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ORIGINAL ARTICLE
Thromboelastographic change
s in liver and pancreatic cancer
surgery: hypercoagulability, hypocoagulability
or normocoagulability?
Lesley De Pietri, Roberto Montalti, Bruno Begliomini, Giulia Scaglioni, Giorgia Marconi, Alexia Reggiani,
Fabrizio Di Benedetto, Stefano Aiello, Alberto Pasetto, Gianluca Rompianesi and Giorgio E. Gerunda
Background and objective Despite clinical and laboratory
evidence of perioperative hypercoagulability, alterations in
haemostasis after potentially haemorrhagic oncologic surgery
are difficult to predict. This study aims to evaluate the entity,
the extent and the duration of perioperative coagulative
alterations following pancreas and liver oncologic surgery, by
the use of both routine tests and thromboelastogram
(TEG).
Methods Fifty-six patients undergoing liver (n¼38) and
pancreatic (n¼18) surgery were studied. The coagulation
profile was evaluated by platelet count, prothrombin time-
international normalized ratio, activated partial thromboplastin
time, antithrombin III and TEG at the beginning, at the end of the
operation and on postoperative days 1, 3, 5 and 10.
Results All preoperative coagulative screening and TEG traces
were normal before incision. In the postoperative period of the
liver and pancreas groups, despite an increase in prothrombin
time-international normalized ratio, a reduction in antithrombin III
and platelet count and normal activated partial thromboplastin
time and fibrinogen, TEG evidenced a normocoagulability in the
liver group, with a major tendency towards hypocoagulability in
the pancreas group, as evidenced by a transient increase in
ight © European Society of Anaesthesiology. Una
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R-time and K-time between postoperative days 1 and 3. During
the study period, four cases of pulmonary embolism, resolved with
heparin infusion, were recorded, in the absence of laboratory and
thromboelastographic evidence of hypercoagulability.
Conclusion Despite laboratory tests evidencing
hypocoagulability in both groups, TEG traces showed a
normocoagulability in liver resections, whereas a transient
thromboelastographic hypocoagulability was evident in patients
undergoing pancreas surgery. The discrepancy between
laboratory values and thromboelastographic variables was even
more evident in patients undergoing major liver resections
compared with minor ones. Our study supports the role of
thromboelastography, despite its limitations, as a valuable tool
for the evaluation of the perioperative whole coagulation
process and hypercoagulability changes and to increase patient
safety through better management of antithrombotic therapy.
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Introduction
Postoperative thrombotic complications, including deep

vein thrombosis or pulmonary embolism, may be the

clinical evidence of hypercoagulability.1 Major surgical

procedures can induce a postoperative hypercoagulable

state (also related to cancer disease) by increasing platelet

activation, impairing fibrinolysis and reducing the con-

centration of anticoagulants (antithrombin III, ATIII).2,3

This acquired postoperative prothrombotic condition is

often not diagnosed by standard laboratory tests such as

prothrombin time (PT) and activated partial thrombo-

plastin time (aPTT), which cannot identify a specific

factor deficiency. The accuracy of these tests is limited

because of the addition of buffers, and they, therefore,

remain poor assays for dynamic assessment of clot

strength in whole blood. Thromboelastography, allowing
in-vitro analysis of the interactive dynamic coagulation

processes, from initial clotting cascade and platelet inter-

action to clot strengthening and fibrinolysis, has been

successfully used to detect hypercoagulable states, offer-

ing a valid alternative to standard laboratory tests.4,5

Haemostatic balance after liver resection or pancreatic

surgery can change in an unpredictable way, and haemo-

static changes after pancreatic surgery have not been

evaluated in depth in the literature. The only published

results describe postoperative hypercoagulability follow-

ing major abdominal surgery, and hypercoagulation or

early consumption of haemostatic factors during pancrea-

tic transplant or following pancreatitis.6–8 Removal of a

considerable hepatic mass during liver resection impairs

hepatic synthesis of clotting factors. Vascular clamping

and severe haemorrhage can result in a hypocoagulable

state. On the other hand, hypercoagulability can result

from diminished hepatic synthesis of anticoagulants,

extensive tissue trauma, hyperergic acute phase

response, blood loss and haemodiluition.9–13 We planned

this study to describe the perioperative coagulation

changes recorded by routine coagulation tests and throm-

boelastogram (TEG) in patients undergoing liver and
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pancreatic surgery. We also compared the routine labora-

