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SUMMARY
This study describes the risk of thrombotic and hemorrhagic complications, both intraoperatively, and up to 1 month following visceral transplantation. Data from 48 adult visceral transplants performed between
2010 and 2017 were retrospectively studied [32 multivisceral (MVTx); 10
isolated intestine; six modified-MVTx]. Intraoperatively, intracardiac
thrombosis (ICT)/pulmonary embolism (PE) occurred in 25%, 0% and
0% of MVTx, isolated intestine and modified MVTx, respectively, and was
associated with 50% (4/8) mortality. Preoperative portal vein thrombosis
(PVT) was a significant risk factor for ICT/PE (P = 0.0073). Thromboelastography resembling disseminated intravascular coagulation (DIC) (r time
<4 mm combined with fibrinolysis or flat-line) was statistically associated
with occurrence of ICT/PE (P < 0.0001). Compared to subgroup without
ICT/PE, occurrence of ICT/PE was associated with an increased demand
for all blood product components both overall, and each surgical stage.
Hyperfibrinolysis (56%) was identified as cause of bleeding in MVTx. Incidence of postoperative thrombotic event at 1 month was 25%, 30% and
17% for MVTx, isolated intestine and modified MVTx, respectively. Incidence of postoperative bleeding complications at 1 month was 11%, 20%
and 17% for MVTx, isolated intestine and modified MVTx. In conclusion,
MVTx recipients with preoperative PVT are at an increased risk of developing intraoperative life-threatening ICT/PE events associated with DIClike coagulopathy.
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Introduction
Visceral transplantation includes the grafting of the
small intestine, alone, or as part of a multivisceral organ
block, with the liver (MVTx) or without the liver (modified MVTx) [1,2]. This complex procedure is the only
long-term therapy for patients with intestinal failure,
commonly due to venous or arterial visceral thrombosis,
that eliminates their dependence on parental nutrition
and attendant complications [1–3]. Additional indications for visceral transplantation include otherwise
unresectable benign or low-grade malignant tumors,
desmoid, and neuroendocrine tumors, with or without
hepatic metastasis, in the absence of extra-abdominal
disease [1–4]. Despite current advancements in survival,
when MVTx is performed in patients with extensive
portal mesenteric thrombosis (PVT), it remains a surgical challenge that carries high risk of bleeding [4]. Rutter et al.’s [5] study reported a 29% 1-year mortality in
MVTx recipients, with on-table bleeding responsible for
14% of mortality, and that thrombosis was among the
other causes of early mortality. Older studies have suggested that disseminated intravascular coagulation
(DIC) during orthotopic liver transplantation (OLT) is
rare [6–8]. Recent studies have observed that coexisting
morbidities may serve as a trigger for the development
of DIC-related hemorrhagic and thromboembolic events
in OLT [9,10]. Unfortunately, incidence of thrombosis
and hemorrhage in visceral transplantation remains
unknown.
The purpose of this observational study was to fill in
this gap and to identify risk factors for the development
of thrombotic and hemorrhagic complications intraoperatively, and up to 1 month after visceral transplantation. Derived knowledge was then used to develop a
practical intraoperative coagulation management algorithm in patients undergoing visceral transplants, which
include the liver.

Method
Following IRB approval, data were extracted from all 48
adult (≥18 years old) visceral transplant medical records
performed at University of Miami/Jackson Memorial
Hospital from 2010 to 2017 (Fig. 1). We defined
thrombotic events as (i) intraoperative diagnosis of
intracardiac thrombosis (ICT) or pulmonary embolism
(PE); (ii) postoperative diagnosis of upper or lower
deep venous thrombosis (DVT) or PE during the 1st
month following transplantation. Intraoperatively, using
transesophageal echocardiography (TEE), diagnostic of
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ICT was made by the direct visualization of intracardiac
clots. Criteria for clinical diagnostic of intraoperative PE
were (i) acute onset of systemic hypotension with sudden increase in central venous pressure from baseline
and (ii) echocardiographic evidence for pulmonary
artery clots, elevated pulmonary arterial pressure, or
acute right heart pressure overload (dilated right ventricle and atrium with emptied left ventricle). Postoperatively, DVT was diagnosed with ultrasonography of the
extremities, while PE was diagnosed with contrast-computed tomography of the chest. Hypercoagulable state
work-up tested for deficiency of protein S, C, or
antithrombin III, and for the presence of lupus anticoagulant. Diffuse thrombosis of the portomesenteric system was diagnosed with triple-phase computerized
tomography, or with magnetic resonance imaging with
venous reconstruction. Pretransplant history of DVT/PE
or superior mesenteric artery (SMA) thrombosis was
extracted from the medical record. Long-term anticoagulation was administered pre- and/or post-transplant to
patients who had thrombotic complications, unless history of bleeding. All recipients received DVT prophylaxis
with
mechanical
compression
stockings
intraoperatively. Once platelet count was >40 9 103/ll,
sq heparin 5000 units every 8 h, plus aspirin 81 mg po
were initiated postoperatively.
The anesthesia management protocol included
administration of general anesthesia and placement of
two arterial catheters (radials or radial and femoral)
plus 1–2 large-bore central venous access line (12F and
9F, usually right or left internal jugular vein based on
accessibility). TEE was used in all cases, while continuous cardiac output Swan-Ganz pulmonary artery catheters were used until 2013. Thromboelastography
coagulation monitoring (TEG; Haemonetics, Braintree,
MA, USA) was made at baseline, just prior to, and
30 min after reperfusion. Additional TEG tests were
performed based on the clinical scenario. Utilizing TEG,
fibrinolysis was defined in the presence of ≥7.5% reduction in amplitude 30 min after maximal amplitude
(LY30 ≥7.5%) (Haemonetics, TEG manual). Coagulation index: [(0.1227 9 R time + 0.0092 9 K time +
0.1655 9 MA)
0.0241 9 Alpha angle 5.022], which
combines all pro-coagulant TEG variables, was calculated for patients who developed ICT (Haemonetics,
TEG manual). Heparin and epsilon aminocaproic acid
(EACA) administration was at the discretion of the
team. Intraoperative blood product administrations
were extracted from the anesthesia record. Transfusion
of packed red blood cells (pRBC), fresh frozen plasma
(FFP), platelets (PLTS), or cryoprecipitate (CRYO) was
Transplant International 2018; 31: 1125–1134
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Six patients received
Modified Multivisceral
Transplant
Stomach, pancreas ± spleen,
small and large bowel

