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ABSTRACT

BACKGROUND: The liver transplantation is a standard treatment method for the indicated group of patients
with a final hepatic failure. The aim of this paper was to compare two reperfusion methods of implanted liver,
non-venting and venting vena cava, and to evaluate the impact of both techniques on the post reperfusion

syndrome.

METHODS: We compared two groups of patients: non-venting (n = 42) and venting (n = 41). We monitored
bilirubin, liver enzymes and hemodynamic changes after reperfusion. We recorded monitored parameters
immediately prior to the transplantation, during and after the reperfusion and on the 1st postoperative day. All

liver grafts were used from the donors after a brain death.

RESULTS: We did not find a statistically significant difference in input monitored parameters. We detected
significant changes of pH after reperfusion in both monitored groups. We determined a significantly better
saturation in the non-venting group, bigger consumption of fresh frozen plasma and thrombo-concentrate in
the non-venting group, a significantly higher value of total bilirubin and a lower value of Quick’s time in the

non-venting group.

CONCLUSION: Venting via vena cava inferior did not impact the perioperative and early postoperative
course of liver transplantation in our group of patients. However, further analyses are required (Tab. 2, Fig. 3,

Ref. 20). Text in PDF www.elis.sk
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Introduction

Liver transplantation is today considered a life-saving treat-
ment for patients with terminal acute or chronic failure of the
liver — ESLD (End Stage Liver Diseases) or for a certain group
of patients with tumour diseases (1). The preservation of the liver
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is a substantial part of the whole transplantation process, because

it provides time for the preparation of the recipient and the par-

ticipating team.
The basic aim of the liver preservation is an immediate onset

of its function after implantation in the body of the recipient. A

failure of liver after transplantation is divided into three categories:

1. primary graft afunction, which means an irreversible failure of

the liver after its transplantation, 2. primary graft dysfunction,

which means a partial failure of liver functions, 3. later onset of
graft functions, which means the liver starts functioning only after

a certain time. The basic strategy for liver preservation today is

hypothermia and pharmacological inhibition to slow down meta-

bolic processes during anoxia (2). There are four phases, during
which the liver damage occurs, namely:

1. Pre-preservation damage. This phase takes place in the body of
the donor. It includes conditions of donor’s resuscitation, hypo-
tension and hemodynamic instability.

2. Phase of the preservation during a cold ischemia.

3. Rewarming of the graft during implantation, so-called rewarming
injury. This is the phase of implantation (construction of vascular
anastomoses) and manipulation with the liver in the body of the
recipient, but without connection to circulation of the recipient.

4. This phase is the damage of the liver by the reperfusion — the
reperfusion syndrome (3).
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Since the UW (University of Wisconsin) solution introduction
to the clinical practice, the liver transplantation has become a rou-
tine treatment method in the world. Several clinical studies state
the primary graft afunction occurs only in the range 4-7.5 %, when
using the UW solution with a cold ischemia less than 16 hours (4).
The liver can be rinsed after implantation of liver into the body of
the recipient immediately prior to the reperfusion with special solu-
tions, such as Carolina rinse solution. It prevents the influx of cold
solution rich in potassium from the implanted liver directly into
the heart of the recipient. Rinse solutions contain also other com-
ponents improving the transplantation result, such as: antioxidants,
hydroxyethyl starch, adenosine and others (5, 6). After the initial
enthusiasm, however, only a small effect on the post-transplant
function of the liver was determined (lower levels of transaminases
and bilirubin), and therefore their application is currently gradu-
ally abandoned and the majority of workplaces rinses the implant
with the recipient’s blood through infrahepatic anastomosis (7).

