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Background: Ex situ liver surgery allows liver resection and vascular reconstruction in patients who have liver tumors locat-
ed in critical sites. Only a small series of studies about ex situ liver surgery is available in the literature. No an-
esthesia management experience has been previously published. The aim of the currents study was to sum-
marize our experience with anesthetic management of patients during ex vivo liver surgery.
Material/Methods: The first 43 patients who received ex vivo liver surgery between January 2007 and April 2012 were includ-
ed. A pulmonary artery catheter (PAC), transesophageal echocardiography (TEE), and pulse indicator continu-
ous cardiac output (PiCCO) were used intraoperatively in the patients to monitor the hemodynamic changes.
Thromboelastogram and the plasma coagulation test were used to monitor the coagulation changes.
Results: All patients received general anesthesia with rapid sequence induction. The data obtained by PAC, TEE, and
PiCOO in these cases showed large changes in hemodynamics during the stages of the first or second vessel re-
construction. The Cl decreased about 59%/63% and the MPAP decreased about 49%/37% during the first/sec-
ond vessel reconstruction. Accurate judgment of the dosage of active drug for vascular support is the key for
the stabilization of hemodynamics as quickly as possible. However, a high incidence (35.5%) of prophase fibri-
nolysis in a long anhepatic phase should be monitored and managed.

Conclusions: Ex vivo liver surgery is no longer experimental and is a therapeutic option for patients with liver cancer in crit-
ical sites. Good anesthesia support is an essential element of liver autotransplantation.
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Background

Surgical resection of tumors in most cancer cases is the only
effective modality of treatment that is capable of offering a
chance of a cure [1]. However, for many patients with liver
cancer in a critical site, such as adjacent to a large vessel re-
gion or a difficult-to-expose area, normal surgical options are
not possible. In the past, receiving a liver allotransplantation
was the only choice for these patients. However, the number
of liver donors is not sufficient to meet the demand of the in-
creasing number of patients. Ex situ ex vivo liver resection and
autotransplantation was developed by Pichlmayr et al. and
Oldhafer et al. to expand the surgical treatment to otherwise
non-resectable liver tumors [2,3]. This approach allows better
access to difficult tumor locations and complex extended resec-
tions, and some institutions have performed such procedures.

The modified ex vivo surgery does not use veno-venous by-
pass, which is its main difference from classical ex vivo liver
surgery. Ex situ liver surgery without veno-venous bypass sim-
plified the surgical procedure and decreased the postopera-
tive complications, but increased the difficulty and complex-
ity of the anesthesia management. Many pathophysiological
changes in the modified ex vivo surgery were different from
the classical ex vivo surgery and traditional liver transplanta-
tion. The surgical success depends on the anesthesia manage-
ment throughout the entire operation. Thus, this procedure is
challenging for both surgeons and anesthetists due to the in-
tensity of the hemodynamic changes, massive blood volume
loss, and administration of large amounts of blood products
and vasoactive agents within a short time. Several institutions
have performed such operations [4-8]. A large series, howev-
er, has not yet been published. The existing reports have fo-
cused on the technical feasibility or short/long-term results
of the ex situ surgery. Reports on the anesthesia management
experiences of ex situ surgery are lacking.

This paper shows our current management procedures dur-

ing the ex situ surgery and presents the first experience with
anesthesia management.

Material and Methods

Patient

The records of 43 liver cancer (hepatocellular carcinoma and
cholangiocarcinoma) patients who underwent ex vivo liver
surgery with the same surgical and anesthesiological staff at
our hospital between January 2007 and April 2012 were ret-
rospectively studied. The study protocol was approved by the
Committee on Human Research of Southwest Hospital of the
Third Military Medical University (Army Medical University) of
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China PR. All patients received a comprehensive evaluation,
including a general examination and the analysis of all test
results to exclude cirrhosis, cholestatic, and liver malfunction.
The degree of the inferior vena cava and/or main hepatic vein
involvement was assessed by preoperative radiographic inspec-
tion and verified when the liver was explored in the opera-
tion. The tumor diameter was 6-13 cm, the extent of involved
IVC was 79-100° circumferentially and 4-7 cm longitudinally,
which were unresectable by conventional techniques. Patents
weighing 45-68 kg and aged 44-69 years accepted the ex vivo
liver surgery. They were not allowed access to water or food
for 6 h before the surgery.

