erative day (POD) without any complications; no transfu-

sions were required. 

Case 2. First recipient (second donor) 

A 59-year-old woman presented for living donor LT and 

Case 1.

Operation

Pre

Pre

NeoI

I

I Neo

A

A

N

N

00:00

01:07

02:55

04:57 05:36
Gr

04:49 
Gr

06:15 

06:04 
Rep

07:56 
Rep

12:47

08:30

Case 2.

Case 3.

Fig. 1. Timeline of the three consecutive operations for the domino 
liver transplantation. All timelines are relative to the start of the 
operation for Case 1. I: induction, Gr: graft out, Pre: prehepatic stage, 
AN: anhepatic stage, Neo: neohepatic stage, Rep reperfusion.

Table 1. Summary of Cases of Domino LT

Variable  Case 1 Case 2 Case 3

Sex M F M

Age (yr) 24 59 64

BMI (kg/m2) 21.67 20.88 28.96

Blood type B+ B+ B+

MELD - 8 9

Graft type Right hemiliver Extended right hemiliver -

Graft size (g) 630 605 -

GRWR - 1.15 0.8

BMI: body mass index, MELD: model for end-stage liver disease, GRWR: graft recipient weight ratio.
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as a liver donor for domino LT. She presented with symp-

toms of edema and paresthesia of both lower extremities 7 

years ago and was found to have cardiomegaly on chest ra-

diography. She was diagnosed with amyloidosis 1 year pre-

viously while undergoing a pericardial window operation 

for pericardial effusion. 

Airway examination showed macroglossia. Laboratory 

findings showed a decrease in hemoglobin concentration 

(10.1 g/dl); prolongation of prothrombin time (PT) ex-

pressed as an international normalized ratio (INR) of 1.13; 

and elevated cardiac markers (troponin I 0.131 ng/ml [ref-

erence range: <  0.04 ng/ml], NT-proBNT 2,739 pg/ml [ref-

erence range: <  222 pg/ml]). Chest radiography was con-

sistent with previous findings of cardiomegaly without ac-

tive lung lesions. Sinus rhythm with atrial premature com-

plexes and left ventricular hypertrophy were found in elec-

trocardiogram. An echocardiogram showed increased left 

ventricle (LV) wall thickness, diastolic dysfunction (grade 

2) with increased LV filling pressure, both atrial enlarge-

ment, and a moderate amount of pericardial effusion. The 

LV ejection fraction was 60.5% without regional wall mo-

tion abnormality. The right ventricle cavity size and systolic 

function were normal. These findings were an improve-

ment compared to echocardiogram findings from 4 months 

previously. During consultations, cardiologists agreed that 

the patient’s cardiac condition had improved and that she 

would be able to undergo the operation. Nerve conduction 

study results were suggestive of amyloidosis-associated 

polyneuropathy with abnormal electrophysiology. Auto-

nomic nerve function tests showed severe sudomotor, ad-

renergic, cardiovagal autonomic dysfunction. After con-

sulting with cardiologists, we decided to proceed without 

inserting a temporary pacemaker. Instead, an external 

patch and defibrillator were prepared in the operating 

room for possible intraoperative cardiac complications 

such as severe atrioventricular block. Prior to induction, 

trans-esophageal echocardiography (TEE) was set up in 

the operating room to ensure that it was ready to use if 

needed; however, it was not inserted to prevent complica-

tions such as varix bleeding. 

The arterial line was acquired with administration of lo-

cal anesthesia before induction in order to monitor arterial 

blood pressure during induction. Induction was success-

fully done with 16 mg of etomidate, 8 mg of vecuronium, 

and isoflurane. Intubation was easily performed with a 

Macintosh blade #3. Macroglossia with nodules due to am-

yloidosis was noted, but the vocal cord was spared for infil-

tration. An additional arterial line at the right femoral ar-

tery was acquired. The central venous line was also placed 

in the right femoral and right internal jugular veins. A mul-

tifunction pulmonary artery catheter was inserted to moni-

tor cardiac output, pulmonary arterial pressure, pulmonary 

artery occlusion pressure, and mixed venous oxygen satu-

ration. During these procedures, the patient’s heart rate did 

not change in response to the stimuli, such as intubation or 

line insertion. Instead, the heart rate slowly but continu-

ously decreased to 48 beats/min. Isoproterenol (1 μg/min) 

was administered and the heart rate increased to 80 beats/

min. Isoproterenol was tapered to 0.5 μg/min and the infu-

sion rate was maintained. Remifentanil and norepineph-

rine were used appropriately to control blood pressure, 

and vecuronium was infused continuously to ensure ade-

quate neuromuscular blockade. 