48 patients received
Visceral transplant

10 patients received
Isolated Intestinal Transplant
Small and large bowel

Two out of 10 patients received
also Kidney Transplant

32 patients received
Multivisceral Transplant
Liver, stomach, pancreas ±
spleen, small and large bowel

Five out of 32 patients received
also Kidney Transplant

Figure 1 Visceral transplant flow chart.

based on blood loss and TEG analysis. In surgical situations with massive hemorrhage, using 1–2 rapid infusers
(Belmont instrument Co., Billerica, MA, USA), an optimal FFP:pRBC ratio of at least 1:2 was given in mixture
with normal saline. Transfusion of blood components
aimed at restoration of hemostasis (TEG with R time
4–9 min; K time 1–3 min; alpha angle 59°–74°; maximum amplitude 55–74 mm). Thirty day postoperative
hemorrhagic complications were defined as those necessitating exploratory laparotomy for control of bleeding.
After visual confirmation of excellent transplant quality, grafts were procured from deceased donors using
standard harvesting techniques [3,4]. Organ matching
was determined by blood type, donor medical history,
and recipient size. The surgical technique included three
stages: in stage I, the native organs were resected (visceral exenteration); stage II started with removal of the
target organ(s) and consisted of the creation of arterial
inflow and venous outflow anastomoses; stage III
started with reperfusion of graft followed by reconstruction of gastrointestinal continuity and completion of
the surgery. Veno–veno bypass was attempted in a single case (Patient#1; Table 2), but was aborted due to
clotting of the ex vivo circuit.

Statistics
Categorical variables were presented as counts and
percentages with differences between the groups
assessed using chi-square (v2) tests. Odds ratios (OR)
and 95% confidence intervals (CI) were calculated.
Continuous variables with skewed distributions were
Transplant International 2018; 31: 1125–1134
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presented as median and range (min–max) with differences between groups assessed by the Wilcoxon
rank-sum test. Linear regression was performed
between the three surgical stages and total pRBCs,
FFP, PLTS and CRYO administered on patients with
and without ICT to identify the relationship between
the ICT and overall blood products administered. P
values <0.05 signify statistical significance. All statistical analysis was performed using JMP PRO13 (SAS Institute, Cary, NC, USA).

Results
Demographic and pretransplant comorbidities are presented in Table 1. Preoperative screening for hypercoagulable state was available for 30 of 48 patients and
showed reduced activity of antithrombin III (<80%) in
33% (10/30), protein S (<70%) in 53% (16/30), and
protein C (<70%) in 40% (12/30) of the patients, while
lupus anticoagulant was positive in 17% (6/36) of the
patients. Two patients were diagnosed preoperatively
with myeloproliferative syndrome (polycythemia vera)
pretransplant. The overall incidence of any pretransplant thrombotic event (DVT, PE, SMA thrombosis or
PVT) was 54% (26/48) with SMA thrombosis 15%
(7/48), PVT 25% (12/48) and DVT/PE 31% (15/48).
Half of the patients that presented with PVT had also
history of DVT/PE. Pretransplant thromboprophylaxis
done in 17% (8/48) of the patients included coumadin
(one patient) or low-molecular-weight heparin (seven
patients). Inferior vena cava filter was placed in two
patients.
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Table 1. Demographic and pretransplant comorbidities on patients receiving a visceral transplant.