Anesthesia

All patients who underwent the ex vivo liver surgery received
general anesthesia with rapid endotracheal intubation. After in-
tramuscular injection (IM) premedication with midazolam (0.1
mg/kg) and atropine sulfate (0.5 mg), an intravenous catheter
was inserted in a forearm vein to administer Ringer’s solution
followed by propofol (2 mg/kg), fentanyl (2-3 pg/kg), and ve-
curonium (0.08-0.1 mg/kg) for induction and intubation. After
tracheal intubation, the lungs were ventilated (Servo 99c ven-
tilator, Siemens, Munich, Germany) with an oxygen-air mix-
ture (FIO,=0.4) to maintain end-expiratory carbon dioxide at
30-40 mmHg. Anesthesia was maintained with a continu-
ous infusion of propofol (50-150 pg/kg/min) and remifentanil
(0.1-0.5 pg/kg/min) and with bolus injections of vecuronium
(0.08-0.1 mg/kg/30 min). The left radial artery was cannulated
for blood sampling and blood pressure monitoring. Two cen-
tral venous catheters were inserted in the right internal jugu-
lar vein: one (7F double-lumen catheter, Arrow International,
Pennsylvania, USA) for intravenous fluid infusion, drug admin-
istration, and monitoring the central venous pressure (CVP),
and the other (8.5F; Arrow International) for pulmonary artery
catheterization. A femoral vein catheter was inserted for mon-
itoring the CVP of the inferior vena cava. A warming pad was
used to maintain body temperature at approximately 37°C.
Metabolic acidosis was corrected by the administration of so-
dium bicarbonate. Bolus doses of calcium chloride were given
to maintain an optimal plasma concentration of ionized calci-
um. Dopamine was infused intravenously at 5-10 pg/kg/min to
maintain a mean blood pressure of 60-80 mmHg when neces-
sary. All patients received colloids, blood, and fresh frozen plas-
ma during the surgery.

Surgical procedures (Figure 1)

Our procedure for ex vivo liver surgery was modified from the
classic ex vivo liver surgery.

The bilateral subcostal incisions which provided adequate ex-
posure were used for all cases. After separating adhesions,
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Figure 1. The images show the typical surgery procedures of a modified ex situ ex vivo liver resection and autotransplantation.
(A) The large convex lump in the top portion of the liver was liver cancer; (B) The first porta hepatis structures after the
liver were removed from the body; (C) The inferior vena cava was rebuilt with a vascular prosthesis; (D) The portal vein was
anastomosed with the vascular prosthesis; (E) Ex situ ex vivo liver cancer resection in the HTK preservative fluid; (F) The liver
cancer was resected from the liver, and the vessel stumps were ligatured; (G) The porta hepatis structures after the liver
were autotransplanted. a: inferior vena cava or vascular prosthesis; b: hepatic artery; c: portal vein.

mobilization of liver, the tumor location and extent of tumor
involvement was carefully reassessed through both intraop-
erative palpation and ultrasonography. All patients underwent
the total vascular exclusion (TVE) in view of the tumor location
and extent of tumor involvement: the suprahepatic and infra-
hepatic vena cava were exposed and controlled as well as the
portal vein and hepatic artery. After the portal vein, hepatic
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artery, and common bile duct were clamped and divided, ap-
proximately 8 cm inferior, the vena cava, including the conjunc-
tive port with the liver vessels, was dissociated and clamped
(defined as the first vascular reconstruction). Thus, the organ
can be completely removed from the body with the inferior
vena cava segment.
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Figure 2. Hemodynamic data (mean +SD, n=31) measured by pulmonary artery catheter, TEE, and PiCCO. (A) Heart rate (HR); (B) Mean