The aim of the liver reperfusion (antegrade or retrograde) is
to renew the blood flow in the implanted organ. In case of the an-
tegrade reperfusion, the preservation solution is either discharged
into the system circulation with the risk of PRS occurrence or is
discharged outside the circulation — venting via vena cava. In the
first case we talk about a system reperfusion and in the latter about
non-system reperfusion (8). The most often used technique is the
method of sequential antegrade reperfusion with an initial portal
revascularization. The reason for this order is to renew the blood
flow in the implant through vena portae as quickly as possible,
because its construction is technically less difficult and can be
performed quickly. The rewarming time/injury is thus minimized,
because the inserted liver graft is warmed from the recipient’s body.
Another advantage of this procedure is a quick release of an acute
portal hypertension caused by the clamp applied to vena portae (9).

We have been using the technique of sequential antegrade re-
perfusion with the initial portal revascularization at our workplace
since the start of liver transplantation program; during the first pe-
riod with a system reperfusion and later we moved to a non-system
reperfusion — venting via vena cava inferior.

The aim of this paper was to compare two methods of implant-
ed liver reperfusion during the transplantation with the evaluation
of the impact of both techniques on the post reperfusion syndrome
(PRS) during the operation and the evaluation of the impact on the
carly postoperative development. We have compared the system
and non-system reperfusion with the assumption that the second
reperfusion method would be more beneficial for the periopera-
tive and postoperative development, as the cold preservation so-
lution with accumulated toxic substances did not get directly in
the recipient’s heart.

Methods

It was a prospective study on patients, who underwent liver
transplantation from the donors after brain death in the F.D. Roo-
sevelt’s Faculty Hospital in Banska Bystrica. We determined in-
put data for each patient consisting of age, MELD score (Model
of End Stage Liver Diseases), CTP (Child Turcotte Pugh) score,
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percentage of donor hepatic steatosis and age of donor. The group
of patients was divided to two groups according to the type of re-
perfusion — non-venting and venting.

In the non-venting group, we released vascular clamps after
sewing of the cavo-caval anastomosis and porto-portal anasto-
mosis with a subsequent discharge of the cold preservation solu-
tion with accumulated metabolites of the anaerobic cold ischemia
directly into the recipient’s circulation. In the venting group, we
performed the reperfusion by the second method, i.e. after a partial
sewing of the cavo-caval anastomosis, we left it partially open on
the vascular Satinsky clamp on the vena cava. We subsequently
performed the reperfusion of the implanted liver through the con-
structed porto-portal anastomosis. We discharged the preservation
solution through the partially open cavo-caval anastomosis outside
the patient’s circulation. We sampled the discharged effluent for
a laboratory examination. Afterwards, we completed the sewing
of the cavo-caval anastomosis, released Satinsky clamp and thus
completely renewed the circulation in the transplanted liver. In this
way, the cold preservation solution with accumulated metabolites
of anaerobic ischemia did not get into the patient’s circulation.

We monitored the same clinical and laboratory parameters in
both groups, which we mutually compared. We monitored: Model
of End Stage Liver Diseases — MELD, CTP — Child Turcotte Pugh,
plasmatic concentrations of Na, K, CI, Ph, blood pressure, pulse,
Mean Arterial Pressure — MAP, central venous pressure — CVT,
presence of cardiac rhythm disorder, necessity of resuscitation and
duration of cold ischemia.

We recorded the monitored parameters immediately prior to
the transplantation, during and after the reperfusion and on the
1st postoperative day.

All patients were treated by one surgeon.

We performed a mathematical modelling, estimated the pa-
rameters as well as did the graphic visualization of analysis in the
user interface of the R program, version 3.22 (R Core Team, 2017),
using basic libraries. Comparisons of continuous variables between
the groups were carried out using parametric (t-test) or nonparamet-
ric (Mann-Whitney) tests; associations between categorical vari-
ables were analysed using the ¥2 test and Fisher’s exact test, as ap-
propriate; we considered the value p <0.05 statistically significant.

The study was approved by the institutional review board
(No: EK 1645/2015).

Results

The non-venting group included 42 patients; the venting group
41 patients. Characteristics of the groups are shown in Table 1.

