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The blood coagulation status of 16 patients undergoing liver resection was
monitored by thrombelastograph (TEG). Coagulation test by TEG was performed
at three different times: before and one hour after induction of anesthesia and after
liver resection. The four variables such as r (reaction time), k (coagulation veloc-
ity), ma (maximum amplitude) and me {maximum elasticity) were measured. In
8 patients, Ulinastatin was not administered during the operation and FFP was
transfused after the second measurement of TEG (group I). The other 8 patients
were administered totally 300,000 units of Ulinastatin after induction until the
second measurement of TEG, thereafter FFP was transfused (group II). The TEG
showed poor preoperative coagulation state in both groups. In group I, TEG vari-

- ables showed coagulopathy was exacerbated significantly during liver resection. In
group II TEG variables showed no significant changes during operation. Between
the two groups there were statistical differences in the TEG variables during the
operation. The TEG was useful for monitoring coagulation function during liver
resection. It was impossible to improve TEG data by only replacement of FFP.
Ulinastatin was useful in normalizing the coagulation function and in prevent-
ing the changes in TEG measurements during liver resection. (Key words: liver
resection, TEG, Ulinastatin)

(Okida M, Masako O, Maruya H, et al.: Intraoperative changes in blood
coagulation and the effectiveness of Ulinastatin during liver resection. J Anesth

5: 43-47, 1991)

At our hospital liver resection was con-
ducted on about 200 cases of hepatoma
during the last five years!=3, and it is now
recognized as a major means of therapy for
patients with hepatocellular carcinoma. The
management of blood loss and coagulation
state during liver resection is still a major
concern®. The liver produces most of the
blood coagulation factors, so we encounter
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the lowered value of coagulation factors and
prolonged prothrombin time (PT) and acti-
vated partial thromboplastin time (aPTT) in
most of the patients receiving hepatectomy.
We have frequently seen thrombocytopenia
due to splenomegaly®. In addition numer-
ous collateral channels and capillary fragility
make surgical hemostasis very difficult?.

In addition, there was the difficulty in
monitoring the coagulation system and de-
termining the appropriate treatment during
liver resection. However, recently the use of
thrombelastograph (TEG) is suggested, and
the efficacy of thrombelastographic monitor-
ing of blood coagulation during liver trans-
plantation has been reported*®.

The purpose of our study is to investigate
the changes in blood coagulation function
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Fig. 1. Variables and normal values mea-
sured by thrombelastography.

Abbreviations: r-reaction time, 9-14 min; k-
coagulation velocity, 5-7.5 min; ma-maximum
apmlitude, 50-70 mm; me-maximum elasticity,
85-120%.

by TEG during liver resection and the role
of Ulinastastin, which is a human urinary
trypsin inhibitor and has inhibitory activity
on various enzymes’ %, during liver resec-
tion by TEG.

Methods

I  Sampling method and laboratory tech-
niques
Patients undergoing liver resection be-
tween January 1989 and July 1989 were
observed for this study. All patients had
two indwelling 8.5 French catheters inserted
for volume infusion, one in an antecubital
vein and another in an internal or an exter-
nal jugular vein, and an indwelling catheter
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was placed in a radial artery to monitor
the direct blood pressure. Blood samples
(10 ml each) were obtained at about one
hour intervals. Coagulation test by TEG was
performed at three different times: before
and one hour after induction of anesthe-
sia and after liver resection. At the same
time white blood cell count, red blood cell
count, Hb, Ht, platelet count and blood gas
analysis were performed. Whole blood (1.0
ml) was injected in the Thrombelastograph
D (Hellinge Company, Freiburg, Germany).
The real time from sampling of the blood to
starting of the record was measured. TEG
is shown schematically in figure 1. The fol-
lowing variables were measured. (fig. 1): r
(reaction time, min); k (coagulation veloc-
ity, min); ma (maximum amplitude, mm);
me (maximum elasticity, %) me = (100 x
ma)/(100 — ma)

II Patients and method (table 1)

During 1989, subsegmental and segmental
resections of liver were carried out in 13 pa-
tients with hepatocellular carcinoma (HCC)
and liver cirrhosis; two other patients un-
derwent distal splenorenal shunt operations
and another one patient had a hepatic artery
cannulation. The diagnosis of hepatocellu-
lar carcinoma (HCC) and liver cirrhosis was
made histologically in all cases. In 8 patients,
Ulinastafin was not injected during the op-
eration and FFP was transfused after the

Table 1.
group I group II
cases 8 male 8 8 male?7
female 1
age 54.8 + 11.5 (38-74)  52.3 + 10.7 (31-66)
operation subsegmental 3
segmental 5 segmental 5
shunt ope 2
cannulation 1
operation time(h) 2.2 £ 0.6 3.3 1.2
anesthesia time(h) 3.8 0.6 45 + 1.3
fluid (ml-kg = -hr~?) 6.5 + 0.8 6.9 + 2.6
blood loss (ml) 537.5 + 351.4 610 * 425.0
(130-1100) (180-1450)
blood transfusion (ml) 502.5 £ 301.9 591.2 £ 149.1
FFP/blood loss (%) 97.9 *+ 57.8 119.9 + 86.9
urine volume (mlkg™!-hr™?) 1.3 £ 0.3 14 £ 11
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Table 2.
. . one hour after
before induction after induction liver resection
r (group I) 15.6 = 0.6 min 60.4 + 59.9 min 26.6 + 10.9 min*
NS NS ++
(group II) 14.9 = 7.4 min 17.7 = 9.0 min 13.4 + 4.9 min
k (group I) 13.2 * 11.4 min 94.5 + 75.6 min**  35.6 * 23.9 min*
NS ++ NS
(group II) 14.2 = 11.2 min 18.3 £ 12.9 min 15.2 £ 17.9 min
ma (group I) 37.2 = 6.3 mm 21.5 = 9.6 mm** 27.8 + 8.1 mm*
NS ++ +
(group II) 36.3 = 6.0 mm 35.0 £ 6.1 mm 39.2 = 8.6 mm
me (group I) 60.8 + 16.6% 32.8 = 16.0%** 40.3 * 16.4%*
NS ++ ++
(group II) 58.3 * 14.7% 55.4 * 14.5% 67.0 = 19.7%

values are mean * SD.