Blood flow to and from the left lobe was kept intact to 

minimize the changes in hemodynamics throughout the 

procedures. Post-reperfusion syndrome was noted with a 

decrease in mean arterial pressure from 75 to 36 mmHg 

without a change in heart rate (92 beats/min). Pulmonary 

arterial pressure decreased from 18 to 13 mmHg. Phenyl-

ephrine (50 μg) was administered and the continuous infu-

sion rate of norepinephrine was increased; autologous 

blood from Cell Saver was transfused to normalize the 

blood pressure. Hemodynamic parameters remained sta-

ble after the intervention with a vasopressor; thus, TEE was 

not used throughout the procedure. 

The total urine output was 685 ml, and the estimated lost 

RBC mass was 641 ml [7]. One unit of pre-leukocyte-re-

duced RBC (PLRBC) and 471 ml of autologous blood from 

Cell Saver was transfused and the operation commenced 

uneventfully. The patient was transferred to the intensive 

care unit (ICU) while intubated after removal of the pul-

monary artery catheter. Continuous isoproterenol infusion 

was maintained during the transfer to the ICU. During the 

transfer from the operation table to the hospital bed, the 

external patch was incidentally removed but was not reat-

tached because the patient’s vital signs were stable. 

Postoperative laboratory values were as follows: hemo-

globin 9.6 g/dl, platelet counts 114 ×  103 /μl, PT INR 1.62, 

and fibrinogen 180 mg/dl. Five hours later, continuous in-

fusion of vasopressin (0.03 unit/min) was added to main-

tain blood pressure, and isoproterenol infusion was 

stopped due to sinus tachycardia (120 beats/min). On the 

1st POD, the patient showed stable vital signs and alert 

mental status thus, the patient was weaned off the ventila-
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tor and the endotracheal tube was removed. The patient 

remained alert and vital signs were stable after extubation. 

However, after 1 h, the patient suddenly complained of 

chest discomfort, and her mental status changed to stupor. 

Vital signs showed a blood pressure of 66/19(30) mmHg, 

heart rate of 120 beats/min, and SpO2 of 94%; intubation 

was performed immediately. One liter of Plasma Solution 

A® and 1 unit of PLRBC were administered rapidly, and a 

continuous infusion of norepinephrine (0.6 μg/kg/min) 

was started. Two hours and eight minutes after intubation, 

ventricular tachycardia was observed on electrocardio-

gram. Cardioversion with 200 J was performed twice, and 

amiodarone (150 mg) was administered intravenously as a 

loading dose. A blood pressure of 81/51(59) mmHg with a 

heart rate of 130 beats/min was achieved after the inter-

vention. Three units of fresh frozen plasma and six units of 

cryoprecipitate were transfused. However, after 1 h and 3 

min of cardioversion, pulseless electrical activity (PEA) oc-

curred. Cardiopulmonary resuscitation (CPR) was per-

formed with a total bolus injection of epinephrine (14 mg) 

and recovery of spontaneous circulation (ROSC) was 

achieved; a continuous infusion of dobutamine (5 μg/kg/

min) was added. Eighteen minutes after the first ROSC, 

PEA was checked again and we performed CPR for a sec-

ond time. Ten minutes after the second CPR session, ROSC 

was achieved again. However, 13 min after the second 

ROSC, PEA occurred again. CPR was started for a third 

time, but she died 4 h and 37 min after intubation. 

Case 3. Second recipient 

A 64-year-old man agreed to undergo domino LT. He was 

diagnosed with liver cirrhosis due to hepatitis B virus in-

fection and had undergone multiple transarterial che-

mo-embolization due to hepatocellular carcinoma. With-

out a living donor and with a low model for end-stage liver 

disease score of 9, he was not eligible for LDLT or deceased 

donor LT (DDLT). He agreed to undergo domino LT with a 

liver graft from a FAP patient. 

The patient was on medication for hypertension and dia-

betes mellitus II. Laboratory findings were consistent with 

cirrhotic liver and chronic illness showing a hemoglobin of 

8.6 g/dl, platelet count of 89 ×  103 /μl, and a prolonged 

prothrombin time (INR) of 1.34. All other test results were 

within the normal range. Upper and lower gastrointestinal 

endoscopy was performed and no active bleeding lesions 

were found, but esophageal and gastric varices were found. 