Age, years
Male, n%
MELD, medical
Caucasian, n%
BMI
Redo-transplant, n%
PVT, n%
Previous abdominal surgery, n%
TPN, n%
Pretransplant RRT, n%
Pretransplant hospitalization, n%
Systemic hypertension, n%
Diabetes, n%
CAD, n%
History of smoking, n%
History of DVT/PE, n%
Etiology

MVTx
n = 32

Modified MVTx + isolated intestine
n = 16

49 (18–68)
17 (53%)
13 (6–32)
22 (69%)
24 (17–38)
4 (12.5%)
12 (38%)
25 (78%)
16 (50%)
6 (19%)
7 (22%)
24 (75%)
5 (16%)
1 (3%)
7 (22%)
11 (19%)
SGS/ESLD, n%†
ESLD# extensive PVT, n%
SGS extensive PVT, n%
Neuroendocrine tumor, n%
Gardner syndrome, n%
Carcinoid tumor, n%

37 (18–62)
5 (31%)
8 (6–14)
9 (56%)
21 (17–31)
2 (12.5%)
0
15 (94%)
15 (94%)
0
4 (25%)
12 (75%)
2 (13%)
0
6 (38%)
4 (25%)
SGS, n%
Gardner syndrome, n%
Intestinal failure, n%
Intestinal dysmotility, n%

15 (47%)
8 (25%)
3 (9%)
4 (13%)
1 (3%)
1 (3%)

11 (68%)
2 (13%)
2 (13%)
1 (6%)

P value
0.0346*
0.1516
0.0009*
0.4738
0.0272*
0.6880
0.0047*
0.1709
0.0028*
0.0215*
0.8081
0.6306
0.7724
0.4749
0.2508
0.7422
<0.0001*

BMI, body mass index; CAD, coronary artery disease; DVT deep vein thrombosis; ESLD end-stage liver disease; MELD, model
for end-stage liver disease; MVTx, multivisceral transplant; PE, pulmonary embolism; PVT, portal vein thrombosis; RRT, renal
replacement therapy; SGS, short gut syndrome; TPN, total parenteral nutrition.
The values are presented as median (minimum and maximum) or as numbers (n) and percentages (%).
*P < 0.05 is statistically significant.
†One patient had partial PVT, One patient history of failed MVTx, 92 and one patients history of failed intestinal transplant.
#Viral hepatitis (3); Alcohol (1); Autoimmune hepatitis (1); Cryptogenic (1) and liver failure secondary to a modified MVTx (1)
and liver transplant (1).

Intraoperative thrombotic and hemorrhagic
complications
The incidence of intraoperative ICT/PE was 25% (8/32),
0% (0/10), and 0% (0/6) for MVTx, isolated intestine,
and
modified
MVTx,
respectively
(v2 = 7.2,
P = 0.0265). ICT/PE was associated with 50% (4/8)
intraoperative mortality. Preoperative PVT was statistically associated with ICT/PE [OR 8 (1.512–40.806);
v2 = 7.2, P = 0.0073]. Characteristics of these eight
patients and heparin treatment are shown in Table 2.
ICT/PE occurred during stages II and III of surgery.
Intracardiac clots were visualized initially in the right
heart in six of eight patients; left heart involvement
occurred later in three patients who died intraoperatively. After ICT/PE event resolved, EACA therapy was
given to four of eight ICT/PE patients for severe generalized bleeding; patient #6 received EACA therapy for
1128

DIC pattern prior to two ICT events. In the MVTx
group, cold ischemia time showed no statistical difference between patients with ICT/PE versus no ICT/PE:
510 (443–704) and 478 (282–680) min, respectively
(v2 = 1.8, P = 0.1843). There was no statistical difference in warm ischemia time between patients with ICT/
PE versus no ICT/PE: 33 (20–45) and 28 (16–53) min,
respectively (v2 = 1.4, P = 0.2395).
The median blood transfusion was significantly
higher for MVTx compared with modified MVTx/isolated intestine for all products [pRBC 22 (2–132) & 2
(0–14), v2 = 21, P < 0.0001; FFP 13 (0–105) & 0 (0–9)
v2 = 23, P < 0.0001, PLTS 3 (0–26) & 0 (0–1) v2 = 16,
P < 0.0001; CRYO 1 (0–20) & 0 (0–1) v2 = 16,
P < 0.0001, respectively]. The analysis of blood component requirements in MVTx group (n = 32) is presented in Table 3. Compared to subgroup without ICT/
PE, occurrence of ICT/PE was associated with an
Transplant International 2018; 31: 1125–1134
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53