Tab. 1. Characteristics of the group.

non-venting venting p
recipient’s age (years) 50.26+10.34 51.54+10.3 0.575
MELD 17.26+6 16.41+5.77 0.514
CTP 6.62+2.94 6+2.98 0.952
graft steatosis (%) 11.31+14.1 6.71£9.98 0.090
donor’s age (years) 40.33+14.92 42.17+16.91 0.601

MELD — Model of End Stage Liver Diseases, CTP — Child Turcotte Pugh
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Fig. 1. Comparison of pH value before and after reperfusion and mu-
tual comparison of changes between non-venting and venting groups

We did not find any statistically significant difference in the
input monitored parameters. The cold ischemia period was in the
non-venting group 430 minutes and in the venting group 426 min-
utes (p = NS), which confirmed that groups were homogeneous
with regards to the recipient and the donor.

We did not find any statistically significant difference between
the non-venting and venting group in the comparison of the con-
sumption of erythrocyte concentrate during the transplantation and
on the 1st postoperative day. The average consumption of eryth-
rocyte concentrate units was 6.17 units in the non-venting group
and 5.46 units in the venting group.
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Fig. 2. Comparison of values of systolic and diastolic blood pressure between transplan-
tation phases (F1 — before reperfusion, F2 — after reperfusion, F3 — the first postopera-
tive day) and between non-venting and venting groups (red — systolic, blue — diastolic)
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Fig. 3. Comparison of mean arterial pressure (MAP) before and after
reperfusion and mutual comparison of changes between non-venting
and venting groups

A statistically significant difference was not confirmed in the
comparison of potassium before and after reperfusion in the moni-
tored groups; the change of the potassium value was also with-
out any statistically significant difference. On the other hand, we
found significant changes of pH after reperfusion in both moni-
tored groups (Fig. 1).

By analysing the values of systolic and diastolic blood pres-
sure (BP) in 3 phases: (F1 — before reperfusion, F2 — after reper-
fusion, F3 — the first postoperative day) we identified a significant
increase of both the systolic and diastolic BP after reperfusion in
both monitored groups. By comparing the non-venting and vent-
ing groups, we found a significant decrease of both
the systolic and diastolic BP (phase 1-2) and a sig-
nificant increase of systolic BP in phase 2-3 in the
venting group (Fig. 2).

We recorded a significant decrease of the mean
arterial pressure after reperfusion in the venting
group (Fig. 3).

Table 2 shows clinical parameters. We found
a significantly better saturation in the non-venting
group; a larger consumption of fresh frozen plasma
and thrombo-concentrate in the non-venting group;
a significantly higher value of total bilirubin and
lower value of Quick’s time in the non-venting

group.
Discussion

In our analysis, we included 42 patients after
liver transplantation in the non-venting group and
41 patients after liver transplantation in the venting
group. After comparison of input monitored param-
eters, we did not find any statistically significant
differences. The risk factors for post reperfusion
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Tab. 2. Average values of clinical parameters.

non-venting venting P
CIT (min) 429.29+137.59  426.83£122.66  0.931
saturation (%) 98.1+£2.01 96.71£1.82  <0.0001
diuresis (ml/hour) 90.41+44.07 81.59+53.62 0.417
erythrocyte concentrate (unit) ~ 6.17+5.09 5.46+3.69 0.474
CMP (unit) 27.29+10.37 12.8+6.4 <0.0001
thrombo-concentrate (unit) 1.5+1.63 0.68+1.01 <0.01
total bilirubin (umol/l) 103.55+79.64 70.82+54.96 <0.05
Quick’s time 54.44+11 63.84+12.46  <0.001
Hemoglobin (g/1) 83.19+16.49 88.85+12.42 0.081
AST (pukat/l) 14.73+£22.42 16.08+26.33 0.801
ALT (pkat/l) 8.31+13.03 10.01£12.8 0.550
ALP (pkat/l) 1.74+0.65 1.72+0.97 0.924
GMT (pkat/l) 1.21+0.87 1.58+1.16 0.104

