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Blood Loss during Surgery

(dL)
250 B2005~2008
200 02007~2008
150 !
100 -+
50 -
0 - a—
Thoracic aortic Liver Hepatoma &
aneurysm  transplantation Perihilar
(n=24, 25) (n=14, 15) cholangio-
carcinoma
(n=15, 8)

Fig. 2 Volume of blood loss during surgery in cases with
massive hemorrhage ( > 4,000ml) or massive transfusion
(> RCC 20U). We performed a comparative analysis
(2005 ~ 2006 vs. 2007 ~ 2008) in patients with thoracic
aortic aneurysm (n = 24 in 2005 ~ 2006, n = 25 in 2007 ~
2008), liver transplantation (n = 14 in 2005 ~ 2006, n = 15
in 2007 ~ 2008), and hepatoma/perihilar cholangiocarci-
noma (n = 15 in 2005 ~ 2006, n = 8 in 2007 ~ 2008).
Closed bars: cases in 2005 ~ 2006; Open bars: cases in
2007 ~ 2008. The data are presented as the mean = SD.
*p < 0.05 (by unpaired t-test).
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Fig. 3 Transfusion units during surgery in cases with massive hemorrhage (> 4,000ml) or massive
transfusion (> RCC 20U). We performed a comparative analysis (2005~2006 vs. 2007 ~ 2008) in pa-
tients with thoracic aortic aneurysm (n=24 and 25), liver transplantation (n=14 and 15), and
hepatoma/perihilar cholangiocarcinoma (n =15 and 8). Closed bars: cases in 2005~2006; Open bars:
cases in 2007~2008. The data are presented as the mean = SD. *p<<0.05; **p<0.001; ***p<0.0001

(by unpaired t-test).
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Fig. 4 Volume of blood loss and number of transfusion units during surgery in
cases treated with fibrinogen concentrate. We performed a comparative analysis
(2007 vs. 2008) in patients with thoracic aortic aneurysm (n = 21 and 22) and liver
transplantation (n = 9 and 11). Closed bars: cases in 2007: Open bars: cases in 2008.
The data are presented as the mean=SD. * p < 0.05 (by unpaired t-test).
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CLINICAL USE OF CRYOPRECIPITATE OR FIBRINOGEN CONCENTRATE TO
PREVENT MASSIVE HEMORRHAGE DURING SURGERY

Koji Yamamoto", Kimitoshi Nishiwaki®, Chiaki Kato", Keiko Hanai", Ryosuke Kikuchi®,
Shuji Shibayama", Masato Nagino®, Tetsuya Kiuchi®, Yuichi Ueda® and Junki Takamatsu"
UDepartment of Transfusion Medicine, Nagoya University Hospital

®Department of Anesthesia, Nagoya University Hospital

¥Department of Surgery, Nagoya University Hospital

“Department of Transplantation Surgery, Négojra University Hospital

¥Department of Thoracic Surgery, Nagoya University Hospital

Abstract:

Background: Massive hemorrhage during surgery often results from diluted coagulopathy due to loss of coagulation
factors (e.g. fibrinogen), especially in cases of thoracic aortic aneurysm, liver transplantation, and hepatoma/perihilar
cholangiocarcinoma., The most important issue in preventing massive hemorrhage during surgery is transfusion
therapy for hemostasis. This study analyzed the hemostatic efficacy of cryoprecipitate or fibrinogen concentrate dur-
ing surgery when massive bleeding occurred.

Patients and Methods: When massive hemorrhage occurred in cases of thoracic aortic aneurysm, liver transplanta-
tion, and hepatoma/perihilar cholangiocarcinoma, we measured the fibrinogen level in plasma, and administered cryo-
precipitate or fibrinogen concentrate to the patient when the fibrinogen level was below 150 mg/d! (in 2007 ~2008).
The hemostatic efficacy of this treatment was evaluated by counting the volume of blood loss and number of transfu-
sion units in comparison with cases of treatment with fresh frozen plasma (in 2005~2006).

Results: We observed a rapid increase in plasma fibrinogen level and subsequent improvement in hemostasis after
cryoprecipitate or fibrinogen concentrate was administered. The average blood loss decreased by 30% and the aver-
age number of transfusion units was reduced about 30% to 60% when those agents were given to patients with se-
vere hypofibrinogenemia during surgery. The number of cases of early death due to massive hemorrhage during sur-
gery decreased by 75% in 2007~2008 when fibrinogen concentrate was used.

Conclusion: In patients showing hypofibrinogenemia (ie. <150 mg/dl) during surgery, administration of fibrinogen
concentrate should be effective in establishing hemostatsis, and therefore in reducing blood loss and transfusion vol-
ume. This treatment should help to improve the prognosis of patients in surgery, and also to decrease the use of blood
products.

Keywords:
massive hemorrhage, diluted coagulopathy, hypofibrinogenemia, thoracic aortic aneurysm, liver transplantation
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Summary. Studies conducted in European and North
American countries have demonstrated that various
factors including races affect the frequency of inhibitor
formation in haemophilia patients. The present study
was undertaken to analyse factors affecting the inci-
dence of inhibitor formation in Japanese haemophilia A
and B patients. Analytical data were retrospectively
collected from haemophilia A and B patients born after
1988, the year when monoclonal antibody-purified
factor VIII products were first marketed in Japan.
Various data were collected from 184 patients (153
cases of haemophilia A; 31 cases of haemophilia B). The
sample size of haemophilia B cases was too small to
reveal any significant differences between the inhibitor
formation group and the inhibitor-free group in any of
background variables. For patients with haemophilia A,
on the other hand, univariate analysis identified the

severity of haemophilia and a positive family history of
inhibitor development as risk factors for the formation
of inhibitors. In analyses of the clotting factor products
used, the incidence of inhibitor formation did not differ
significantly between the group treated with plasma-
derived products (29.7%) and the group treated with
recombinant products (25.0%). When background
variables were compared, age was higher in the group
treated with plasma-derived products but none of the
other background variables differed between the two
groups. These results suggest that in Japanese haemo-
philia patients, the type of clotting factor preparations
used for therapy has not influenced the incidence of
inhibitor formation.