Induction was performed with thiopental (325 mg), atra-

curium (40 mg), and sevoflurane. Intubation was per-

formed with ease and without complications. Arterial and 

central lines were placed with a multifunction pulmonary 

artery catheter. Anesthesia was maintained with isoflurane 

and continuous infusion of atracurium. The liver was un-

eventfully extracted. At the start of the anhepatic phase, 

Hepabig 10,000 IU mixed with 200 ml of 5% dextrose solu-

tion was infused. Dopamine and norepinephrine were giv-

en at rates of 3 μg/kg/min and 0.05 μg/kg/min, respective-

ly, to maintain blood pressure. The total urine output was 

1,100 ml, and the estimated lost RBC mass was 874 ml. 

Three packs of PLRBC and 100 ml of blood from Cell Saver 

were transfused. The patient was transferred to the ICU 

while still intubated. He was moved to the general ward on 

the 6th POD without any complications and was dis-

charged 2 weeks later. 

DISCUSSION 

FAP is the hereditary form of TTR-related amyloidosis 

which is caused by mutations in the TTR gene, which alters 

the secondary and tertiary structure to alter metabolism 

and amyloid fibril formation [2]. LT is the only treatment 

option that can stop its progression; however, it presents 

various challenges for anesthetic management of these pa-

tients. Meanwhile, explanted liver from FAP patients is fully 

functional, except for the production of the mutated amy-

loids, which becomes a clinical problem in the years fol-

lowing the transplant to a non-FAP patient. Thus, as in our 

case, it can be a possible treatment option for those who 

may not be candidates for either LDLT or DDLT. Since 

domino LT is possible, with the presence of a structurally 

and functionally normal liver of FAP patients, FAP patients 

are important for a successful operation. 

Various intraoperative anesthetic management tech-

niques should be considered for patients with FAP. Periph-

eral vasodilation, cardiac autonomic denervation, and re-

strictive cardiomyopathy secondary to amyloid infiltration 

contribute to hypotension [8,9]. Intraoperative TEE is a 

useful modality to differentiate the cause of hypotension 

[10]. Although TEE was prepared in case it was needed to 

identify the cause of hypotension during the procedure, 

there was no incidence of unstable hemodynamic changes 

that were not already expected during the LDLT proce-

dures. There was an event of PRS; however, it was quickly 

corrected with vasopressor interventions. If there was an 
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event that was not expected during regular LDLT proce-

dures, TEE could provide additional information that 

would be useful for differentiation of hypotension.  

The patient had cardiac denervation, which was present-

ed as bradycardia in this case. Therefore, the patient did 

not manifest dramatic increases in heart rate or blood 

pressure, despite preparing the patient for the operation 

(e.g., intubation, position change). Cardiac autonomic de-

nervation in FAP does not alter cardiac beta-receptor re-

sponsiveness to catecholamine, thus isoproterenol is used 

to increase heart rate while atropine may be ineffective [8]. 

Isoflurane is known to decrease arterial pressure mainly 

by reducing systemic vascular resistance with minimal ef-

fect on cardiac output compared with other volatile anes-

thetics [11]. Use of isoflurane for patients with FAP for reso-

lution of sinus dysrhythmia has also been reported, thus 

indicating that it is a good choice for maintaining anesthe-

sia [12]. Researchers speculate that isoflurane decreases 

the rate of phase 4 depolarization of sinoatrial node cells 

[13]. 

There are discrepancies in implementation of preopera-

tive pacemaker insertion in FAP patients with cardiac in-

volvement who are undergoing LT [14]. After in-depth dis-

cussion with cardiologists and surgeons, we decided to 

omit temporary pacemaker insertion and proceeded with 

the procedure using an external patch. It was thought to 

give the same benefit as the pacemaker without the patient 

having to go through another meticulous procedure. Im-

plementation of a pacemaker could provide stable rhythm 

control compared to an external patch. However, undergo-

ing the procedure may burden the FAP patient. In addition, 

the placed wire can interfere with the pulmonary arterial 

catheter introduced during induction, causing complica-

tions such as arrhythmia. If the pacemaker wire was intro-

duced via femoral access, the position could be altered 

during inferior vena cava clamping during the operation. 

Despite timely CPR management in the ICU, the patient 

was not resuscitated. Autonomic denervation of the FAP 

patient’s heart makes it resistant to inotropic and chrono-

tropic actions that we routinely use in the cycles of CPR. It 

would have been more beneficial if isoproterenol was used. 

There are reports of sudden unexpected death of patients 

with cardiac amyloidosis which may be a result of arrhyth-

mias or disturbances of conduction [15]. The patient's 

heart was functionally at risk for conduction failure; it 

would thus have been helpful if the external patch or pace-

maker was in place post-operatively. 

Notably, this is the first case of domino LT in Korea and 

anesthetic management was successfully performed with-

out complications during the operation. However, there are 

still challenges in managing patients with FAP post-opera-

tively, which would dramatically alter the course of the pa-

tient. 
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