55

68

53

57

60

46

60

1

2

3

4

5

6

7

8

Female/
Caucasian
Male/Caucasian

Female/
Caucasian
Female/
Caucasian
Male/Caucasian

Male/Afro
American

Male/Caucasian

Male/Caucasian

Sex/race

No

No

No

No

Yes

No

Yes

No

Redo

SGS/ESLD:
cryptogenic/PVT

SGS/ESLD: TPN

ESLD: hepatitis C/PVT

SGS/ESLD: TPN failed
small bowel transplant
SGS/ESLD: alcoholic

ESLD: hepatitis B/PVT

ESLD: liver transplant
graft failure/PVT

ESLD alcohol/PVT

Etiology

No

No

Yes

No

No

No

Yes

Yes

DVT
/PE

Protein S
deficiency
ATIII, protein C
and
S deficiency

ATIII, protein C
and
S deficiency

Normal

Not tested

Protein C
deficiency

Protein S
deficiency

Polycythemia
vera

Coagulation
disorders

58

44

11
13

118

37

132

28

97

78

pRBC,
units

27

7

7

32

20

27

MELD

DIC type A
Stage III
DIC type B
Stage III

DIC type C
Stage II/III
DIC type A
Stage II
DIC type A, B
Stage I/II

DIC type B
Stage II

DIC type C
Stage II

DIC type B, C
Stage I

DIC types
TEG stages

Stage III

Stage III

Stage I/II/III

Stage II

Stage II/III

Stage II

Stage II/III

Stage I

Stage III/right heart clot

Stage III/right heart clot

Stage III 92/1st right heart
clot
2nd right/left heart clot/
CPR

Stage II/right heart clot

#VVBP clotted
Stage II/right heart failure/
hemodynamic collapse/
increase CVP/CPR/left
heart clot/CPB
Stage II right heart clot
Stage III right heart failure/
hemodynamic collapse/left
heart clot/CPR
Stage II/hemodynamic
collapse/increase CVP/RV
mild dysfunction
Stage II/III right heart clot

ICT intraoperative stages/
location

Yes/Stage III
3000
units

Yes/Stage
II 2000 units
1st Yes/Stage
III 3000 units
2nd Yes/Stage
III 22 000
units
No

No

No

1st No/Stage II
2nd Yes/Stage
III 2000 units

#Yes/1000
units
Yes/Stage II
40 000 units

Heparin
Dose/stages

Alive
Alive

Stage III: 5 g 92
boluses
followed
by 1 g/h

Death
GVHD @
0.2 years
Death
intraoperative
Death MSOF @
1.8 years
Death
intraoperative

Death
intraoperative

Death
intraoperative

Death

None

Stage II: 0.25 g
Stage III: 0.3 g

Stage III: 0.3 g

Stage III: 1.5 g

Stage III: 2.5 g

None

None

EACA
Dose/stages

#Patient 1 had a tentative veno–veno bypass with failure because of clotting.

ATIII, antithrombin III; CPB, cardiopulmonary by-pass; CPR, cardiopulmonary resuscitation; CVP: central venous pressure; DIC, disseminated intravascular coagulation;
DVT, deep vein thrombosis; EACA, epsilon-aminocaproic acid; ESLD, end-stage liver disease; GVHD, graft-versus-host disease; ICT, intracardiac thrombosis; MELD, model
for end-stage liver; MSOF, multisystem organ failure; PE pulmonary embolism; disease; pRBC, packed red blood cells; PVT, portal vein thrombosis; SGS, short gut syndrome; TEG, thromboelastogram; TPN: total parenteral nutrition.

Age

No

Severe
hypotension
(mean <50
mmHg)/
massive
bleeding/
Epinephrine

Table 2. Intraoperative thrombotic events: patient data and clinical characteristics for visceral transplant that include the liver (MVTx).
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increase demand for all blood components; both overall
(pRBC: v2 = 20, P < 0.0001; FFP: v2 = 18, P < 0.0001;
PLTS:
v2 = 11,
P = 0.0009;
CRYO:
v2 = 13,
P = 0.0003), and for each surgical stage, Table 3.
The incidence of postreperfusion fibrinolysis was 56%
(18/32), 0% (0/10), and 0% (0/6) for MVTx, isolated
intestine, and modified MVTx, respectively (v2 = 14.4,
P = 0.0007), with a median LY30 of 51% (8.6–81.8).
Postreperfusion, EACA was administered in 28% (9/32)
of the patients, with a median dose of 1.25 g (0.25–15).
Occurrence of fibrinolysis was statistically associated
with an increase in blood product requirement
postreperfusion (pRBC: v2 = 28, P < 0.0001; FFP:
v2 = 29, P < 0.0001; PLTS: v2 = 23, P < 0.0001; CRYO:
v2 = 25, P < 0.0001).
Three distinct TEG patterns were observed in ICT/PE
group, see Fig. 2. TEG displaying a short r time
(<4 min), combined with fibrinolysis or flat-line TEG, in
the absence of heparin, was statistically associated with
ICT/PE (v2 = 42, P < 0.0001). In ICT/PE group, a median coagulation index of 2.3 (1.4–5.3) was calculated, with

median R time 2.9 min (2.5–3.9); K time 1.5 min (0.9–
2.2); maximum amplitude 51 mm (5.3–70.6) and alpha
angle 70° (21–77), LY30 17% (3.3–62.5).