Keywords: coagulation products, haemophilia, incidence,
inhibitor, risk factor

Introduction

Haemostatic treatment for patients with haemophilia
has advanced considerably in the past two decades. Safe
clotting factor concentrates with high haemostatic
activity have become available, and increasing clinical
evidence has been accumulated to confirm that regular
prophylactic infusions of these products help to prevent
the onset and progression of haemophilic arthropathy
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arising from repeated intra-articular bleeding. It is also
evident, however, that the infusion of clotting factor
products induce the formation of allo-antibodies (inhib-
itors), which inactivate factor VIII (or factor IX) in 20-
30% of patients with severe haemophilia A and 3-5% of
patients with severe haemophilia B. Conventional treat-
ment protocols involving infusion of deficient clotting
factors in these patients with inhibitors are poorly
effective, and haemostatic control is often difficult in
these circumstances, especially in patients with high-
responding inhibitors. Moreover, quality of life (QOL)
indices are reduced markedly in these patients [1].
Studies conducted in European and North American
countries have demonstrated that various genetic factors
affect the frequency of inhibitor formation. The most
detailed analyses have examined the type and location of
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factor VIII gene mutations, and have revealed that the
incidence of inhibitor formation was highest in haemo-
philia A patients with large deletions, nonsense muta-
tions or inversions [2-9]. A higher incidence of inhibitor
formation is known for Black patients [10], and a recent
report suggested that differences in factor VIII haplotype
contributed to this feature [11]. It is also known that
within the same family some patients with haemophilia
develop inhibitors whilst others do not, possibly reflect-
ing the polymorphism of genes encoding immunomod-
ulating cytokines [12-14] or indicating the influence of
acquired factors [15-20]. With regard to the type of
product used for therapy, close attention has been paid
to the relationship between the incidence of inhibitor
formation and the use of recombinant products or
plasma-derived products [21-28].

The present study was undertaken to assess the
incidence of inhibitors in patients born after 1988, the
year when monoclonal antibody (mAb)-purified factor
VIII products were first marketed in Japan. The analyses
was restricted to patients that had been treated with
clotting factor products for at least 2-years, with the
goal of identifying background variables and focusing
on whether or not the type of clotting factor products
affected the incidence of inhibitor formation.

Methods

Selection of treatment centres included
in the survey

Medical centres experienced in the treatment of hae-
mophilia and with comprehensive records enabling a
detailed investigation of the history of treatment in
individual patients were invited to participate in this
study.

Inclusion criteria

Patients with congenital haemophilia A or B satisfying

the all following criteria were eligible to study:

1. Born between 1 January 1988 and 31 December
2006.

2. Data on the history of treatment with factor VIII
(IX) products available for at least 2 years after the
first infusion of clotting factor products.

3. Data on inhibitor assays available for at least
2 years after the first infusion.

4. Informed consent available in writing from the
guardian (and also the patient aged 16 years and
older).

Investigations

1. Background variables: name initials, gender, birth
date, time (year and month) of diagnosis, factor VIII
(IX) activity and blood group.

Haemophilia (2011), 17, 771-776

2. Complications: presence/absence of haemophilic
arthropathy, hepatitis B, hepatitis C, HIV infection,
haemorrhagic disease other than haemophilia and
any other severe disease.

3. Neonatal history: manner of delivery and feeding
method.

4. Family history: presence/absence of family history
of haemophilia with or without inhibitor.

5. Treatment methods: age at the time of first infusion,
and administration method of clotting factor prod-
ucts (on demand or regular prophylaxis).

6. Clotting factor products: the name of the clotting
factor products and the number of days used during
the 2-year period after the first infusion or before
detection of inhibitor in patients showing inhibitor
formation.

7. Severe bleeding episodes and invasive surgery:
presence/absence and time of episode/surgery and
the site of bleeding during the 2-year period after
the first infusion. ;

8. Presence/absence of inhibitors: in patients showing
inhibitor formation, the inhibitor level on detection,
the date of measurement, peak inhibitor level and
latest inhibitor level [presence/absence of immune
tolerance induction (ITI) therapy if inhibitor had
disappeared].

Survey period :

The survey was conducted between 1 January 2008 and
31 December 2009.

Statistical analysis

The z-test and analysis of variance were used on
numerical variables and chi-squared test was employed
for nominal variables. In addition, multivariate analysis
was conducted by means of logistic regression.

Ethical considerations

The study was conducted in accordance with the
Japanese Ethical Guidelines on Epidemiological Studies
after approval by the Nara Medical University Ethics
Committee. In addition where necessary, the approval
of the ethics committee of individual participating
medical centres was also obtained.

Results

Analytical data were collected from 184 patients (153
cases of haemophilia A; 31 cases of haemophilia B). Of
the 153 patients with haemophilia A, 41 (26.8%)
developed inhibitors. In 29 of these 41 patients
(70.7%), including four patients who had not received
ITI, inhibitors had disappeared by the time of last
evaluation. On the other hand inhibitors were persistent

© 2011 Blackwell Publishing Ltd
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in 12 patients including 10 patients who had received
ITL.

In univariate analyses, the background wvariables
found to differ significantly between the inhibitor
formation group and the inhibitor-free group were:
the severity of haemophilia, family history of haemo-
philia patients with inhibitor (Table 1), age at the time
of the first infusion of clotting factor products (Fig. 1)
and factor VIII activity (Fig. 2). No other background
variable differed significantly between the two groups
(Table 1), including blood group and presence/absence
of hepatitis A, hepatitis B and HIV infection. Logistic
regression analyses of these variables demonstrated that
only the family history of haemophilia patients with
inhibitor had a significant influence on inhibitor forma-
tion (P = 0.002).

One hundred and fifty patients, excluding three
haemophilia A patients who had received treatment
with factor IX products, were classified into three
groups according to the type of clotting factor
product used during the 2-year period after the first
infusion, or before the detection of inhibitor: (i)
patients treated with plasma-derived products alone
(n = 37), (ii) patients treated with recombinant prod-
ucts alone (7 = 104), and (iii) patients treated with
both plasma-derived products and recombinant prod-
ucts (7 = 9). The incidence of inhibitor formation did
not differ significantly among these three groups
(29.7%, 25.0% and 22.2% respectively). Of the 46
patients who received plasma-derived products, nine
received only factor VIII products containing von

Willebrand factor. Among these nine patients, inhib-
itor formation was seen in four patients, but the
incidence for this group did not differ significantly
from that for the other groups. We also compared the
peak inhibitor level, the status of inhibitor formation
at the time of last observation and the response rate
to ITI between the group treated with plasma-derived
products alone and the group treated with recombi-
nant products alone. These comparisons revealed no
inter-group differences (Table 2). Furthermore, other
background variables were compared in these two
groups i.e. age, severity of haemophilia, family history
of inhibitor, treatment method (on demand or regular
prophylaxis) during the 2-year period after the first
infusion, the presence/absence of intracranial haemor-
rhage, other severe bleeding episodes and invasive

.surgery. The average age of the patients at the end of

the survey (31 December 2009) was significantly
higher in the group treated with plasma-derived
products alone than in the group treated with
recombinant products alone, but no other background
variable differed significantly between the two groups
(Table 3).