tory coagulation data with values obtained by computer

analysis of TEG tracings in order to find a correlation

between the two methods of analysis.

Patients and methods
After ethics committee approval and informed consent,

59 consecutive patients scheduled for liver and pancreatic

surgery under general anaesthesia were evaluated for this

study (Table 1). Preexisting coagulation disorders, pre-

operative anticoagulation and use of nonsteroidal antiin-

flammatory drugs or aspirin 1 week before surgery were

exclusion criteria. Preoperative coagulation screening

included prothrombin time-international normalized

ratio (PT-INR), aPTT, fibrinogen, ATIII and D-dimer

levels. Protein C and S levels, factor V Leiden mutation

and lupus anticoagulant antibodies were also measured

for those patients who declared an inherited coagulation

disorder or some coagulation problem in their medical

history. According to this protocol, one patient was

excluded because of chronic anticoagulation and two

patients because of chronic use of preoperative aspirin.

Therefore, 56 patients out of 59 were suitable to be

enrolled in the study. Ten (17.9%) patients underwent

minor liver resections (unisegmentectomies and biseg-

mentectomies, nonanatomical resections), 28 (50%)

patients had major resections of three or more segments

and 18 (32.1%) patients underwent pancreatic surgery

(Table 1). Data were collected prospectively from Jan-

uary 2007 to September 2008. Laboratory screening in all

patients included haematocrit (Hct; normal range: 35–
right © European Society of Anaesthesiology. U

Table 1 Clinical characteristics of patients

Sex (F/M) 19 (33.9%)/37 (66%)

Male 37 (66%)
Female 19 (33.9%)
Age (years) 62.6�14.3
Surgical indications

Colon cancer metastasis 17 (30.3%)
Hepatocellular carcinoma (HCC) 10 (17.9%)
Mammarian metastasis 5 (8.9%)
Colangiocarcinoma 6 (10.7%)
Pancreatic head cancer 11 (19.6%)
Pancreatic tail cancer 6 (10.7%)
Papilla di Vater cancer 1 (1.8%)

Surgical procedure
Major liver resection 28 (50%)
Minor liver resection 10 (17.9%)
Pancreatectomy 18 (32.1%)

Surgical operations
Right hepatectomy 21 (37.5%)
Left hepatectomy 6 (10.7%)
Bisegmentectomies 7 (12.5%)
Segmentectomies 4 (7.1%)
DCP 11 (19.6%)
TP 7 (12.5%)

Length of surgery
Liver group (min) 376.1�124
Pancreas group (min) 443.2�78.5

Total amount of fluids administered
Liver group (ml) 4227�2354
Pancreas group (ml) 5366�2712

DCP, duodenocephalopancreatectomy; TP, total pancreatectomy.
47%), haemoglobin (Hb; normal range: 13.5–17.5 g dl�1),

red blood cell count (RBC; normal range: 4–

5.20� 106 ml�1), white blood cell count (WBC; normal

range: 4.30–10.80� 103 ml�1), platelet count (PLT; nor-

mal range: 150–400� 103 ml�1), PT-INR (normal range:

0.84–1.25), aPTT (normal range: 0.82–1.24), fibrinogen

(normal range: 200–400 mg dl�1), ATIII (80–120%) and

TEG (Haemoscope Corp., Skokie, Illinois, USA) traces.