arterial pressure (MAP); (C) Central vascular pressure (CVP); (D) Cardiac index (Cl); (E) Pulmonary vascular resistance index
(PVRI); (F) Systemic vascular resistance index (SVRI); (G) Mean pulmonary arterial pressure (MPAP); (H) Stroke volume (SV);
(1) Pulmonary capillary wedge pressure (PCWP); (J) Vasoactive agents were used during operation. TO: after intubation and
cannulation; T1: 5 min before the first vessel reconstruction; T2: immediately after starting the first vessel reconstruction; T3:
5 min after starting the first vessel reconstruction; T4: 5 min after the first reperfusion; T5: 5 min before the second vessel
reconstruction; T6: immediately after starting the second vessel reconstruction; T7: 5 min after starting the second vessel
reconstruction; T8, 5 min after the second reperfusion; and T9: at the end of the surgery. P<0.05 vs. baseline (T0).

Immediately after the successful procurement of the whole liv-
er, in 1 surgical group we reconstructed the inferior vena cava
(IVC) with an 8-cm vascular prosthesis (2 cm in diameter). After
that, the IVC was unclamped, and then the stump of the portal
vein was anastomosed with the side of the vascular prosthe-
sis for portosystemic shunt (defined as the first reperfusion).

Another surgical group was scheduled to have bench resection
simultaneously. The liver was adequately perfused with pres-
ervation solution [histidine-tryptophan-ketoglutarate (HTK)-
Bretschneider] at 4°C through the cannulation of the portal
and arterial systems and immediately packed with ice, then
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the tumor was meticulously dissected under intraoperative ul-
trasonographic guide.

After carefully examining for any leaks, the suprahepatic and
infrahepatic vena cava were clamped and the prosthetic graft
was removed, then the autograft was reimplanted orthotopi-
cally. The suprahepatic vena cava, hepatic IVC, PV, HA, and bil-
iary tract were successively reconstructed. When the suprahe-
patic and infrahepatic vena cava were reclamped, the temporal
shunt was interrupted (defined as the second vessel recon-
struction). After finishing the portal anastomosis, reperfusion
was then commenced (defined as the second reperfusion).
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Table 1. General data of patients and anesthetic management
data (N=43).

Body weight (kg) 57+6
 Operativetime() 82:23
 First vessel reconstructive time (min)  229+56
 Second vessel reconstructive time (min)  249:34
© Anhepatic phase (min) 250445
' Concentrated red cell infusion volume (ml) 8631234
 Freshfrozen plasma  1276:320
© Humanabbumin@® 3559
© Colloidalvolume (m) 12004344
* Crystalloid volume (m)  1500:46
 Urinevolume (m)  1300:400
Booldloss(m) 15871434
Hospitalstay (day)  261:103

Vessel reconstructive time: the time between the inferior vena
cava crossclamp for initiation of reconstruction with a vascular
prosthesis, and the end of the termino-lateral porto-caval (to
caval graft) anastomosis.

Finally, the wound was closed after meticulous hemostasis.
A rapid infusion pump (Terumo Terufusion syringe pump TE-
312, Japan) was used to administer fluids, all of which, includ-
ing the blood and plasma, had been prewarmed in an incu-
bator at 37°C. The volume and speed of fluid administration
were guided by the hemodynamic parameters.