Among the 31 patients with haemophilia B, six
(19.4%) developed inhibitors. As in the haemophilia A
patients, background variables in those haemophilia B
patients who developed inhibitors were compared with
those that remained inhibitor-free. Univariate analyses
indicated that there were no significant inter-group
differences in any of the background variables, possibly
attributable to some extent to the small sample size.

Table 1. Background variables compared

between inhibitor formation cases and inhibitor- . . Inhibitor-free I’.‘L_h'_‘bltor
free cases with haemophilia A. Background variable (number of patients) (%) positive (%) P-value
Severity (7 = 153)
Mild 17/112 (15.2) 0/41 (0) 0.0243
Moderate 13/112 (11.6) 4/41 (9.8)
Severe 82/112 (73.2) 37/41 (90.2)
Haemophilic arthropathy (# = 153)
Present 25/112 (22.3) 14/41 (34.1) 0.2044
Family history of haemophilia (# = 148)
Positive 46/108 (42.6) 21/40 (52.5) 0.3736
Family history of inhibitor formation (n = 122)
Positive 3/91 (3.3) 9/31 (29.0) 0.0001
Treatment after first infusion (z = 151)°
On demand 78/111 (70.3) 30740 (75.0) 0.7255
Regular prophylaxis 33/111 (29.7) 10/40 (25.0)
History of intracranial haemorrhage (7 = 149)"
Positive 11/108 (10.2) 8/41 (19.5) 0.2160
History of other severe bleeding {n = 147)"
Positive 8/106 (7.5) 1/41 (2.4) 0.4384
History of invasive surgery (1 = 148)"
Positive 9/107 (8.4) 1/41 (2.4) 0.3577
Manner of child delivery (z = 109)
Transvaginal 67/79 (84.8) 27/30 (90.0) 0.7198
Caesarean section 12/79 (15.2) 3/30 (10.0)
Feeding method (n = 94)
Breast-feeding 26/66 (39.4) 15/28 (53.6) 0.4470
Bottle-feeding 15/66 (22.7) 5/28 (17.9)
Mixed 25/66 (37.9) 8/28 (28.6)

“Before detection of inhibitor in inhibitor formation cases and for a 2-year period after the first
infusion in inhibitor-free cases.

© 2011 Blackwell Publishing Ltd
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Fig. 1. Age at the time of first administration of clotting factor product
(haemophilia A). Age at the time of the first infusion of clotting factor VIII
products was significantly earlier in the inhibitor formation group than in
the inhibitor-free group (P < 0.001).
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Fig. 2. Factor VII activity. Factor VIII activity was significantly higher in
the inhibitor-free group than in the inhibitor formation group (P < 0.001).

Discussion

Of the possible factors affecting the incidence of
inhibitor formation in haemophilia patients, the type
of factor VIII and IX products used for therapy has been
attracting the closest attention. In particular, a retro-
spective study in France suggested that the incidence of
inhibitor formation was lower in haemophilia A
patients treated with single plasma-derived products
than in patients treated with recombinant products [23].
Subsequently, however, the CANAL study (Concerted
Action on Neutralizing Antibodies in severe haemo-
philia A) indicated that the incidence of inhibitor
formation did not differ between patients treated with
plasma-derived products (including products containing
von Willebrand factor) and patients treated with

Haemophilia (2011), 17, 771-776

Table 2. Status of inhibitor formation in relation to the type of clotting
factor products used during the 2-year period after the first infusion in
inhibitor-free cases, or before detection of inhibitor in inhibitor formation
cases.

Plasma-derived Recombinant
products alone products alone

Status of inhibitor formation n =37 (%) n =104 (%) P-value
Number of inhibitor formation 11 (29.7) 26 (25.0) 0.7308
cases
Peak inhibitor level
<SBUmL™? - 2(18.2) 7 (26.9) 0.8829
>5 BUmL™? 9 (81.8) 19 (73.1)
Status at the time of survey
Present 4 (36.4) 7 (26.9) 0.8565
Disappeared 7 (63.6) 19 (73.1)
Qutcome of ITI
Successful 6 (66.7) 17 (73.9) 0.9194
Ongoing 2 (22.2) 4 (23.5)
Failure 1(11.1) 2 (8.6)
Cases not having received ITI 1(14.3) 2 (10.5) -

among inhibitor disappearing
cases

Table 3. Background variables in relation to the type of clotting factor
products used during the 2-year period after the first infusion in inhibitor-
free cases, or before detection of inhibitor in inhibitor formation cases.

Plasma-derived Recombinant
products alone products alone
Background variable n =37 (%) n =104 (%) P-value
Age (years)” 140« 5.6 9.7 +43 0.0491
Severity
Mild 4 (10.8) 12 (11.5) 0.3342
Moderate 2(54) 15 (14.4)
Severe 31 (83.8) 77 (74.0)
Family history of haemophilia
Positive 20 (55.6) 42 (42.0) 0.2281
Negative 16 (44.4) 58 (58.0)
Family history of inhibitor formation®
Positive 1(4.2) 8 (9.1) 0.7166
Negative 23 (95.8) 80 (90.9)
Treatment during the 2-year period after first infusion’
On demand 29 (78.4) 71 (68.9) 0.3795
Regular prophylaxis 8 (21.6) 32 (31.1)
Intracranial haemorrhage’
Present 7(19.4) 11 (10.9 0.3091
Absent 29 (80.6) 90 (89.1
Other severe bleeding’
Present 1(2.9) 6 (6.0) 0.7804
Absent 34 (97.1) 94 (94.0)
Invasive surgery’
Present 1(2.8) 8 (8.0) 0.4903
Absent 35(97.2) 92 (92.0)

“Age as of 31 December 2009.
TExcluding cases where data are unavailable.

recombinant products [26], and this result was comnsis-
tent with a report published at about the same time in
the United Kingdom [28]. All of these findings were
derived from studies conducted in European and North
American countries, primarily involving caucasians. It is
known, however, that the formation of inhibitors
following treatment with clotting factor products varies
between different ethnic populations [10]. The present
investigation was conducted, therefore, in Japanese
haemophilia patients. The study was retrospective and

© 2011 Blackwell Publishing Ltd
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was designed to include only those patients in whom
inhibitor status could be checked for at least 2 years
after the first infusion of clotting factor product. In spite
of this limitation, the results on our relatively large
number of patients born after 1988 (the year when
mAb-purified factor VIII products were first marketed
in Japan) were consistent with those of the CANAL
studies. No differences in the incidence of inhibitor
formation were revealed between the Japanese patients
treated with plasma-derived products alone and those
treated with recombinant products alone. Genetic
analyses of haemophilia patients are available at some
specialized facilities in Japan, but data of this nature
was not comprehensively available for the present study
and was not included. The incidence of inhibitor
formation appeared to be very high, however, in
patients from pedigrees where different family members
were inhibitor positive compared to pedigrees where
there was no family history of an inhibitor. This finding
might have reflected an influence of gene mutation.