Postoperative thrombotic and hemorrhagic
complications
After exclusion of the four perioperative deaths, the
overall incidence of postoperative venous thrombotic
complications up to 1 month in all visceral transplant
recipients was 25% (11/44); majority of which were
upper extremity DVT 91% (10/11), followed by PE 9%
(1/11). The incidence of postoperative thrombotic event
at 1 month was 25% (7/28), 30% (3/10), and 17% (1/6)
for MVTx, isolated intestine, and modified MVTx,
respectively (v2 = 0.43, P = 0.8069).
After exclusion of the four perioperative deaths, the
overall incidence of postoperative bleeding complications in visceral transplant was 14% (6/44) with two
major events secondary to aortic jump graft rupture
and four events secondary to coagulopathy. The

Table 3. Blood products administration in multivisceral transplant patients (n = 32): with and without intraoperative
thrombosis.
Intraoperative
thrombosis YES
n=8

pRBCs (units)

FFP (units)

Platelets (units)

Cryoprecipitate (units)

Overall
Stage I
Stage II
Stage III

68
9
12
38

43
6
7
27

7
0
2
4

6
0
1
5

(28–132)
(3–25)
(1–34)
(24–113)

(5–105)
(0–25)
(1–24)
(12–90)

(0–26)
(0–2)
(0–3)
(0–24)

(1–20)
(0–2)
(0–5)
(0–19)

Nonparametric

Z scores

P values

Z scores

P values

Z scores

P values

Z scores

P values

Stage III versus Stage I
Stage III versus Stage II
Stage II versus Stage I

3.212603
2.837654
0.421637

0.0013*
0.0045*
0.6733

2.629395
2.944922
0.000000

0.0086*
0.0032*
1.0000

2.919077
1.804025
2.663128

0.0035*
0.0712
0.0077*

2.919077
1.651055
2.208705

0.0035*
0.0987
0.0272*

Intraoperative
thrombosis NO
n = 24

pRBCs (units)

FFP (units)

Platelets (units)

Cryoprecipitate (units)

Overall
Stage I
Stage II
Stage III

11
2
4
5

7
0
2
5

2
0
0
1

1
0
0
1

(2–128)
(0–38)
(0–22)
(1–104)

(0–76)
(0–27)
(0–14)
(0–69)

(0–8)
(0–4)
(0–3)
(0–8)

(0–6)
(0–1)
(0–1)
(0–5)

Nonparametric

Z scores

P values

Z scores

P values

Z scores

P values

Z scores

P values

Stage III versus Stage I
Stage III versus Stage II
Stage II versus Stage I

2.209405
1.287111
1.114707

0.0271*
0.1981
0.2650

3.009927
2.542865
0.706486

0.0026*
0.0110*
0.4799

3.567722
3.383031
0.408475

0.0004*
0.0007*
0.6829

4.014713
3.738505
0.565456

<.0001*
0.0002*
0.5718

FFP, fresh frozen plasma; pRBC, packed red blood cells.
The values are presented as median (minimum and maximum) or as numbers (n) and percentages (%).
*P < 0.05 is statistically significant.
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Blood coagulation
outside the vessel

Blood coagulation
inside the vessel

Disseminated Intravascular Coagulation (DIC)-like qualities: Thrombelastogram (TEG) variant

Thrombosis

DIC type A
TEG: R time < 4 min
LY30 >3%; CI > 1

DIC type B
TEG: R time < 4 min
LY30 ≥ 7.5%; CI > 1

DIC type C
TEG (Kaolin/Heparinase)
Straight lines

Bleeding

Massive transfusion
with bleeding out of
proportion to surgical
injury

Hemodynamic
instability

Inotropic support

Figure 2 Disseminated intravascular coagulation-like qualities: thromboelastogram variant. CI, coagulation index; LY30 > 3%, TEG fibrinolysis
>3% reduction in amplitude 30 min after maximal amplitude; LY30 ≥ 7.5%, TEG fibrinolysis ≥7.5% reduction in amplitude 30 min after maximal amplitude.

incidence of postoperative bleeding complications at
1 month was 11% (3/28), 20% (2/10), and 17% (1/6)
for MVTx, isolated intestine, and modified MVTx,
respectively (v2 = 0.59, P = 0.7432).