Laboratory tests and thromboelastographic tracings were

performed at the same time after induction of anaesthesia

(postinduction), at the end of surgery (EOS), and on the

first, third, fifth and tenth postoperative day (POD). To

obtain TEG tracings, 360 ml of blood was transferred

from a 3 ml arterial sample into a disposable cup on

the thromboelastograph coagulation analyser and the

temperature setting was adjusted for the patient’s

temperature. Clot formation was triggered by contact

activation. Cups containing heparinase were used from

POD 1 to antagonize heparin effects resulting from the

heparinized normal saline used to flush the indwelling

central venous catheter. TEG variables analysed were

reaction time (R-time; normal range: 12–26 min), clot

formation time (K-time; normal range: 3–13 min), a-

angle (normal range: 14–468) and maximum amplitude

(normal range: 42–63 mm). The normal ranges for each of

these values, corresponding to native whole blood

samples, were obtained from the Haemoscope Corpor-

ation. The hypercoagulable state was defined as the

presence of at least two of the following: shortened

R-time and/or K-time, increased a-angle and increased

maximum amplitude.5,14 Standard routine surgical and

anaesthetic care procedures were adopted. Thrombopro-

phylaxis included lower extremity sequential pneumatic

compression, during the surgical procedure and until

postoperative mobilization, and a daily injection of dal-

teparin or enoxaparin, 5000 UI, starting the evening after

surgery, according to American College of Chest Phys-

icians Guidelines (8th edition).15 According to our surgi-

cal department policy, low molecular weight heparin

(LMWH) was not administered the evening after surgery

when the first postoperative laboratory data showed INR

more than 1.5, PLT count less than 70 103 dl�1 and/or in

patients who received packed RBCs during surgery.

Diazepam 0.1 mg kg�1 was given per os 1 h before induc-

tion of anaesthesia. Fluid infusion and haemodynamic

monitoring required a peripheral 14G catheter, a 20 cm

14G central venous catheter in the right internal jugular

vein, and a 20G catheter in the left radial artery. Crystal-

loids and hydroxyethyl starch (HES) with a low molecular

substitution ratio (Voluven 6% HES 130/0.4 in 0.9%

sodium chloride injection) were infused. At the place-

ment of the epidural catheter, a preload of 10 ml kg�1

Ringer’s lactate was infused; after incision, a fluid

protocol of 8 ml kg�1 per hour of Ringer’s lactate was

followed both during liver resection and during

pancreatic surgery. A thoracic epidural catheter (T9–

T10; T10–T11) was inserted before induction in 49
nauthorized reproduction of this article is prohibited.
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patients. Intraoperative hypothermia was prevented by

forced air surface warming (Bair Hugger) and by warm

fluids (H-275 or H-1000, Level 1 Technologies). An

oesophageal temperature probe monitored core tempera-

ture in all patients. Haemonetics Cell-Saver 5 was always

available. Patients were taken to the ICU for overnight

observation or returned to the ward according to their

preoperative condition, extent of liver resection and

intraoperative events (major bleeding, cardiovascular

imbalance and respiratory dysfunction).

Statistical analysis
All values are expressed as mean�SD. Differences

between preoperative coagulation tests and TEG indexes

and follow-up values were evaluated by paired t-test. To

calculate differences between continuous data among

independent groups, the t-test for independent samples

was used. The correlations between fibrinogen and maxi-

mum amplitude, PLT count and a, INR and R, and INR

and K were determined by simple linear regression

analysis. Correlations between continuous data were ana-

lysed by bivariate correlation procedure, computing Pear-

son’s correlation coefficient with their significance level.

All P values of less than 0.05 were considered to indicate

statistical significance. Statistical analysis was performed

by SPSS for Windows version 15.0.