In the CANAL study, intensive treatment with
clotting factor products at an early age appeared to be
closely associated with the incidence of inhibitor
formation [20], and we attempted to investigate the
influence of high-dose therapy on inhibitor formation

by analysing the incidence of inhibitors in patients
treated for intracranial haemorrhage, other severe
bleeding episodes and invasive surgery within the 2-year
period prior to the detection of inhibitor. In these
analyses, previous treatment for intracranial haemor-
rhage had been recorded approximately twice as often
in the inhibitor group than in the inhibitor-free cases,
although the differences were not statistically signifi-
cant. In addition, the incidence of inhibitor formation
did not differ between the on-demand-treated group
and the group receiving regular prophylactic adminis-
tration of clotting factors.
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Summary. Background: Plasminogen activator inhibitor-1
(PAI-1) is the primary physiological regulator of urokinase
plasminogen activator (uPA) and tissue plasminogen activator
(tPA) activity. A number of studies have shown that elevated
levels of PAI-1 are related to pathological states such as an
increased risk of arterial thrombotic events and a poor
prognosis for cancer patients; however, there are few reports
about PAI-1 deficiency in humans because the disorder is very
rare. Objehctive: To understand the in vivo impact of a complete
PAI-1 deficiency, Serpinel ™ mice were generated; a number of
in vivo studies have been conducted to elucidate the function of
PAI-1 using Serpinel ™~ mice. The phenotypes demonstrated in
Serpinel™~ mice, however, were quite different from those in
humans. Therefore, it is necessary to find out and analyze
SERPINEI deficiency in humans. Patient and methods: The
patient is a 47-year-old woman who has had multiple episodes
of major bleeding. Although most of the patient’s blood
coagulation factors were functionally normal, her PAI-1
antigen levels were undetectable. Therefore, DNA sequencing
of the SERPINE]I gene were analyzed. Results: The proband
had a homozygous 1-bp duplication (C) at exon 3 (c.356dupC;
pIle120AspfsX42). Both wild-type PAI-1 (42.7 kDa) and
mutated (Mut) PAI-1 (14.7 kDa) were expressed in COS-1
cells, although the level of Mut PAI-1 expressed in the cell
lysates was much lower. Wild-type PAI-1 was observed in the
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culture supernatant, whereas no Mut PAI-1 was detected in the
supernatant. Conclusions: Considering the results of the present
study, the translation of mouse studies to humans must be
performed with great care.

Keywords: bleeding tendency, gene deficiencies, hypermenor-
rhea, impaired wound -healing, plasminogen activator inhibi-
tor-1, Serpinel.

Introduction

The conversion of plasminogen to its active form plasmin is
mediated by the proteolytic action of urokinase plasminogen
activator (WPA) and tissue plasminogen activator (tPA);
plasmin, in turn, brings about the proteolytic degradation of
fibrin clots [1]. Plasminogen activator inhibitor-1 (PAI-1) is a
member of the serine protease inhibitor (SERPIN) superfamily
and is the primary - physiological regulator of uPA and tPA
activity [2]. A number of studies have shown that elevated levels
of PAI-1 are related to pathologies such as an increased risk of
arterial thrombotic events [3] and a poor prognosis for cancer
patients [4]. There are few reports on PAI-1 deficiencies in
humans as the disease is rare, and there is only one report on
total PAI-1 deficiency which is genetically identified in humans
[51-

To understand the in vivo impact of a complete PAI-1
deficiency on various physiologic and pathophysiologic states,
Serpinel™~ mice were generated [6]. After initial characteriza-
tion of the deficient mice, it was found that the mice were not
only viable, but able to reproduce. Moreover, they did not
show any tendency to bleed. These results were very different
from those observed in the human case of total PAI-1
deficiency [5], where severe bleeding was observed. Although

© 2011 International Society on Thrombosis and Haemostasis
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a number of in vivo studies have been conducted to elucidate
the function of PAI-1 using Serpinel '~ mice, such a difference
in their fundamental phenotypes makes it difficult to simply
apply those results to humans. Here, we report a new case of
a genetically characterized, PAI-1-deficient Japanese subject,
and discuss the differences observed in PAI-1 deficiencies, as
well as differences in the underlying mechanisms, in humans
and mice.

Case report

The family background of the proband is shown in Fig. 1. The
patient is a 47-year-old woman who has had multiple episodes
of major bleeding; omphalorrhagia at birth, postoperative
bleeding (after an operation for a ventricular septum defect
patch) at the age of 5, and prolonged bleeding from the gingiva
after tooth extractions at the age of 10. At age 15, she had her
first menstruation and experienced a massive, life-threatening
hemorrhage (she lost more than 6 L of blood). All bleeding
episodes were characterized by delayed, prolonged bleeding; an
initial bleed would stop, only to reinitiate 3-4 days later. This
pattern was inconsistent with the early phase bleeding observed
with afibrinogenemia, von Willebrand disease {VWD), hemo-
philia and factor (F)XII deficiency [7-9]. The patient’s surgical
incisions were closed after suturing, but completely reopened at

A Proband Husband

8.0
ng mL~"

]
SEE,

Daughter 1 Daughter 2

B Standard ECLT
B Kaolin ECLT
1 Calcium ECLT

Daughter 2 Proband

Daughter 1

Husband
Fig. 1. Lineage of the proband and levels of plasminogen activator

inhibitor-1 (PAI-1) antigen (A) and eugloblin clot lysis time (ECLT) (B).
PAT-1 levels i’n the proband were undetectable (UD).
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the time of suture removal 7-10 days later, based on the fact we
thought that the problem was wound healing rather than a
coagulation disorder. Blood transfusions were required for all
these episodes. After the first menstruation, an oestrogen/
progesterone therapy was instituted to simulate pregnancy and
prevent menses; however, as bleeding at least twice a year is
necessary for healthy uterine and ovarian growth, she was
hospitalized during the spring and summer vacations to induce
menses. During these hospitalizations, the patient required up
to 10 L of blood to compensate for her blood loss. Intensive
screening was performed to detect any malfunction of blood
coagulation factors, but none were detected; the prothrombin
time (PT), activated partial thromboplastin time (APTT),
platelet count, platelet function, and plasma levels of fibrino-
gen, VWF, o2 antiplasmin, and coagulation factors VIII, IX,
and XIII were functionally normal determined by clot-time-
based assays. '