Monitoring

The central venous pressure (CVP), mean pulmonary arteri-
al pressure (MPAP), and pulmonary capillary wedge pressure
(PCWP) were monitored via a PAC using a Marquette Eagle
4000 monitor (GE, New York, USA). In all cases, a TEE was
used, including an ultrasound probe with combined M-mode
and Doppler transducers. It was placed in the esophagus and
positioned at proximity to the aortic walls to evaluate cardi-
ac output (CO), stroke volume (SV), ejection fraction (EF), and
left ventricular end-diastole volume (LEDV). Sample images ob-
tained from the patients are shown in Figure 2. In the first 3
cases, we wanted more information on the systemic vascular
resistance index (SVRI), extravascular lung water (EVLW), and
intrathoracic blood volume (ITBV) to guide the fluid transfu-
sion. Thus, the PiCCO was also used in the remaining cases: A
5-Fr PiCCO thermodilution arterial catheter (FT-Pulsion-cath,
Pulsion Medizintechnik, Munich, Germany) was inserted into
the femoral artery.
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Table 2. Postoperative complications data(N=43).

Bleeding 5 (11.6%)
Liver failure 8 (18.6%)
Biliay leakage 10 (23.2%)
Renal failure 4 (9.3%)
Pneumonia 3 (6.9%)
Table 3. Data for 9 cases of death in-hospital.
Liver failure 5 (55.5%)
Renal failure 1 (11.1%)
Sepsis 3 (33.3%)

Other physiological parameters, including urine volume, acid-
balance (blood gases i-STAT portable clinical analyzer, Heska,
USA), electrolytes, clotting profile, and nasopharyngeal tem-
perature (Marquette Eagle 4000, GE), were also monitored
throughout the surgery.

The parameters were recorded at the following times: after
intubation and cannulation (T0), 5 min before the first vessel
reconstruction (T1), immediately after starting the first ves-
sel reconstruction (T2), 5 min after starting the first vessel re-
construction (T3), 5 min after the first reperfusion (T4), 5 min
before the second vessel reconstruction (T5), immediately af-
ter starting the second vessel reconstruction (T6), 5 min af-
ter starting the second vessel reconstruction (T7), 5 min after
the second reperfusion (T8), and at the end of surgery (T9).

Data analysis

The parameter/laboratory value was obtained in all patients;
unfortunately, 9 patients died of liver dysfunction and sep-
sis after surgery. All data are expressed as the mean values
+SD, except those measured by PiCCO (only in 1 case are data
presented) for analysis by one-way ANOVA followed by the
Student-Newman-Keuls test, when appropriate. P<0.05 was
considered statistically significant.

Results

General data of patients and anesthetic management data

Table 1 summarizes the general data of the patients and an-
esthetic management, including the average consumption of
concentrated red blood cells, platelets, and fresh frozen plasma.
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Ex vivo surgery is of necessity a long surgical procedure. The
operative time was 8.2+2.3 h. However, it was shorter com-
pared with that reported by Oldhafer et al. [2]. Postoperative
complications are summarized in Table 2. Data for 9 cases of
in-hospital death are summarized in Table 3.

Changes in hemodynamic parameters and the dosages of
vasoactive agents

Almost all hemodynamic parameters were stable from induc-
tive anesthesia to the start of the first vascular reconstruc-
tion. Two minutes before the clamping the inferior vena cava,
5-8 pg/kg'/min! dopamine and 0.2-0.7 pg/kg/min norepineph-
rine were used to prevent excessive hemodynamic changes.
Dosage of 5 pg/kg'/min~t dopamine and 0.2 pg/kg/min nor-
epinephrine were suitable for most cases. When the inferior
vena cava and portal vein were clamped for liver removal (T2
time point), the hemodynamic parameters changed significant-
ly. The HR increased from 72.54+8.2 to 122.2+10.1 bpm (p<0.05)
(Figure 2A). The MAP decreased from 86.8+9.3 to 45.3+5.3
mmHg (p<0.05) (Figure 2B). The CVP of the inferior vena cava
increased from 8.2+0.6 to 32.943.2 mmHg. The CVP of the
superior vena cava decreased from 7.2+0.6 to 1.9+0.2 mmHg
(Figure 2C). The Cl decreased from 4.2+0.5 to 1.7+0.2 L/min-m?
(p<0.05) (Figure 2D). The MPAP decreased from 18.1+1.9 to
9.2+0.8 mmHg (p<0.05) (Figure 2G). The dosages of dopamine
and norepinephrine were regulated to 5-8 pg/kg'/min! and
0.2-0.7 pg/kg/min, respectively, to ensure that MAP was not
less than 60 mmHg. An injection of 10 mg esmolol hydrochlo-
ride was used if the HR was over 130 bmp (Figure 2)).

