Management of critical bleeding 163

Surgeons
Preoperative blood order
Surgical haemostasis
Damage control surgery

Operating room
Emergency room

Commander

Anesthesiologists
Laboratory examinations
Order of blood products
according to lab studies

Laboratory technicians
CBC
Coagulation studies

Nurses
Weighing sponges
Checking suctions
Transport of blood
products

Medical engineers
Rapid infusion pump
Intraoperative blood salvage

Blood

Fig. 3 Interactions amongst depart-
ments, and blood bank.

products
Department of blood transfusion

Blood bank
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Cross-matched red cell concentrates (RCC) is used in the
routine cases. However, in the critical bleeding, there would
not be enough time to prepare cross-matched RCC. Life-
saving is far important than to avoid remote risk of delayed
haemolysis and other minor reactions. It is important to
consider the risks and benefits of specific blood products in
terms of availability and timing.

If type and screening is performed preoperatively, the
RCC would be available within 5 to 15 min after blood typ-
ing or computer cross-matching. The ABO type-specific
RCC can be used. If the ABO type-specific RCC is not avail-
able in a short period of time, ABO-compatible RCC includ-
ing group O RCC should be used.

Distribution of ABO and Rh types varies from country to
country. In Japan, the distribution of blood types is differ-
ent from European countries. The blood types of Japanese
roughly consist of group A 40%, group O 30%, group B
20%, and group AB 10%. The ratio of Rh-D (+) is over 99%
in Japan. The population of people with group AB, Rh-D
(=) is <1/2000 population.

Even the existence of antibody to red blood cells is
known, the risk of haemolysis needs to be assessed against
the risk of withholding blood transfusion until compatible
RCC can be provided. The Guidelines recommend that
uncross-matched blood should be used when time does not
allow for waiting the cross-matched RCC even in patients
with red cell antibody. There is a risk of delayed haemoly-
sis. Overall risk of delayed haemolysis is up to 1%. The
patient with antibody to red cell who received uncross-
matched blood products should be observed closely for a
few weeks to find signs of haemolysis promptly. Delayed
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haemolysis occurring after a few days to a few weeks can
be managed without difficulty.

Irradiation is indicated to the RCC and platelets to pre-
vent transfusion related graft-versus-host disease (GVHD).
The Guidelines indicated that irradiation may be omitted to
save time. However, some people are concerned about
transfusion of not-irradiated blood products. Further stud-
ies are required to solve this problem.

Autologous blood transfusion

Use of intraoperative autologous blood transfusion is en-
couraged when the contraindications for this method do
not exist. The help of medical engineers may be required.
This technique may be quite useful in patients with rup-
tured major blood vessels.

Use of preoperative autologous blood donation is lim-
ited. Effectiveness of preoperative autologous blood dona-
tion has been controversial. Preoperative autologous blood
donation is encouraged in patients with rare blood type
undergoing major surgery with the possibility of large
blood loss. Our studies suggested that in obstetric patients
with placenta previa and other factors leading large blood
loss may be benefited from the preoperative autologous
blood donation. The median amount of preoperative autol-
ogous blood donation was 800 ml.

Fresh frozen plasma

The major recommended indication of fresh frozen plasma
(FFP) is to supplement multiple coagulation factors for
bleeding tendency due to deficiencies in coagulation fac-
tors. Trigger points are prothrombin time (PT) activity equal
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or <30% or PT-INR equal or <2-0, activated partial pro-
thrombin time (aPTT) greater than two times the upper limit
of the institutional standard level or activity equal or
<25%, or fibrinogen level less than 100 mg/dl in Japan.

The indications for FFP are similar in other countries.
The practice guidelines for perioperative blood transfusion
by the American Society of Anaesthesiologists state that
FFP transfusion is indicated for (1) correction of excessive
microvascular bleeding (coagulopathy) in the presence of
PT >1-5 times normal or INR > 2-0, or an aPTT > 2 times
normal; (2) correction of excessive microvascular bleeding
secondary to coagulation factor deficiency in patients
transfused with more than one blood volume and when PT
and aPTT cannot be obtained in a timely fashion [5].

In bleeding patients, these criteria may be fulfilled when
the blood loss is greater than one blood volume. Fibrinogen
may become <100 mg/dl before other coagulation factors
fall below the minimum haemostatic levels by bleeding
[6,7]. PT may not reflect decreased level of fibrinogen.