Two decades later, we found that her FXIIa was slightly
decreased although her APTT was normal. We investigated the
relationship between FXIla and PAI-1 inactivation [10] and
measured the eugloblin clot lysis time (ECLT), which is known
to reflect PAI-1 activity and is modified by FXIIa, and found
that the ECLT was remarkably shortened. Furthermore,
supplementation with either calcium ion or kaolin, which are
known to neutralize PAI-1 and shorten ECLT [10,11}, did not
drastically shorten ECLT; in fact the addition of calcium ion
prolonged it. These results suggested a PAI-1 malfunction and
prompted us to analyze her PAI-1 levels and the genetic
structure of SERPINEI. k

Materials and methods

Sample preparations

The ethical committee of the university hospital gave consent
for the use of all human tissues in the present study, and
informed consent was obtained from all human subjects.
Peripheral blood from the patient and her family members was
withdrawn by venipuncture. After the separation of plasma
from the whole blood, genomic DNA was extracted from
leukocytes with the QlAamp DNA Blood Mini kit (Qiagen,
Tokyo, Japan), and total RNA was extracted from platelets
using TRIzol (Invitrogen, Tokyo, Japan) according to the
manufactures’ instructions.

Cutaneous biopsy samples were taken from the ventral
regions of three patients, including the proband, who had
undergone trans-abdominal operations. These tissues were
utilized for total RNA extraction.

Plasma assays

Plasma levels of total PAI-1 antigen were determined by Latex
Photometric Immunoassay (Mitsubishi Chemical Medience,
Tokyo, Japan). The ECLT assay was conducted using micro-
titer plates either in the presence or in the absence of calcium
ion and kaolin, as previously described [12].
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PCR and RT-PCR followed by DNA sequencing

PCR and RT-PCR were carried out with Prime Script II
reverse transcriptase and Prime STAR HS DNA polymerase
(Takara Bio, Shiga, Japan) according to the manufacturer’s
instructions. The primer sets for SERPINEI are summarized
in Table I. PCR and RT-PCR were performed using
fibronectin (FNI) and all variants of fibronectin, vitronectin
(VTN), and integrin ol, o2, o3, o4, oS, a6, Bl, and B3
(ITGAIl, ITGA2, ITGA3, ITGA4, ITGAS, ITGA6, ITGBI
and ITGB3, respectively). Information on primers for these
genes is available upon request. All PCR and RT-PCR
products were sequenced using ABI Prism3730 (Life Tech-
nologies Japan, Tokyo, Japan).

Expression and characterization of mutant PAI-1

A human wild-type (WT) SERPINEI cDNA was synthe-
sized by RT-PCR using fotal RNA extracted from normal
human hepatocytes (Lonza, Walkersville, MD, USA) with
primers hSERPINEL.EF and hSEPRINEL.ER (Table 1).
The 1230-bp PCR amplicon and -the pcDNA3.1 plasmid
(Invitrogen, Tokyo, Japan) were digested separately with
restriction enzymes HindIII (NEB Japan, Tokyo, Japan) and
EcoRI (NEB Japan). This was followed by ligation of the
digested fragment into the pcDNA3.1 vector, which gener-
ated the human WT SERPINE] expression vector
pcDNA3.1-hSERPINEI-Wt. The SERPINEI mutation was

Table 1 Sequences of primers used for PCR, RT-PCR, and mutagenesis

introduced using the QuikChange Lightning Site-Directed
Mutagenesis kit (Agilent Technologies, La Jolla, CA, USA)
according to the manufacturer’s instructions with hSER-
PINEl.mutF and hSEPRINElmutR (Table 1) primers,
which generated the human mutated SERPINE] expression
vector pcDNA3.1-hSERPINE1-Mut.

These plasmids were transfected into COS-1 cells using
Lipofectoamine2000 (Invitrogen, Japan) according to the man-
ufacturer’s instructions. The cell lysates and culture supernatant
were electrophoresed on a sodium dodecyl sulfate polyacryl-
amide gel and transferred to a poly(vinylidene difluoride)
(PVDF) membrane (Immobilo Western; Nihon Millipore,
Tokyo, Japan) for western blot. The membrane was exposed to
arabbitanti-PAI-1polyclonal antibody (Cat.no. SC-8979; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and a goat anti-
rabbit IgG-HRP conjugate (Cell Signaling Technology Japan,

.Japan), and visualized with a SuperSignal West Pico kit (Thermo

Fisher Scientific, Kanagawa, Japan) according to the manufac-
turer’s instructions.

Results

Plasma assays

The total plasma levels of PAI-1 antigen in the proband were
undetectable (Fig. 1A), whereas it was 8.0 ngmL™" in her
husband (Fig. 1A), and 4.0 and 7.0 ng mL™" in her daughters
(Fig. 1A). The average ECLT value for the proband was

Name Type Sequence Exon Size
For PCR
hSERPINEL.5'F F 5-CAAGGCTATTGGGGTTTGCTC 1 453
hSERPINELIIR R 5-GAGATTCTGGGGAGGCGAGT
hSERPINELIIF F 5-TTGCAGGAAACAAGAAGAGCA 2 457
hSERPINELI2R R 5-TAAGCCAGAGCCAGCCTTTC
hSERPINELI2F F 5-AGAGTGGAGCCCCTTGTGG 3 371
hSERPINELI3R R 5-CTCTTGAGGCCCAGGAAATG
hSERPINELI3F F 5-CCAGCCTGGCAATAGAGTGA 4 348
hSERPINELI4R R 5-AGGAATGAGATGCAGTTGCTG
hSERPINELI4F F 5-AGTGCTGGGTTGCCATCAG 5 313
hSERPINELISR R 5-AGCCAGGAGAGAGGGGTTG
hSERPINELISF F 5-TAGGGGATGGGGAAAGGTG 6+7 433
hSERPINELITR R 5’-CAGTTATCCTGAAGGGCGATG
hSERPINELITF F 5-CCAGTGCCAGCATCCCTCT 8 199
hSERPINEILISR R 5-GTCGGGACTAGTTCCTGAGAGAAA
hSERPINELISF F 5-GCCTGATGAGCTGTCCCACT 9 . 484
hSERPINELESR R 5-AAAGCTCCTGTAAGCCCCGTA
hSERPINEL.ESF F 5-TTATGGGAGAATTGCACACAGATG 9 403
hSERPINEL.3'R R 5-TCCACCCACCTCGGCTTC -
For RT-PCR
hSERPINEL.E2F F 5-GAGGGTGTTTCAGCAGGTGG 2+3+4 531
hSERPINEL.E4R R 5-CCGTCTGATTTGTGGAAGAGG ¥
For expression vectors
hSERPINEL.EF F 5-GGGAAGCTTCAGGATGCAGATGTCTC-CAGCCCTC (AAGCTT; HindlIII site) 1230
hSERPINELER R 5-GGGAATTCTCAGGGTTCCATCACTTG-GCCCAT(GAATTC; EcoRI site)
hSERPINEl.mutF F 5'-GATCAGCACCACAGACGCCGATCTT-CGTCCAGCGGG (CC; the mutation)
hSERPINEl.mutR R 5-CGCTGGACGAAGATCGGCGTCTGTG-GTGCTGATCTC (GG; the mutation)
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1.36 h, which was extremely shortened. ECLT values in the
presence of calcium ion and kaolin were 1.56 and 1.05h,
respectively. The value for the husband was 7.20 h, and was
significantly shortened by either calcium ion or kaolin, whereas
those of the daughters were intermediate at 2.93 and 3.43 h,
and moderately shortened by the addition of calcium or kaolin
(Fig. 1B). Unfortunately, plasma from the proband’s parents
was not available for these assays.