All of these parameters returned to their baseline values after
the inferior vena cava was rebuilt with the vascular prosthesis
and the portal vein was anastomosed with the vascular pros-
thesis. The dosage of dopamine decreased to 2-3 pg/kg/min,
and that of norepinephrine decreased to zero (Figure 2A-2J).

At the T6 time point, the hemodynamic parameters changed
more significantly than at the T2 time point (Figure 2A-2J).
The HR increased from 80.3+9.4 to 127.3+12.1 bpm (p<0.05)
(Figure 2A). The MAP decreased from 79.2+8.1 to 40.2+8.3
mmHg (p<0.05) (Figure 2B). The CI decreased from 4.1+0.6 to
1.5+0.2 L/min-m? (p<0.05) (Figure 2D). The MPAP decreased
from 13.1+2.5 to 8.240.6 mmHg (p<0.05) (Figure 2G). The
CVP of the inferior vena cava increased from 7.1+2.2 to
31.545.6 mmHg (Figure 2C). The CVP of the superior vena
cava decreased from 6.1+0.7 to 1.2+0.2 mmHg (Figure 2C).
The dosages of dopamine and norepinephrine were regulat-
ed to 6-10 ugkg™-min~! and 0.2-0.7 pg/kg/min, respective-
ly, to ensure the MAP was not less than 60 mmHg (Figure 2J).

All of these parameters returned to their baseline values at
the end of the operation. The dosage of dopamine decreased
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to 2-3 pg/kg/min, and that of norepinephrine decreased to
0.05-0.1 pg/kg/min (Figure 2A-2)).

Coagulation changes monitored by thromboelastogram

The TEG variables were: reaction time (R), the time to clot ini-
tiation; kinetics time (K), the time to reach a certain threshold
of clot strength; alpha (o) angle, slope between R and K; max-
imum amplitude (Ma), the maximum strength of the clot; and
CL30 (LY30), the degree of thrombolysis at 30 min.

The analysis (Figure 3A-3G) showed that the coagulation in-
dex increased from +3.45+0.25 at TO to +5.46+0.47 at T1
and decreased to +1.22+0.20 at T3 (p<0.05), —2.34+0.21 at
T5 (p<0.05), and —5.14+0.46 at T7 (p<0.05). The R time and K
time were maintained until T3 and then increased significantly
at T3, T5, T7, and T9 (p<0.05). The o corner and Ma remained
stable until T7 and T9, when it decreased significantly com-
pared with TO. The CL30 did not change significantly through-
out the operation. There were no fibrinolysis cases until T3,
and there were 3 cases at T5 and 4 cases each at T7 and T9.

Coagulation changes monitored by the plasma coagulation
test

The analysis (Figure 4A-4D) showed that the fibrinogen level
decreased slowly from 3.24+0.28 g/L at the beginning of the
operation to 2.96+0.19 g/L at T1, 2.1240.21 g/L at T3 (p<0.05),
1.82+0.15 g/L at T5 (p<0.05), 1.63£0.14 g/L at T7 (p<0.05), and
1.42+0.15 g/L at the end of the operation (p<0.05). The APTT, PT,
and TT did not change significantly throughout the operation.

Changes in electrolytes and blood gas analysis

The analysis (Figure 5A-5D) showed that almost all electrolyte
levels remained stable during the entire operation (p>0.05). In
addition, PCO, and PO, did not change significantly (p>0.05).
However, the pH value decreased from the beginning of the
operation and reached a minimum 7.26+0.03 at T8. After the
use of the sodium bicarbonate solution, the pH value returned
to the normal range. The lactic acid level increased gradual-
ly (p<0.05), which might be the main source of the unstable
pH value.