Results
All preoperative laboratory values and TEG tracings were

within normal ranges. Core temperature at the EOS was

35.88C� 0.5 (range 35–36.4). All patients were mobilized

2.2� 1.4 days after surgery. Fifty units of packed RBCs

were transfused during the entire study in 21 patients

(Fig. 1). Eight patients out of 18 (44%) undergoing

pancreatic surgery received a mean of 2.25 units per

patient (range 2–4 units) and 13 patients out of 38

(34.2%) undergoing liver surgery received a mean of
ight © European Society of Anaesthesiology. Una
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0.81 units per patient (range 2–4 units). In particular,

two patients undergoing minor liver resection and 11

patients undergoing major liver resection were trans-

fused, respectively, with a total amount of 4 units and

27 units. The mean Hct value in all patients in the study

was 35.3� 5.0% and no statistically significant differ-

ences among the studied groups were registered. No

PLTs, fresh frozen plasma or coagulation factors were

used during the perioperative period. LMWH was not

administered to 14 (25%) patients the evening after the

surgical procedure. The mean length of surgery was

376.1� 124 and 443.2� 78.5 min in the liver and pancreas

groups, respectively (P¼ 0.04). The total amount of fluids

administered in these two groups was similar (P¼ 0.11,

Table 1). Five patients had surgical complications after

POD 10, but no postoperative bleeding requiring trans-

fusion was observed. As shown in Fig. 2, a gradual

increase in the mean value of INR was observed until

POD 1 in both the liver and pancreas groups, followed by

a gradual return to normal values by POD 5. The com-

parison of INR between the two groups showed consist-

ently higher values in the liver group, mainly on POD 3

(1.28� 0.24 vs. 1.12� 0.17, P< 0.05). aPTT values were

within the normal range throughout the study, and pat-

terns of changes were similar in both groups. aPTT was

significantly higher in the pancreas group on POD 1

(1.25� 0.21 vs. 1.14� 0.15, P< 0.05). Fibrinogen levels

were normal in both groups until POD 1 (Fig. 1), then

they increased and the highest values were observed on

POD 3 in both groups (liver: 524� 166 mg dl�1; pancreas:

613� 132 mg dl�1, P< 0.001 in comparison with the pre-

induction value). After POD 5, fibrinogen values

remained above the normal range in both groups. PLT

values (Fig. 2) were normal in both groups, but were also

higher in the pancreas group on POD 3 (182� 71 vs.

143� 56� 103 dl�1, P< 0.042), on POD 5 (241� 88 vs.

166� 62� 103 dl�1, P< 0.001) and on POD 10 (355� 142

vs. 223� 108� 103 dl�1, P< 0.001). ATIII levels showed

a significant sharp decrease at EOS in both groups (liver

group: 62� 17%, pancreas group 64� 15%, P< 0.001 in

comparison with the value before induction of anaesthe-

sia), followed by a persistent reduction in the liver group

and by a progressive slight increase until POD 10 in the

pancreas group (Fig. 2).

Thromboelastography variables remained consistently

within the range of normality in the liver group

(Fig. 3). R-time and K-time increased from the EOS

until POD 3 in the pancreas group and then decreased

until POD 5. a-Angle remained within the normal range

in the pancreas group until POD 10 (a 42.8� 23),

whereas maximum amplitude values (63.9� 9) were

above the reference limits on POD 5. In both groups,

strong correlations between fibrinogen and maximum

amplitude, PLTs and maximum amplitude, INR and

R-time, and PLTs and a-angle were observed in every

sample (Table 2).
uthorized reproduction of this article is prohibited.
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Perioperative change in laboratory variables (international normalized ratio, antithrombin III, fibrinogen, platelet count) in the liver group and the
pancreas group. Data are expressed as mean and limits of normality are shown. �P<0.05 between the two groups. 8P<0.05 vs. PI in the liver
group. §P<0.05 vs. PI in the pancreas group. ATIII, antithrombin III; EOS, end of surgery; INR, international normalized ratio; PI, postinduction; PLT,
platelet count; POD, postoperative day.
Patients who had major liver resections also had an INR