significantly different from the corresponding preoperative value

*¥(P < 0.01), *(P < 0.05).

significantly different between two groups

++(P < 0.01), +(P < 0.05).
NS no significant difference.

second measurement of TEG (group I). The
other group of 8 patients were administered
200,000 units of Ulinastatin after induction
of anesthesia and 100,000 units of Ulinas-
tatin which was continuously infused until
the second measurement of TEG, thereafter
FFP was transfused (group II).

Anesthesia was induced with bupurenor-
phine hydrochloride (5-6 mg-kg™'), thiopen-
tal (5 mgkg™!) and succinylcholine chlo-
ride (1 mg-kg™!). Anesthesia was maintained
with GO enflurane supplemented pancuro-
nium bromide. Acetated Ringer’s solution
containing 5% glucose was infused intra-
venously during the operation. Blood trans-
fusion was performed with packed red cell
blood and fresh frozen plasma (FFP).

The details of patients, anesthesia, fluids
and blood administrations are shown in table
1. There was no statistically significant dif-
ference between each of the items of the two
groups.

Statistical analysis was made with un-
paired Student’s t test, and a P value of less
than 0.05 was considered to be statistically
significant.

Results

The intraoperative changes in TEG vari-
ables are shown in table 2. Before induction
of anesthesia r and k were longer than the
normal values in both groups. Ma and me
were lower than the normal values in both
groups. In group I, k at one hour after
induction were significantly prolonged com-
pared with the value of k before induction
(P < 0.01). Moreover, ma and me at one
hour after induction decreased significantly
compared with the value of ma and me
before induction (P < 0.01). R and k af-
ter liver resection tended to improve, but
there was no statistical difference between
one hour after induction and after liver resec-
tion. In spite of improvement, r and k after
liver resection were significantly prolonged
compared with the value of r and k before in-
duction (P < 0.05). Ma and me also tended
to improve and increase, but there was no
statistical difference between one hour af-
ter induction and after liver resection. But
ma and me after liver resection decreased
significantly compared with the value of ma
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and me before induction (P < 0.05). In
group II there was no statistical difference
through the operation in the each value of
r, k, ma or me. When we compared group
I with group II, there was no statistical
difference in r, k, ma or me before induc-
tion between the two groups. However, at
one hour after induction k was significantly
shortened and ma and me increased signif-
icantly in group II compared with group I
(P < 0.01). After liver resection in group II
r was significantly shortened (P < 0.01) and
ma increased significantly (P < 0.05), and
me also increased significantly (P < 0.01)
compared with group L.

Discussion

Our results demonstrated the poor preop-
erative coagulation status: prolonged r and
k and decreased ma and me, which reflect
the decreased function of coagulation fac-
tors, including fibrinogen and platelet. These
findings may result from pathophysiologic
changes in liver cirrhosis, because hepatocel-
lular carcinoma (HCC) complicates liver cir-
rhosis in nearly all cases which disrupts the
synthesis of the blood coagulation factors.
After starting the operation the coagulation
function was significantly aggravated. This
was clearly demonstrated by the TEG mea-
surements: the significantly prolonged r and
k and the decreased ma and me. These find-
ings, which are in agreement with reports by
Groth et al.!! may result from release of tis-
sue thromboplastin into the circulating blood
by surgical stress, which induced hypercoag-
ulation and aggravated consumption of coag-
ulation factors. Groth et al.!’ suggested that
loss and decrease of hepatic clearance func-
tion of activated coagulaltion factors due to
the malfunction of RES in liver played a ma-
jor role in localized or disseminated intravas-
cular coagulation. The changes in the TEG
at one hour after starting the operation sug-
gested the possibility of a provocative state
which triggers the disseminated intravascular
coagulation or consumption coagulopathy.

After liver resection, all of the mean val-
ues of r, k, ma and me improved, but was
not significant compared with the value at
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one hour after induction. These results in-
dicate that, although the coagulopathy is
slightly improved by FFP; replacement ther-
apy by only FFP could not completely im-
prove the coagulopathy -after starting the
operation. During liver resection nearly 30-
40% of blood loss is usually replaced by FFP
in our hospital, but it is in question now how
much replacement by FFP is appropriate.
In this study we replaced nearly the same
volume of blood lost with FFP, but we have
found that it is difficult to improve TEG
measurements by replacement of only FFP.

Our results clearly demonstrated that ag-
gravation of TEG measurements during liver
resection, shown as prolonged r and k and
decreased ma and me, was significantly im-
proved by Ulinastatin. Therefore Ulinastatin
was found to be quite useful in normalizing
the coagulation function and in preventing
changes in the TEG measurements during
liver resection.

Inaba!? reported Ulinastatin signifi-
cantly improved the TEG measurements in
endotoxin-induced DIC in rabbits. He sug-
gested that Ulinastatin might prevent DIC
in vivo and in vitro through the inhibition
of Factor XII activity and through the pre-
vention of thromboplastin release caused by
endotoxin. During liver resection Ulinastatin
also might inhibit the consumption of co-
agulation factors by preventing the tissue
thromboplastin release!°.

{Received Jan. 16, 1990, accepted for publi-
cation Jul. 20, 1990)
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