The analysis (Figure 5E-5H) showed that 110.9+20.3 ml of 5%
sodium bicarbonate solution was given when the second ves-
sel reconstruction was finished and during the reperfusion of
the inferior vena cava and portal vein. In addition, 48.3+5.3
ml of 10% glucuronic acid calcium infusion was given routine-
ly to all patients to maintain normal calcium levels when they
received FFP or concentrated red blood cells.
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Figure 3. Coagulation changes measured by thromboelastogram. (A) Coagulation index (Cl); (B) Reaction time (R); (C) K time, the
sludged blood formative time (K); (D) a angle (); (E) Maximum amplitude (Ma); (F) Whole-blood clot lysis index at 30 min
(CL30); (G) Fibrinolysis cases: TO: after intubation and cannulation; T1: 5 min before the first vessel reconstruction; T3: 5 min
after starting the first vessel reconstruction; T5: 5 min before the second vessel reconstruction; T7: 5 min after starting the
second vessel reconstruction; and T9: at the end of the surgery. P<0.05 vs. baseline (T0).

Discussion a basis, the anesthesia management of modified ex vivo liver

surgery was still challenging because little was known about
Many clinical centers have shared their experiences with the the involved pathophysiological changes during the entire op-
anesthesia management of orthotopic liver transplantation pa- eration. Previous studies reported that the ex vivo liver sur-
tients [9-13]. Although 1324 cases of successful orthotopic liv- gery used veno-venous bypass, which had more complications,
er transplantation in our hospital provided much experience as such as increased bleeding and hemolysis [2]. In addition, no
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anesthesia management experience had been previously pub-
lished for either classic or modified ex vivo liver surgery. Our
experiences with modified ex vivo surgery without veno-ve-
nous bypass were sufficient to ensure patient safety and were
helpful for improving the clinical practice.

The maintenance of hemodynamic stability during surgery
is crucial for surgical success [14]. Liver surgery is associat-
ed with large fluid shifts due to massive blood loss, dehydra-
tion, vascular clamping, long ischemic time, and intraopera-
tive visceral exposure. The hemodynamic changes during the
dissection phase were mainly due to blood loss during liver
removal. The intense hemodynamic changes occurred dur-
ing the first and second vessel reconstruction because of the
occlusion of the inferior vena cava and portal vein. These in-
tense hemodynamic changes impaired the functions of the
heart, lung, kidney, and brain. Regulating the hemodynamics
by using vasoactive agents as soon as possible was very im-
portant for patient safety.

However, there were many factors that influenced the degree
of hemodynamic change at this time. The main influencing
factors were body height, body weight, and collateral circula-
tion of the inferior vena cava. In addition, each patient has an
obviously different sensitivity to the vasoactive agents. All of
these factors make it difficult for the anesthetist to decide on
the appropriate dosage of vasoactive agents. In our experience,