Genetic analysis

The promoter, entire coding sequence and all exon—intron
junctions of SERPINEI from genomic DNA were amplified
by PCR. All PCR primer sets listed in Table 1 were functional,
and the amplicons were successfully obtained from samples
from the proband, her husband, her parents and her daughters

A —>
_— E3 —

5 CC ACA GAC GCG ATC TTC GTC &
3 GG TGT CTG CGC TAG AAG CAG 5

160 170
CCACARGACGYGATCTTCGTC

160 170
CCACRGACGC|CGATCTTCGT

L .EMNM
4

B v

160 170 160 170
CCRCRGACGCCAACCTCCTC

CCACAGACGCCAATCTCCTC

Fig. 2. Identification of the mutation in the genomic DNA. (A) Schema of
exon 3 and adjacent introns. Blue and red arrows indicate the forward
primer (hRSERPINEL.I2F) and reverse primer (hSERPINEL.I3R),
respectively. (B) The DNA sequence of the proband and her family.
Duplication of ‘C’ (red arrows) was observed in the proband, but it was not
detected in her husband. The daughters were heterozygous (black arrows).
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(data not shown). Sequence analysis with the forward primer
(hSERPINEL.I2F) revealed that a homozygous 1-bp duplica-
tion (C) at exon 3 (c.356dupC) existed in the proband (Fig. 2B).
This mutation results in a frame shift change with Ile-120 as the
first affected amino acid, changing it to an Asp and creating a
new reading frame ending in a stop at position 42 (counting
starts with Asp as amino acid 1) (p.Jle120AspfsX42; Fig. 4B).
This mutation was also verified using the reverse primer,
hSERPINEL.I3R (data not shown). This mutation was not
present in the husband; however, the daughters (Fig. 2B), as
well as her parents (data not shown), were heterozygous for the
mutation.

T E3 | E4a |
(—_...._.

5 CC ACA GAC GCG ATC TTC GTC 3
3 GG TGT CTG CGC TAG AAG CAG 5

100 110 120 100 110
GACGRRAGATCGGCGTCT GTGG GACGARGATCGCGTCTGTGG

. L

100 110 120 100 110
GACGRAGATCGCGTCTGTGG

é

GARCGARGATCGCGTCTGTIGG

Fig. 3. Identification of the mutation in the cDNA. (A) Schema of exon 3
and adjacent exons. Blue and red arrows indicate the forward primer
(hSERPINEL.E2F) and reverse primer (hSERPINEIL.E4R), respectively.
(B) The DNA sequence of the proband and her family. Duplication of ‘G’
(red arrows) was observed in the proband, but it was not detected in her
husband. Weak overlapping signals were observed for her daughters
(black arrows). Note: Background noise was noted with the use of the
forward primer when it was used for sequencing. Therefore, the results
obtained with the reverse primer are presented herein.
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Cell lysate Supernatant

A -
kDa Original WT  Mut Mock Original WT  Mut Mock

175—

111 120 161

B |
WT KDEISTTDAIFVQRDLKLVQGFMPHFFRLFRSTVKQVDFSEVERARFIND
Mut KDEISTTDADLRPAGSEAGPGLHAPLLQAVPEHGQASGLFRGGESQHHQ+

(c.356dupC; p.lle120AspfsX42)

Fig. 4. Characterization of mutant plasminogen activator inhibitor-1
(PAI-1). (A) Recombinant wild-type (WT) and mutated PAI-1 (Mut)
expression in COS-1 cells. Non-transfected cells (Original) and cells
transfected with pcDNA3.1 (inock) did not produce human PAI-1. WT
and Mut PAI-1 were expressed in the cells, although the amounts of Mut
were much smaller. However, Mut PAT-1 was not secreted. (B) Deduced
amino acid sequence of WT and Mut PAI-1 from 111 to 161.

The SERPINEI ¢cDNA encoding exon 3 as well as parts of
exons 2 and 4 was synthesized by RT-PCR using hSER-
PINE1.E2F and hSERPINE1.E4R. The amplicon was suc-
cessfully obtained from the proband, the husband and the
daughters, although the intensity of the band from the proband
was much fainter than those of the husband and daughters
(data not shown). Sequence analysis with the reverse primer
(hSERPINEL.E4R) revealed an identical homozygous 1-bp
duplication (C) at exon 3 in the proband (Fig. 3B). As
mentioned before, the husband did not have this mutation
(Fig. 3B), but sequence data from the daughters clearly
indicated that there was transcription from a mutated allele;
however, the amounts of mRINA were very small (Fig. 3B).
These results imply that the mutated mRNA was very unstable
in vivo. These findings were also confirmed using the forward
primer, hSERPINE1.E2F (data not shown).

Recornbinant wild-type and mutated PAI-1

In order to characterize the function of the mutated gene,
both wild-type and mutated SERPINE] cDNA were inserted
into the mammalian expression plasmid pcDNA3.1, and
transfected into COS1 cells. Both wild-type PAI-1 (42.7 kDa)
and mutated (Mut) PAI-1 (14.7 kDa) were expressed in the
cells, although the level of Mut PAI-1 expressed in the cell
Iysates was much lower (Fig. 4). Wild-type PAI-1 was
observed in the culture supernatant of wild-type SER-
PINE]-transfected COS-1 cells, whereas no Mut PAI-1 was
detected in supernatant from Mut SERPINEI-transfected
COS-1 cells (Fig. 4).