value suggesting hypocoagulability (P< 0.01, in all

samples excluding postinduction, compared with

patients who had minor liver resections; Fig. 3). aPTT

values were normal in both groups (minor and major

resections), but longer times were observed in surgical

procedures for major liver resections. Fibrinogen

decreased at EOS and increased from POD 1 to POD
right © European Society of Anaesthesiology. U
3. At this time and on POD 5, fibrinogen values were

higher in minor liver resections than in major ones

(P< 0.05; Fig. 4). PLT counts were higher in the major

liver resection group in the postinduction period and

progressively decreased until POD 3 (Fig. 4). ATIII

levels showed a significant sharp decrease at EOS in

both groups (major resection group: 64� 20.4%; minor

resection group 56� 18.3%, P< 0.001 in comparison with
nauthorized reproduction of this article is prohibited.
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Fig. 3
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Perioperative evolution of thromboelastogram variables (R-time, K-time, a-angle, maximum amplitude) in the liver group and the pancreas group. Data
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basal in the pancreas group. EOS, end of surgery; PI, postinduction; POD, postoperative day; TEG, thromboelastogram.

Table 2 Correlations between variables in the liver and pancreas
groups

Liver group Pancreas group

r2 P r2 P

INR-R 0.04 0.003 0.023 0.16
INR-K 0.012 0.16 0.011 0.334
PLT-a 0.038 0.009 0.051 0.034
PLT-MA 0.166 <0.001 0.249 <0.001
Fibrinogen-MA 0.433 <0.001 0.21 <0.001

INR, international normalized ratio; MA, maximum amplitude; PLT, platelet count.
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the value before induction of anaesthesia), followed by a

persistent increase in the minor resection group until

POD 10, whereas in the major resection group ATIII

value progressively decreased until POD 10 (Fig. 4).

The thromboelastographic tracings of patients who had

liver surgery remained within the normal range through-

out the study (Fig. 5). R-time and K-time were closer to

the lower reference limits in patients undergoing major

liver resection on POD 1 (R: 14.6� 6 vs. 25.8� 11 min,

P< 0.001 and K: 5� 2 vs. 9.5� 5.4 min, P< 0.001, major
uthorized reproduction of this article is prohibited.
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Fig. 4
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PI, postinduction; PLT, platelet count; POD, postoperative day.
resections vs. minor resections). a-Angle values increased

in both resection groups until POD 1 (Fig. 5). The

highest values were observed in the group of major

resections (41.8� 13.8 on POD 1 vs. 28.9� 8.8 on post-

induction; P< 0.05). a-Angle values were higher on POD

5 in the minor resection group (38.2� 18 on POD 5 vs.

33.8� 19.6 on POD 1; P< 0.05). Maximum amplitude

showed a quite similar behaviour, characterized by a

sharp increase in both groups from EOS to POD 3.

Thereafter, higher values were recorded in the group
right © European Society of Anaesthesiology. U
of minor liver resections. Four patients out of 14, who did

not receive LMWH the evening of surgery (two had a

right hepatectomy and two a duodenocephalopancrea-

tectomy, DCP) showed clinical signs of pulmonary embo-

lism, diagnosed by spiral computed tomography (CT)

showing lobar or segmental defects on POD 3 or POD 4.

In contrast, we did not record any case of pulmonary

embolism among the 42 patients who received LMWH

from the evening of surgery (P¼ 0.03). Heparin intra-

venous treatment started after diagnosis in all these
nauthorized reproduction of this article is prohibited.
European Journal of Anaesthesiology 2010, Vol 27 No 7



Copyr

614 De Pietri et al.

Fig. 5
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§P<0.05 vs. basal in the minor liver resection group. EOS, end of surgery; PI, postinduction; POD, postoperative day; TEG, thromboelastogram.
patients, but two of them also required 1 day of mech-

anical ventilation. The pulmonary thromboembolism

resolved within POD 14 in all patients. The thrombo-

elastographic tracings and laboratory values of the

patients who had pulmonary embolism were normal up

to this event, with the exception of INR values

(1.41� 1.18), which exceeded the upper limit in patients

with or without thromboembolic complication. After the

occurrence of thromboembolic episodes, no laboratory
ight © European Society of Anaesthesiology. Una
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values or thromboelastographic tracings were included in

data analysis because of heparin infusion.