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

281

the first step is a sufficient infusion of blood products, such as
erythrocytes, FFP, cryoprecipitation, or albumin prepared from
human plasma selected according to the patient’s coagulation
state prior to vessel reconstruction. Then, 2 min before the
inferior vena cava was clamped, appropriate doses of dopa-
mine and norepinephrine were used to decrease the excessive
change in the hemodynamics. Although some patients with
rich collateral circulation have a stable hemodynamic situation,
most patients lack sufficient collateral circulation due to the
fast growth pattern of the tumor, so we also asked the surgeon
who exploratorily clamped the inferior vena cava to observe
the severe dilation of the infrahepatic vena cava or the condi-
tion of the intestines, which greatly helped the anesthetist to
decide on the prophylactic dose of vasoactive agents. The pro-
phylactic use of 5 ug/kg*/min-' dopamine and 0.2 pg/kg/min
norepinephrine 2 min before the complete clamping of the in-
ferior vena cava was used to avoid severe hemodynamic fluc-
tuations in most cases. During the first vascular reconstruction,
the dosages of dopamine and norepinephrine were regulated
to 5-8 ug/kg/min~' and 0.2-0.7 pg/kg/min, respectively, to
ensure that the hemodynamic parameters met the needs of
the patient. Two minutes before the first reperfusion, the dos-
age of dopamine decreased to 2-3 pg/kg™'/min~' and norepi-
nephrine was stopped to avoid high hemodynamics evoking
pulmonary injury or edema due to the absence of bleeding.
Although the use of dopamine in the perioperative support of
liver transplant recipients remains controversial, especially in
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Figure 5. The changes in electrolytes and blood gas analysis. (A) Hydrogen-lon concentration (PH); (B) Partial pressure of carbon
dioxide (PCO,); (C) Partial pressure of oxygen (PO,); (D) Lactic acid concentration; (E) Natrium ion concentration (Na*);
(F) Potassium ion concentration (K*); (G) Calcium ion concentration (Ca?*); (H) Chlorine ion concentration (cl). TO: after
intubation and cannulation; T1: 5 min before the first vessel reconstruction; T2: immediately after starting the first vessel
reconstruction; T3: 5 min after starting the first vessel reconstruction; T4: 5 min after the first reperfusion; T5: 5 min before
the second vessel reconstruction; T6: immediately after starting the second vessel reconstruction; T7: 5 min after starting the
second vessel reconstruction; T8: 5 min after the second reperfusion; and T9: at the end of the surgery. P<0.05 vs. baseline

(T0).

the role of renal protection, small doses of dopamine are still
thought to be helpful in the protection of microcirculation dur-
ing liver transplantation [15,16]. We also found that the dosage
of norepinephrine could be decreased, avoiding hemodynamic
fluctuation during the modified ex vivo liver surgery. However,
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the role of dopamine remains ambiguous and demands fur-
ther study. In our study, the hemodynamics were relative sta-
ble because of the fluid replacement and the application of
vasoactive agents guided by the PCA, TEE and PiCCO. The in-
traoperative transfusion requirement was 48804243 ml, and
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pulmonary complications (pneumonia) occurred in 3 patients
(6.9%). Among the 9 patients who died after surgery, 1 died
of respiratory failure related to fluid overload.

The anhepatic phase lasted 250+45 min and gradually in-
duced severe lactic acidosis. Five minutes after starting the
first vessel reconstruction, the lactic acid content increased
significantly compared with the baseline (p<0.05). However,
the hemodynamics were stable during the anhepatic phase,
and the lactic acidosis did not need to be addressed. In or-
thotopic liver transplantation, lactic acidosis was constantly
serious, requiring large doses of sodium bicarbonate [17,18].
In contrast, the acidosis situation in the modified ex vivo liver
surgery did not require aggressive treatment due to the infe-
rior vena cava being rebuilt and the portal vein being anasto-
mosed with a vascular prosthesis.

Compared with the first vascular reconstruction, the condition
of the patient in the second vascular reconstruction was more
serious because of the increased lactic acidosis and the distur-
bance of other electrolytes. Additionally, the massive hemor-
rhage in the raw surface of the liver aggravated the hemody-
namic inhibition during the second reperfusion. Occasionally,
judging whether acidosis or hemorrhage was the main cause of
the hemodynamic inhibition was difficult. Our experience was
that a sufficient fluid content should be given slowly to achieve
a CVP value of 7-9 mmHg during the anhepatic phase. The dos-
ages of dopamine and norepinephrine in the second vascular
reconstruction increased by 3-5 ug/kg/min compared with the
dosages in the first vascular reconstruction. When the second
vascular reconstruction was finished, we asked the surgeon
to reopen the inferior vena cava first. The bleeding from the
anastomoses of the inferior vena cava was carefully stopped.
Then, the portal vein was reopened, and the hemorrhage was
addressed from its anastomoses. Thus, the volume of hemor-
rhaging could be obviously decreased. When the portal vein
was reperfused, 110.9+20.3 ml of 5% sodium bicarbonate so-
lution was given immediately. The change of hemodynamic
was sometimes drastic because of the low volume and acido-
sis, so epinephrine was recommended to avoid cardiac arrest.