Discussion
This study-striking incidence of 25% ICT/PE in MVTx
is significantly higher than the reported range of 0.36–
6.25% in patients undergoing OLT [9–11]. However,
intraoperative cardiac thromboembolic events during
OLT appear to be underreported, as a recent TEE study
reported incidence of 27% [12]. Of note, no ICT/PE
events were observed during isolated intestine, or
modified MVTx in the current study. Multivisceral
transplant entails many clinical factors that are associated with intraoperative ICT/PE, namely cirrhosis with
its unsteady coagulation balance, extensive surgical
dissection, potential for severe hemorrhage, and
Transplant International 2018; 31: 1125–1134
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portomesenteric vein thrombosis in many recipients.
Thus, from the clinical standpoint, it is not surprising
when more ICT/PE events occur with MVTx than with
OLT, isolated intestine transplant, or modified MVT.
Another large center is reporting similar issues, as well,
although without much details [5]. Routine use of TEE
and heightened awareness for ICT/PE during haemodynamic instability and hemorrhage have likely enabled us
to more precisely detect the occurrence of this complication.
Intraoperative and in-hospital mortality following
ICT/PE event in the present study were 50% (4/8), and
63% (5/8), respectively. Multiple cardiac clots were seen
in all patients with intraoperative mortality. ICT/PE was
also found to be highly lethal complication in a systematic review of 74 OLTs, with overall, and intraoperative
mortality rate of 68% and 55%, respectively [13]. A retrospective review of 495-OLT found 4% incidence of
intraoperative PE, associated with intraoperative, and
1131
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in-hospital mortality of 30%, and 45%, respectively
[14]. While extensive PVT was found to be a risk factor
for morbidity and mortality in our study, Vianna et al.
[4] reported no intraoperative thrombotic complications
in 25 patients with grade IV portomesenteric thrombosis. Preoperative hypercoagulability was not tested in
their study, nor was there routine usage of TEE; thus,
ICT/PE was most likely missed or underdiagnosed.
Detection of ICT/PE with intraoperative TEE warrants immediate and adequate heparinization [14–17].
Spontaneous resolution of ICT/PE was observed with
(patients #5&8) or without heparin administration (patients #3,4,7). Thrombolytic such as recombinant tissue
plasminogen activator (tPA) 2–4 mg remains secondline therapy reserved for patients with large clots, especially when accompanied by cardiovascular instability
[16–18]. None of our patients received tPA.
Hyperfibrinolysis (56%) was identified as pathological source of bleeding postreperfusion in MVTx.
The safety of antifibrinolytics remains unclear, as
they may trigger thrombosis, especially in the context of DIC [19]. Antifibrinolytics were a plausible
cause for ICT in several reports [20,21]. Occurrence
of two ICT events in Patient #6 shortly after less
than 500 mg EACA administration, in the absence
of pretreatment with heparin, strongly supports this
notion. In contrast, Patient #8 received heparin pretreatment and had a rapid and uneventful resolution
of DIC type B with a total dose of 15 g EACA. We
currently treat fibrinolysis associated with DIC-like

Heparin 30 units/kg
± 1000 units/h up to reperfusion
Goal TEG: Kaolin/Heparinase
R time Ratio > 2

pattern on TEG with antifibrinolytics, only after
effective pretreatment with heparin. Despite the efficacy of heparin in blocking extensive activation of
coagulation in DIC [22], indications for its use vary
significantly [19]. Based on the novel findings of
this study and results from our previous studies
[23,24], we developed and implemented a practical
intraoperative coagulation management algorithm,
see Fig. 3. The proposed algorithm aims at thrombosis prophylaxis combined with safe management
of fibrinolysis-induced hemorrhage, if indicated,
without triggering or worsening thrombosis. The
proposed algorithm was not employed at any point
during the study.
As our study reveals, PVT/cirrhosis is a primary risk
factor for intraoperative thrombohemorrhagic DIC-like
complications in MVTx, due to its unsteady pro- and
anticoagulation balance, extensive dissection, and potential for severe hemorrhage. An additional means to minimize bleeding during MVTx that we recently employed
is a pretransplant embolization of the superior mesenteric artery while preserving celiac trunk [25,26].
Concept of coagulopathy in DIC with simultaneous
“intravascular thrombosis” and “extravascular exsanguinations” is illustrated in Fig. 2 [27]. Diffuse, severe
hemorrhage, and haemodynamic instability, requiring
massive transfusion and vasopressors, preceded each
ICT/PE event in the present study. Others [9,14]
reported similar observations in OLT. We characterized
three distinct TEG patterns, types A, B and C, as stages

• Hypercoagulability/Portal vein thrombosis
• DIC-like pattern with Diffuse Hemorrhage