Discussion
Although several studies3,9,16 have shown substantial

hypercoagulability lasting for several days after major

abdominal surgery, clinical evidence of this condition

has been incompletely evaluated by standard labora-

tory tests in oncologic liver and pancreatic surgery.
uthorized reproduction of this article is prohibited.
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Coagulation changes after hemihepatectomy in living

donors and nonmalignant hepatic tumour resection show

a marked tendency to hypercoagulability, probably due

to the impaired hepatic synthesis of anticoagulants

(prothrombin, protein C) and reduced clearance of acti-

vated clotting factors (factor VIII or von Willebrand’s

factor, fibrinogen).9–12 Bezeaud et al.9 declared that the

decrease in coagulation inhibitors, protein C and anti-

thrombin, persisted longer than PT and fibrinogen

deficiencies, suggesting that, after liver resection, the

balance rapidly favours procoagulant rather than anti-

coagulant mechanisms.

In the present study, we evaluated the coagulation beha-

viour of patients undergoing major and minor liver resec-

tions and pancreatic surgery for cancer in order to better

understand the coagulation changes induced by surgery.

We chose these surgical procedures because of their long

duration, the effects on coagulation and the additional

risk factor represented by cancer. We observed an early

increase in INR and aPTT as well as a reduction in PLTs,

fibrinogen and ATIII after surgery in all the patients

studied. The preoperative values were progressively

reached in the postoperative period, as previously

reported by other authors.9,10 In agreement with the

results of Cerutti et al.,10 our laboratory data mainly

related to liver surgery showed hypocoagulability,

whereas the thromboelastographic tracings outlined nor-

mocoagulability. Allowing analysis of the interactive

dynamic coagulation processes, TEG has been success-

fully used in clinical settings to reveal hypercoagulable

states related to surgical procedures5,17 offering a good

alternative to most clotting assays (e.g. PT, INR, aPTT),

which cannot identify a specific factor deficiency but only

a particular pathway. The PT and aPTT tests have, in

fact, proved to be limited in their ability to simulate the

dynamics of clot formation. Of course, thromboelastogra-

phy is an in-vitro analysis that can take place far away

from the bedside, but the advantage that TEG offers in

providing a comprehensive functional evaluation of over-

all coagulation status, rapidly at the bedside,18 has

allowed it to gain more importance in everyday clinical

practice. TEG has been successfully used in clinical

settings to reveal hypercoagulable states related to sur-

gical procedures,5 to predict thromboembolic events,19 to

clinically manage haemostasis20 and to guide transfusion

therapy.21

As observed by Mahla et al.,5 we found an early decrease

in the R-time and in the K-time in the liver group and an

increase in clot strength, revealed by a continuous post-

operative increase in maximum amplitude, in both the

liver and pancreatic groups. The pattern of maximum

amplitude changes was similar to the fibrinogen pattern,

in both the liver and the pancreas groups, and both

peaked on POD 3, as described in previously published

studies.3,5 The discrepancy between laboratory values

and thromboelastographic variables is even more evident
right © European Society of Anaesthesiology. U
in patients undergoing major liver resections. In the