CIT - cold ischemia time, CMP — fresh frozen plasma, AST — aspartate aminotrans-
ferase, ALT — alanine aminotransferase, ALP — alkaline phosphatise, GMT — gamma
glutamyl transferase

syndrome from the perspective of the donor are: age of the donor,
cold ischemia time, donor risk index, presence of macrovesicular
steatosis and large grafts as converted to the general size of the
recipient’s body (10, 11, 12, 13). The risk factors from the per-
spective of the recipient are: age of the recipient, MELD score,
hemodynamic response to clamping of the vena cava inferior and
warm ischemia in graft implantation (14, 15, 16). The develop-
ment of post reperfusion syndrome is attributed also to the type
of preservation solution. Only the HTK solution was used in our
analysis in both groups, so both non-venting and venting groups
were equal also in this regard.

There were changes in K+ levels after the reperfusion with a
minimum decrease in serum levels and minimum difference be-
tween the non-venting and venting groups. We found that the vent-
ing technique only minimally affected serum levels of potassium
in samples taken from patient’s peripheral artery 5 minutes after
a reperfusion. We assumed that accumulated K+ in the preserva-
tion solution in the liver would cause in the non-venting group
increase of potassium serum levels, but this assumption was not
confirmed. We explain it by already diluted level of K+ serum
concentration, because samples were taken 5 minutes after the re-
perfusion. It is rather the bolus increase of K+ concentration with
an immediate and direct impact on the myocardium that affects
the pathophysiology of the post reperfusion syndrome. Literature
states the causes of hyperkalaemia in early post reperfusion period
a metabolic acidosis in anhepatic phase, exogenous intake of K+
in case of excessive transfusions of erythrocyte concentrates due
to large losses during explantation of the liver or usage of preser-
vation solution UW — University of Wisconsin, which is hyper-
kaliaemic. A significant hyperkalaemia was referred especially in
case of livers taken from donors with non-beating heart, so-called
DCD - Donor Circulatory Death (17).

In monitoring the dynamics of pH change we recorded a
decrease of pH in both groups after reperfusion. We found that
venting via vena cava did not affect the pH level in the serum 5
minutes after the reperfusion. Total pH of the patient was more
affected by the surgery stress, hypothermia or also a loss of blood.
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We found in our measurements a paradoxically higher decrease
of pH in the venting group. Our assumption that by discharging
acidic effluent the pH in the patient’s serum will increase was not
confirmed. However, to accurately assess the pH effect in the non-
venting group it would be necessary to take blood samples during
reperfusion directly from the right atrium.

The analysis of changes of systolic and diastolic pressures
in individual transplantation phases (F1 — before reperfusion,
F2 — after reperfusion, F3 — the first postoperative day) showed a
statistically significant decrease of the systolic and diastolic pres-
sure in the venting group after a reperfusion (comparison F1 —F2)
by 17.8/12.6 mm Hg. These values attested a statistically largest
pressure decrease in the venting group after reperfusion, which we
did not expect. We explained this decrease by a bolus discharge
of the preservation solution and portal blood during reperfusion.
We discharged the volume 400 ml into surgical extractor. We ex-
plained the short-term decrease of pressure in the venting group
by a sudden discharge of effluent in the said volume, what was
not critically manifested in the patient in the general context of
haemodynamics of reperfusion.

By analysing the mean arterial pressure, we found that there
was a statistically significant average decrease of MAP present
in the venting group as compared to the non-venting group dur-
ing reperfusion. We recorded the MAP decrease by 30 % and
more compared to the input value in the non-venting group in
6 patients and in the venting group in 10 patients. We explained
this as the consequence of a sudden discharge of effluent in the
said volume, which induced the decrease of pressure by more
than 30 %. However, we did not observe rhythm disorders or
resuscitation event in these patients, which are typical for devel-
oped post reperfusion syndrome. Ryu et al found in their study
that after the administration of phenyleprine or Epinephrine there
was a significant reduction of occurrence of the post reperfusion
syndrome and reduction of the need of vasoactive substances
during neohepatic (after reperfusion) phase of transplantation
(18). Fukuzawa et al analysed in their study of 715 patients the
occurrence and course of the post reperfusion syndrome. They
found more significant decrease of MAP in the group with post
reperfusion syndrome. They stated that a gradual hemodynamic
recovery of the patient started not already after the portal, but
only after the arterial revascularization of the transplanted liver.
They explained it by the fact that the rinse of the preservation
solution only with portal blood was insufficient and a complete
discharge of vasoactive and inflammatory mediators happened
only after the revascularization of the arteria hepatica of the graft
(10). This theory suggests that venting only via the portal blood,
as we did in our study, might not be sufficient as a prevention of
the post reperfusion syndrome.