Epsilon Aminocaproic Acid
5g ± 1 g/h

• Oozing
• TEG: Fibrinolysis LY30 ≥7.5%

Cryoprecipitate/Platelets

• Oozing
• TEG: Angle < 47º
• TEG: Maximum amplitude < 54 mm

>30 min after reperfusion
Protamine 10–20 mg

•Oozing
•TEG: Kaolin/Heparinase R time Ratio > 2

Figure 3 Coagulation management algorithm for multivisceral transplant. DIC, disseminated intravascular coagulation; LY30 ≥ 7.5%, TEG
fibrinolysis ≥7.5% reduction in amplitude 30 min after maximal amplitude; TEG, thromboelastogram.
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in thrombotic–hemorrhagic DIC-like condition, as those
appear to be a predictor for development of ICT/PE in
present study. Previous case reports support the association of DIC-like TEG pattern with hypercoagulability in
OLT [9,14–16]. A flat line (type C) TEG may be erroneously attributed to hypocoagulability, while its in vivo
counterpart is actually a full-blown, hypercoagulable
DIC-like state with massive activation of fibrinolysis
[14].
Preoperative screen for hypercoagulability was available in 63% of the patients and consistently included
only some of the many conditions known to be associated with hypercoagulability. Of two patients diagnosed
with myeloproliferative disorders, one died with intraoperative PE (Patient #1) and the other one had PE on
day 12 post-transplant. Routine perioperative thromboprophylaxis was shown to effectively decrease thrombotic complications in patients with prothrombotic
conditions in simultaneous kidney–pancreas transplant
[28]. The high rate of pre- and post-transplant DVT/PE
(31% and 25%, respectively), found in this study, suggests that postoperative thromboprophylaxis is warranted.
This report is the first case-series of thrombohemorrhagic complications observed in visceral transplants.
The strength of this study is the continuous use of TEE
and TEG monitoring by allowing early identification of
thrombotic events and TEG patterns associated with
those complications. The small number of patients and
the retrospective nature of this single institution study
is a limitation. Further studies are needed to accurately
characterize the intraoperative thrombohemorrhagic
DIC-like state.

In conclusion, MVTx recipients with pretransplant
PVT appear to be at a higher risk of developing intraoperative life-threatening ICT/PE events associated with
DIC-like coagulopathy. In patients with preoperative
hypercoagulable risk factors, intra- and postoperative
thromboprophylaxis with heparin are warranted, as the
thrombotic risk outweighs the increased risk of bleeding.

Authorship
RY: designed research/study, analyzed data, and wrote the
manuscript. RY: designed research/study, collected data,
and wrote the manuscript. PE: designed research/study
and wrote the manuscript. SF: designed research/
study and wrote the manuscript. SV: designed research/
study and wrote the manuscript. AB: designed
research/study and wrote the manuscript. MV: designed
research/study and wrote the manuscript. DM:
designed research/study and wrote the manuscript. LJ:
designed research/study and wrote the manuscript. NG:
collected data. AD: wrote the manuscript. BT: designed
research/study and wrote the manuscript. VR: designed
research/study and wrote the manuscript. N-RR: collected
data, analyzed data, and wrote the manuscript.

Funding
The authors have declared no funding.

Conflict of interest
The authors of this manuscript have no conflict of
interests to disclose as described by the Transplant
International.

REFERENCES
1. Kubal CA, Mangus RS, Tector AJ.
Intestine and multivisceral transplantation: current status and future
directions. Curr Gastroenterol Rep 2015;
17: 427.
2. Meira Filho SP, Guardia BD, Evangelista
AS, et al. Intestinal and multivisceral
transplantation. Einstein (Sao Paulo)
2015; 13: 136.
3. Tzakis AG, Kato T, Levi DM, et al. 100
multivisceral transplants at a single
center. Ann Surg 2005; 242: 480;
discussion 491-483.
4. Vianna RM, Mangus RS, Kubal C,
Fridell JA, Beduschi T, Tector AJ.
Multivisceral transplantation for diffuse
Transplant International 2018; 31: 1125–1134
ª 2018 Steunstichting ESOT

portomesenteric thrombosis. Ann Surg
2012; 255: 1144.
5. Rutter CS, Amin I, Russell NK, et al.
Adult intestinal and multivisceral
transplantation: experience from a single
center in the United Kingdom.
Transplant Proc 2016; 48: 468.
6. Bakker CM, Metselaar HJ, Gomes MJ,
et al. Intravascular coagulation in liver
transplantation–is it present or not? A
comparison between orthotopic and
heterotopic
liver
transplantation.
Thromb Haemost 1993; 69: 25.
7. Harper PL, Luddington RJ, Jennings I,
et al. Coagulation changes following
hepatic revascularization during liver

transplantation. Transplantation 1989;
48: 603.
8. Porte RJ, Bontempo FA, Knot EA, Lewis
JH, Kang YG, Starzl TE. Systemic effects
of
tissue
plasminogen
activatorassociated fibrinolysis and its relation to
thrombin generation in orthotopic liver
transplantation. Transplantation 1989;
47: 978.
9. Gologorsky E, De Wolf AM, Scott V,
Aggarwal S, Dishart M, Kang Y.
Intracardiac thrombus formation and
pulmonary thromboembolism immediately after graft reperfusion in 7 patients
undergoing liver transplantation. Liver
Transpl 2001; 7: 783.
1133

Raveh et al.