Sequence analysis of other genes related to wound healing

Although the recovery time from both spontaneous wounds
and surgical incisions was extremely prolonged in the proband,
there were no mutations in the genes related to wound healing
such as FNI and VTN as well as related integrins (data not
shown). These results indicate that the lack of PAI-1 might be
associated with the delayed wound healing.

Discussion

Our research has focused on the investigation of congenital
bleeding disorders caused by deficiencies in coagulation factors
such as fibrinogen [13], FVIII [14], FIX [15,16], FXIII [17,18]
and VWF [19]. In our experience, the bleeding experienced by
the proband was not similar to that observed in afibrinogen-
emia [20] and FXIII deficiency [21], although there was some

‘overlap in symptoms. In fact, we found no functional

abnormalities in any of the coagulation factors listed above.

In the past, while investigating recurrent miscarriages in
women deficient in fibrinogen and FXIII, we have demon-
strated the importance of these two factors in wound healing
[17,22-24]. As the proband’s surgical incision failed to repair,
we investigated genes related to wound healing such as FNI
and VTN, as well as their receptors ITGAI, ITGA2, ITGA3,
ITGA4, ITGAS, ITGAG6, ITGBI and ITGB3. After intensive
screening of these genes, we found that all of them were fully
functional.

Our investigations finally revealed that the proband had a
PAIT-1 deficiency caused by a previously undescribed homozy-
gous frame shift mutation that resulted in the formation of a
premature stop codon. The mutated mRNA was very fragile,
the mutated protein was barely expressed and the protein was
never secreted from the cells. This mutation was inherited from
her parents who both possessed the same heterozygous
mutation and was transmitted to her daughters, which
confirms germline transmission. Interestingly, interviews with
the family revealed no evidence of consanguineous marriage
within a third degree relationship.

The phenotype of this -patient was similar to those in
previous reports on human PAI-1 deficiency, but there were
also certain unique characteristics in this case; the severe
bleeding was coupled with impaired wound healing,

Severe abnormal bleeding after surgery and during men-
struation was the most critical and life-threatening symptom in
the proband, which was also reported in a previous case of

. human PAI-1 deficiency [25]. We did not, however, observe it

in Serpinel™'~ mice, where abnormal bleeding was not observed
even after partial amputation of the caecum or tail. However,
cardiac fibrosis has been documented in old Serpinel ™™ mice
[26-28], which is also found in young mice with low levels of
FVII [29] and mice with low levels of tissue factor [30]. Tt is
therefore possible that the Serpinel ™'~ mice might have as yet
unidentified bleeding disorders. Moreover, the expression
pattern of PAI-1 in humans and mice is quite different. For
example, human PAI-1 is expressed in wutero (http://
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www.ncbi.nlm.nih.gov/UniGene/ESTProfileViewer.cgi?ug
list=Hs.414795), whereas in mice it is not (http://www.
ncbinlm.nih.gov/UniGene/ESTProfileViewer.cgi?uglist = Mm.
250422). This difference in the expression pattern of PAI-1
in utero could explain the large differences in genital bleeding.

PAI-1 indirectly inhibits plasmin via inactivation of uPA and
tPA, whereas o2 antiplasmin, which is also a member of the
SERPIN superfamily, inhibits plasmin directly. The symptoms
of plasminogen deficiency in mice [31,32] are similar to those
observed in humans [33]; however, o2 antiplasmin-deficient
mice (SerpinfI~'") did not present with the bleeding tendencies
[34] that are typically observed in humans [35]. Moreover,
doubly deficient mice (Serpinel™ /SerpinfI™") also do not
show a tendency to bleed spontaneously [36]. This could
possibly be explained by the presence of additional anti-
fibrinolytic mechanisms; alternatively, it could be because anti-
fibrinolytic reactions triggered by PAI-1 and/or o2 antiplasmin
in mice are weaker than those in humans. Furthermore, the
proband experienced extessive menstrual bleeding; because
genital bleeding does not occur in mice, it was difficult to
demonstrate this in the Serpinel '~ mice. Thus, even although
humans and mice might have the same PAI-1 deficiency, the
physiological differences should be carefully considered. More-
over, not only internal differences between humans and mice,
but external differences should be evaluated for such compar-
isons. For example, although it is not typically considered, we
need to evaluate the living conditions of mice; experimental
mice are bred in cages, whereas humans face daily injuries and
occasional surgeries. Thus, these different lifestyles might result
in significantly different hemostatic parameters.

The impaired wound healing experienced by this proband
was not reported in the earlier case of human complete PATI-1
deficiency [5]. Conflicting results have also been reported in
wound healing studies using Serpinel ™~ mice [37]. Moreover,
wound healing was shown to be significantly accelerated in
Serpine]_/' mice with a skin wound healing model [38], and
Carmeliet et al. [39] reported that Serpinel™~ mice showed
better vascular wound healing using a neointima formation
model. However, even in the Serpine] '~ mouse model opposite
results were reported; the vascular repair process, including
neointima formation and neovascularization, appeared to be
impaired after ferric chloride injury [40]. A critical feature of
these studies seems to be the difference in the experimental
models, and the magnitude of involvement of the thrombus/
fibrin and their stability in wounds, both of which are affected by
PAI-1 [41]. Differential interaction of PAI-1 with Vitronectin
(VN) during different phases of wound healing might add
further complications [1], and well-regulated spatial and
temporal changes in the expression of these two proteins seems
to be required for appropriate wound healing [41]. It is therefore
reasonable to consider that the impaired wound healing
observed in the proband is also caused by the PAI-1 deficiency.

While a number of studies have been performed to under-
stand PAI-1 functions using Serpz'ne]’/ ~ mice, most have not
been validated in humans because the deficiency is very rare. A
study of complete PAI-1 deficiency in a family of Old Order

© 2011 International Society on Thrombosis and Haemostasis

Amish with the same gene mutation produced variable symp-
toms[25]. Therefore, it was speculated that the hemostatic PAT-1
function was exacerbated or attenuated by unidentified factors,
the so-called hemostasis modifier genes. PAI-1 also plays a role
in many pathophysiological processes other than hemostasis,
and these pleiotropic functions might be different in humans and
mice. Considering the results of this study, the translation of
mouse studies to humans must be performed with great care.

Addendum
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Suzuki performed the experiments; T. Iwaki, T. Urano T.
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figures; T. Kobayashi, J. Takamatsu, K. Umemura, and T.
Terao undertook the clinical care of the proband and her
family; T. Iwaki, T. Urano, and N. Kanayama designed the
research and wrote the paper.
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Background

Blood loss due to bleeding is a reversible process as long as
the amount of blood loss is compensated by physiological
mechanism and/or fluid therapy. However, the amount and
rate of bleeding far greater than compensatory mechanisms
leads to a vicious cycle which worsens bleeding and impairs
major organ dysfunctions (Fig. 1).