After we compared the consumption of erythrocyte concen-
trate (but also thrombo-concentrate) during the transplantation
and on the 1st postoperative day we found that there was no sta-
tistically significant difference between the non-venting and vent-
ing groups. This is an important finding, because we discharged
400 ml of the preservation solution together with the portal blood
from the patient’s body in the venting group and this volume was
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not immediately substituted. Despite that this blood loss did not
manifest in any significant way in the increased consumption of
erythrocyte concentrate units. We assumed that we should have
a reduced consumption of erythrocyte concentrate units in the
venting group by prevention of the post reperfusion syndrome,
but this assumption was not confirmed. We think that routine use
of cell saver also contributes to even consumption of erythro-
cyte concentrate units in both groups. Based on our experience,
we can say that by a gradual growth of surgical experience we
achieved a shorter operative time and thus in a direct proportion
also smaller perioperative blood losses. Coelho et al reached the
same conclusion. They compared two transplantation eras at their
workplace: the first in 2002-2006 and the second in 2007 and
2011. They found that they had a significantly lower consump-
tion of blood derivatives in the second era than in the first era of
transplantations. They attributed it to a growing experience of the
surgical and anaesthesiological team and similarly as in our case
to mandatory use of the cell saver and autologous erythrocyte
concentrate (19).

In the monitoring of the consumption of fresh frozen plasma
units during the transplantation and on the Ist postoperative
day, we found that the consumption of fresh frozen plasma was
significantly higher in the non-venting group than in the venting
group. We explained the decrease in the consumption of the fresh
frozen plasma in the venting group by the change of the haemo-
static management in the period of inclusion of patients in this
group and not by the venting technique itself. Its consumption
dramatically dropped with a growing experience of surgeons and
anaesthesiologists and with the transition from a large volume of
plasma to administration of hemocomplettan (fibrinogen). Stud-
ies proved that administration of plasma with the aim to correct
the coagulation did not reach the desired effect on the coagula-
tion or reduction of erythrocyte concentrate consumption. It was
even proved that an excessive supplementation of patients with
blood derivatives reduced 1-year survival after the transplanta-
tion (20). The significantly higher value of the Quick’s time in
the venting group was caused by a better haemostatic manage-
ment of the patient in the second decade of transplantations
and not by the technique itself. We have implemented the vent-
ing technique at our workplace in 2015, but at the same time
we have started to use ROTEM for diagnostics of coagulation,
which allowed us a targeted correction and supplementation of
coagulation factors.

Conclusion

We can establish on the grounds of our analysis that venting
via vena cava inferior did not affect the perioperative and early
postoperative course of liver transplantation in the set of moni-
tored parameters. Further analyses are required in the future to
evaluate the significance of venting of the preservation solution
during reperfusion in liver transplantation, which would include
direct invasive measurements of hemodynamic and laboratory
parameters in the heart and lungs during reperfusion by means of
transoesophageal echocardiogram or a direct sampling of labora-

tory parameters from the heart and a direct measurement of tem-
perature in the heart.

We have been using venting via vena cava as a standard at
our workplace since 2015 during liver transplantation for all the
patients. We will continue with the established procedure in the
clinical practice, despite the fact that our hypothesis was not con-
firmed in the group of monitored parameters. We think that the
effect of venting via vena cava will show in the group of other
prospectively monitored data.
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