From 5-10 min after the second reperfusion, the hemodynam-
ics recovered, and only small dosages of dopamine and norepi-
nephrine were needed. Our data show that the most important
aspect during this phase was the regulation of coagulation.

Patients who received large amounts of blood intraoperatively
have been shown to have a higher risk of many complications,
such as infection, lung injury, severe allergic reaction, and ana-
phylaxis. Thus, decreases in the administration of FFP, plate-
lets, and cryoprecipitate have been the main methods used
to regulate coagulation function. We used TEG and the nor-
mal coagulation test to direct the infusion of blood products

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

283

ORIGINAL PAPER

during the entire operation. The benefits of thromboelastog-
raphy (TEG)-based transfusion algorithms have been known
for many years [19,20], and its use permits the assessment of
both absent components of whole-blood coagulation and fi-
brinolysis, instead of singular parameters of procoagulation
or anticoagulation. The TEG data showed that the patients, at
the beginning of the operation, had shorter r and k times and
higher alpha angle and MA values compared to the normal
values of a healthy adult because patients with a liver tumor
are in a hypercoagulable state [21]. Following the surgery, the
coagulation state of the patients remained decreased because
of bleeding, hypothermia, or other pathophysiological chang-
es. Under the direction of TEG, we carefully regulated the in-
fusion rate of cryoprecipitate, FFP, and platelets to ensure that
the TEG parameters reached a suitable level, which was slight-
ly lower (-10~—20%) than the normal value, but satisfied the
needs of surgery (i.e., no obvious blood oozing from the wound
surface). Thus, this state could help decrease the incidence of
complications that are feared by surgeons, such as hepatic ar-
tery thrombosis and other thromboembolic events. Compared
with TEG, the normal coagulation function test is not sufficient
to determine whether a decrease in coagulation factors is the
result of hemodilution or coagulopathy (factor deficiency and
fibrinolysis), but it was also used in vitro to assess the effect
of treatments such as antifibrinolytic therapy. During the an-
hepatic phase, a rapid rise in tissue-type plasminogen acti-
vator occurs in the absence of a2-antiplasmin and plasmino-
gen activator inhibitor, with the net result being an increase
in plasmin activity and a hyperfibrinolytic state [22-24]. The
TEG data showed 35.5% (11 cases) prophase fibrinolysis cases
in the whole operation, with 22.6% (7 cases) at the anhepatic
phase (T5 plus T7) and 12.9% (4 cases) at the end of the op-
eration. In our experience, the appropriate use of tranexamic
acid (2~3 g) or EACA (0.25~0.5 g) at the dissection phase was
valuable in decreasing the incidence of fibrinolysis and did not
obviously influence the coagulation state. Tranexamic acid is
a synthetic derivative of the amino acid lysine, which exerts
its antifibrinolytic effect through the reversible blockade of
lysine-binding sites on plasminogen molecules. Bleeding and
anastomotic vessel thrombosis are common complications in
association with the ex situ procedure. In our study, bleeding
occurred in 5 (11.6%) patients and no surgical intervention
was required. No anastomotic vessel thrombosis was found.

Conclusions

The participation of a multidisciplinary team in ex vivo liver sur-
gery is of utmost importance. In optimized anesthetic manage-
ment of circulation, coagulation function is an essential part.
Anesthetic management during ex vivo liver surgery is a rap-
idly growing field that has evolved dramatically over time. Our
management may be appropriate for this surgery considering
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the low early postoperative mortality (20.9%) and the low in-
cidence of early complications of bleeding, pulmonary com-
plications, and embolization. However, long-term results are
needed for further analysis.
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