Annual survey of the critical incidents related to anaes-
thesia by the Japanese Society of Anaesthesiologists (JSA)
repeatedly demonstrated that massive bleeding is a major
cause of intraoperative cardiac arrest {1,2]. The JSA studies
demonstrated that critical bleeding in the perioperative
period was the leading cause of intraoperative cardiac
arrest and perioperative death in the first week postopera-
tively (Table 1) [3,4]. About a half of them were related to
haemorrhagic shock due to trauma, rupture of the large
blood vessels, and so on. The rest were related to intraoper-
ative bleeding due to surgical manipulation. Although the
possibility of massive and rapid bleeding was anticipated
and some preventive and treatment measures were to be
taken to deal with such critical bleeding, prognosis was still
grave.

The Subcommittee on Surveillance of Anaesthesia-
Related Critical Incidents of the JSA analysed the data.
Contributing factors include far greater rate and amount
of bleeding than anticipated (Fig. 2}, delay in decision to
start blood transfusion and to order additional blood prod-
ucts, hesitation to use ABO-compatible blood including
group O Blood without cross-matching, delayed transpor-
tation of the blood products from the blood banks, and
lack of man power. In patients with critical bleeding,
blood loss was >12 1/60 kg(body weight) in 352% .of
the patients, and the maximal estimated bleeding rate
was >240 ml/60 kg(body weight)/min in 449% of the
patients. Despite critical bleeding and shortage of blood
products due to delayed transportation of the blood

Correspondence: Eiichi Inada, M.D., 2-11-1 Hongo, Bunkyo-ku, Tokyo,
Japan 113-8421
E-mail: e-inada@juntendo.ac.jp

products, cross-matching test was waived in 13-4% of the
patients, and ABO-compatible blood products including
group O blood was used only in 1-3% of the patients.
It suggests that using uncross-matched blood might be a
major concern in the physicians in Japan even in the
life-threatening situation.

Although the national guidelines for blood transfusion
made by the Japanese Ministry of Health, Labour and Wel-
fare exist, the issues on critical bleeding were not fully dis-
cussed and clear guidelines were not described. Massive
bleeding is commonly defined as the loss of one blood vol-
ume with in 24-hr period. There are many cases where the
concept of massive bleeding may not lead to appropriate
blood transfusion in a timely fashion. The concept of criti-
cal bleeding is arbitrarily defined; the physicians who take
care of the briskly bleeding patients feel that bleeding is
very likely to result in life-threatening situation in a short
period of time, i.e. within a few minutes to a few hours.
Immediate and appropriate therapy to stabilize the patient
and to avoid secondary damages is required. Therefore, the
JSA and the Japan Society of Transfusion Medicine and
Cell Therapy decided to make guidelines for treatment of
critical bleeding.

Outlines of the guidelines for treatment of
critical bleeding

The JSA established “Guidelines for Actions Against Intra-
operative Critical Hemorrhage” {Guidelines) in collabora-
tion with the Japanese Society of Blood transfusion and
Cell Therapy in 2007. Fundamental concept is life-saving
measure is much important than theoretical complications
in the life-threatening critical bleeding.

There are a few basic strategies as follows:

(1) Physicians and nurses, medical engineers in the oper-
ating room and emergency room, staff in the blood
transfusion department, and staff in the blood bank
work as a team. Intense communication between them
is mandatory.

(2) The commander is in charge of the important decisions
related to blood transfusion strategies.
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Fig. 1 Vicious cycle due to critical bleeding.

Table 1 Incidence of intraoperative cardiac arrest and postoperative mor-
tality in 7 days

Number of Mortality after
patients 7 days (%)
Preoperative haemorrhagic shock
Cardiac arrest 192 880
Serious complications 278 446
other than cardiac arrest
Intraoperative critical bleeding
Cardiac arrest 103 777
Serious complications 438 196

other than cardiac arrest

10-20 >20

<2 —4 4-6 6-8 8-10
Estimated bleeding rate (ml/kg/min)

Fig. 2 Estimated bleeding rate in critical bleeding.

(3) Surgeons concentrate on haemostasis rather than on
proceeding the planned procedure. Damage control sur-
gery should be considered.

(4) Anaesthesiologists insert a few large bore intravenous
lines, draws blood for blood cell counts and coagula-
tion studies, and order blood products according to the

amount and speed of haemorrhage, vital signs, labora-

tory data, and the prospect of haemostasis.

ABO-compatible blood products should be used with-

out hesitation.

(6) Euvolemic status should be maintained to keep ade-
quate perfusion pressures of major organs and to main-
tain their functions.

(7) Hypothermia should be best avoided to worsen bleed-
ing tendencies.

(8) The institutional structure of blood transfusion system

and transport time from the blood bank should be

understood by the staff concerning blood transfusion.

The institutional guidelines for critical and massive

bleeding should be established according to the Guide-

line.
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(10) Simulation training involving all departments related

to blood transfusion should be performed.

Commander and the team

When critical bleeding occurs, one single physician should
become the commander who will direct the overall therapy
including blood transfusion. The commander declares a
state of emergency. Most often, the anaesthesiologist will
become the commander in the operating room (OR) because
the anaesthesiologist knows the general condition of the
patient and is aware of the situation around the OR
including storage of blood products in the institution, and
transport of blood products from the blood bank. After the
life-threatening condition was evaded, the commander
declares the end of emergency.

The personnel in the OR, the emergency room (ER), labo-
ratories, department of blood transfusion, and Red Cross
blood center work together as a team in the face of critical
bleeding (Fig. 3). Close communication amongst all depart-
ments is essential. Anaesthesiologists would start new
large-bore intravenous lines (16 or 14 gauge cannulae) for
fluid resuscitation and blood transfusion, and take blood
samples for blood gases, complete blood cell count, coagu-
lation studies, and cross-matching. Arterial and central
venous lines may be inserted. The commander would order
blood products according to the general condition of the
patients, laboratory data, and availability of blood prod-
ucts. Surgeons would concentrate on haemostasis rather
than on completing the planned procedure. Damage control
surgery should be considered. Medical engineers would
prepare for intraoperative autologous blood transfusion
and rapid infusion pumps. Nurses would measure the
amount of blood loss, and keep contact with the blood bank
and check blood product bags.

Postoperative management in the intensive care unit is
probably required. Postoperative mechanical ventilation
may be required. )
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