10. Lerner AB, Sundar E, Mahmood F,
Sarge T, Hanto DW, Panzica PJ. Four
cases of cardiopulmonary thromboembolism during liver transplantation
without the use of antifibrinolytic
drugs. Anesth Analg 2005; 101: 1608.
11. Peiris P, Pai SL, Aniskevich S 3rd,
et al. Intracardiac thrombosis during
liver transplant: a 17-year singleinstitution study. Liver Transpl 2015;
21: 1280.
12. Shillcutt SK, Ringenberg KJ, Chacon MM,
et al. Liver transplantation: intraoperative
transesophageal echocardiography findings
and relationship to major postoperative
adverse cardiac events. J Cardiothorac Vasc
Anesth 2016; 30: 107.
13. Warnaar N, Molenaar IQ, Colquhoun
SD, et al. Intraoperative pulmonary
embolism and intracardiac thrombosis
complicating liver transplantation: a
systematic review. J Thromb Haemost
2008; 6: 297.
14. Sakai T, Matsusaki T, Dai F, et al.
Pulmonary thromboembolism during
adult liver transplantation: incidence,
clinical presentation, outcome, risk
factors, and diagnostic predictors. Br J
Anaesth 2012; 108: 469.
15. Planinsic RM, Nicolau-Raducu R,
Eghtesad B, Marcos A. Diagnosis and
treatment of intracardiac thrombosis
during orthotopic liver transplantation.
Anesth Analg 2004; 99: 353, table of
contents.
16. Protin C, Bezinover D, Kadry Z,
Verbeek T. Emergent management of

1134

17.

18.

19.

20.

21.

22.

intracardiac thrombosis during liver
transplantation. Case Rep Transplant
2016; 2016: 6268370.
Dalia AA, Khan H, Flores AS.
Intraoperative diagnosis of intracardiac
thrombus during orthotopic liver
transplantation with transesophageal
echocardiography: a case series and
literature review. Semin Cardiothorac
Vasc Anesth 2017; 21: 245.
Boone JD, Sherwani SS, Herborn JC,
Patel KM, De Wolf AM. The successful
use of low-dose recombinant tissue
plasminogen activator for treatment of
intracardiac/pulmonary
thrombosis
during liver transplantation. Anesth
Analg 2011; 112: 319.
Wada H, Matsumoto T, Yamashita Y.
Diagnosis
and
treatment
of
disseminated intravascular coagulation
(DIC) according to four DIC guidelines.
J Intensive Care 2014; 2: 15.
O’Connor CJ, Roozeboom D, Brown R,
Tuman KJ. Pulmonary thromboembolism
during liver transplantation: possible
association with antifibrinolytic drugs and
novel treatment options. Anesth Analg
2000; 91: 296.
Ramsay MA, Randall HB, Burton EC.
Intravascular thrombosis and thromboembolism during liver transplantation:
antifibrinolytic therapy implicated? Liver
Transpl 2004; 10: 310.
Pernerstorfer T, Hollenstein U, Hansen J,
et al. Heparin blunts endotoxin-induced
coagulation activation. Circulation 1999;
100: 2485.

23. Nicolau-Raducu R, Occhipinti E,
Marshall T, et al. Thromboprophylaxis
with heparin during orthotopic liver
transplantation: comparison of Hepcon
HMS Plus and anti-Xa assays for lowrange heparin. J Cardiothorac Vasc
Anesth 2017; 31: 575.
24. Nicolau-Raducu R, Ku TC, Ganier DR,
et al. Epsilon-aminocaproic acid has no
association with thromboembolic complications, renal failure, or mortality after
liver transplantation. J Cardiothorac Vasc
Anesth 2016; 30: 917.
25. Ceulemans LJ, Monbaliu D, De Roover A,
et al. Belgian multicenter experience with
intestinal transplantation. Transplant Int
2015; 28: 1362.
26. Ceulemans LJ, Jochmans I, Monbaliu D,
et al. Preoperative arterial embolization
facilitates multivisceral transplantation
for portomesenteric thrombosis. Brief
communication. Am J Transplant 2015;
15: 2963.
27. Gando S, Wada H, Thachil J, Scientific,
Standardization
Committee
on
DICotISoT, Haemostasis. Differentiating
disseminated intravascular coagulation
(DIC) with the fibrinolytic phenotype
from coagulopathy of trauma and acute
coagulopathy of trauma-shock (COT/
ACOTS). J Thromb Haemost 2013; 11:
826.
28. Wullstein C, Woeste G, Zapletal C, et al.
Prothrombotic disorders in uremic type-1
diabetics undergoing simultaneous pancreas and kidney transplantation. Transplantation 2003; 76: 1691.

Transplant International 2018; 31: 1125–1134
ª 2018 Steunstichting ESOT