major liver resection group, laboratory tests detected a

coagulation impairment, with prolongation of INR and

aPTT, from the EOS to POD 1, and a PLT and fibrino-

gen reduction, respectively, at the EOS and on POD 3,

which was not confirmed by thromboelastographic tra-

cings. R-time and K-time remained within the range of

normality after major and minor liver resections, even if

shorter in major resections on POD 1 (P< 0.001). This

discrepancy can be explained by the greater release of

factor VIII or von Willebrand’s factor from the cut liver

parenchyma after major resections than after minor liver

resections. These factors, as described by several

authors,9–12 are responsible for the activation of the

coagulation cascade which, being an interactive dynamic

process, can be detected by TEG but not by the usual

laboratory tests. Cerutti et al.10 described a hypercoagul-

ability state in patients undergoing major liver resections,

whereas we observed normal coagulation on thromboe-

lastography. A possible explanation can be that different

patients were enrolled in the study by Cerutti et al.10 All

these patients were healthy donors with a healthy liver

and a normal coagulation profile, whereas our investi-

gation was performed in patients with a possible liver

function impairment because of neoadjuvant chemother-

apy or primary liver disease (e.g. postnecrotic hepatopa-

thy).

In contrast to patients who had liver resections, the TEG

of patients undergoing pancreatic surgery showed hypo-

coagulability (longer R-time and K-time from POD 1 to

POD 3, higher values of INR, aPTT and decreased

fibrinogen values from EOS to POD 1 and POD 3). This

fact could be related to a nonspecific response to injury

(surgery) and to an acute pancreatitis-like reaction. The

release of trypsin and other pancreatic enzymes may play

a role in the pathogenesis of coagulopathies.6,22 The

hypocoagulable profile observed in patients undergoing

pancreatic surgery, apparently limited to POD 1 and

POD 3, could be explained by an early intravascular

consumption of coagulation factors related to circulating

pancreatic enzymes, particularly trypsin.6

The thromboelastographic results we obtained were

probably not influenced by fluids or Hct variations.

The choice to administer HES with a low molecular

substitution ratio within the advised range (<50 ml kg�1

of body weight per day) should reduce or exclude an

effect of HES on thromboelastographic variables.23,24

The administration of the same intraoperative fluid pro-

tocol in both surgical groups and the similar total amounts

of fluids administered should have reduced the role of

haemodilution in differing TEG results between hepatic

and pancreatic surgery.25,26 In a similar way, it is difficult to

presuppose an important effect of Hct on TEG variables as

the mean Hct value registered in all the patients at any

time of observation was 35.3� 5.0% and only in 8.5% of

patients was it under 30%.27
nauthorized reproduction of this article is prohibited.
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Two patients who had pancreatectomy and two patients

who had major liver resections had nonfatal pulmonary

embolism between POD 3 and POD 4 without any TEG

suggestion of abnormal activation of coagulation. The

TEG may have missed the changes that led to throm-

boembolic events because of possible inappropriate tim-

ing schedule of blood samplings (too long intervals

between tracings) or because of an inherent weakness

of this monitoring approach (which cannot detect regional

coagulative abnormalities and local thromboembolic pro-

cesses). The thromboprophylaxis we applied did not

prevent the thromboembolic events, suggesting a revi-

sion of our departmental policy. The absence of post-

operative bleeding even after the administration of

thromboprophylaxis from the evening of surgery together

with the higher incidence of thromboembolic events in

patients who did not receive it recommends the admin-

istration of LMWH together with mechanical methods of

prophylaxis from the day before the operation and/or the

evening of the operation itself without withholding it on

the basis of laboratory data.

In conclusion, although laboratory tests point to hypo-

coagulability in the pancreas and liver surgical groups,

TEG tracings revealed normal coagulation after liver

resections, whereas a transient hypocoagulability was

observed on TEG in patients undergoing pancreatic

surgery. The discrepancy between laboratory values

and thromboelastographic variables was even more evi-

dent in patients undergoing major liver resections com-

pared with minor ones. Our study supports the role of

thromboelastography, despite its limitations, as a valu-

able tool for the evaluation of the perioperative whole

coagulation process and hypercoagulability changes and

to increase patient safety through better management of

antithrombotic therapy.
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