The fibrinogen concentration which causes microvascu-
lar bleeding is considered 50-80 mg/dl. It should be
avoided to let fibrinogen concentration fall below this level
in actively bleeding patients.

However, performing these coagulation studies may not
be practical in actively bleeding patients with unstable hae-
modynamics. It also delays administration of FFP because
of preparation time. Therefore, it is recommended to draw
blood samples for later analysis and to give FFP without
waiting the final results.

Cryoprecipitates are useful to increase fibrinogen level
efficiently with small amount of volume. Each unit of cryo-
precipitate contains 150 mg of fibrinogen in about 15 m! of
plasma. Unfortunately, cryoprecipitates are not commer-
cially available in Japan. The only current indication for
fibrinogen concentrates is congenital fibrinogen deficien-
cies with bleeding tendency. Fibrinogen products were
approved for treatment of acquired low fibrinogenemia in
the past. An estimated 10 000 cases of hepatitis C infection
have been attributable to use of inappropriately heated
fibrinogen in Japan. It became a social issue and citizens
may hesitate to receive fibrinogen products even though the
currently available products are properly produced and safe.

Recombinant activated factor VII concentrates is indi-
cated with the specific factor deficiency with antibodies
and is very expensive. Some anecdotal cases indicated the
usefulness of factor VII products in patients with massive
bleeding. Although some people recommend to use recom-
binant activated factor VII when other ordinary haemostat-
ic measures have failed, one retrospective study suggested
last-ditch recombinant activated factor VII therapy was
ineffective to rescue the patients who were resistant to con-
ventional treatment [8]. Recent review by Johannsson did
not support routine use of recombinant activated factor VII

concentrates for patients with massive bleeding [9]. It may
increase risk of thromboembolic events. Therefore, use of
recombinant activated factor VII was not mentioned in the
Guideline.

ABO-compatible FFP can be used when type-specific
FEP is not available.

Platelet concentrates

Platelet concentrates are indicated when platelet count is
<50 000 associated with bleeding tendency in usual surgi-
cal patients. The minimum level of 100 000/mm? is recom-
mended for ophthalmologic and intracranial surgery. In the
critical bleeding, platelet concentrates should be adminis-
tered to maintain platelet count >50 000/mm?>. The trigger

‘of platelet transfusion may be higher than usual (e.g.

75 000/mm?) in patients with critical bleeding. ABO-com-
patible platelet concentrates can be used when type-specific
platelet concentrates are not available.

Serial and frequent measurements of blood cell count are
necessary because platelet count changes rapidly in the set-
ting of critical bleeding.

Crystalloids and colloids

It is important to maintain tissue perfusion by appropriate
volume status and vasoactive agents if necessary. Restora-
tion of circulating volume is initially achieved by rapid
infusion of crystalloid such as lactated, acetated or bicar-
bonate Ringer's solution, and normal saline. Artificial col-
loids such as hydroxyethyl starch (HES) is usually indicated
when blood loss is greater than 20% of one blood volume.
HES is indicated in critically bleeding patients. The amount
of HES is commonly limited to 1000 ml or 20 ml/kg of
body weight because HES is potentially induces platelet
inhibition and renal dysfunction. HES are known to inter-
fere with coagulation according to molecular weight.
Because the currently available HES in Japan contain rela-
tively low molecular weight, interference with coagulation
may not be significant. Duration of plasma volume expan-
sion may be short-lived. The upper limit of HES is not
described in the Guideline.

The use of albumin solution has been controversial
[10,11]. Currently 5%, 20%, and 25% albumin solutions are
available in Japan. Plasma protein fraction is also available.
The Guideline did not prohibit the use of albumin solutions
in the setting of critical bleeding.

Avoidance of adverse effects and
complications of rapid blood transfusion

Although blood transfusion may save lives in patients with
critical bleeding, it presents risks to the patients. The
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potential risks include accidental transfusion of the incom-
patible unit of blood, transmission of viral, bacterial, and
other microbial infections, GVHD, transfusion-related acute
lung injury (TRALI), and so on. These complications can be
fatal either in a short-term or in a long-term. Correct iden-
tification of the recipient blood group and use of compati-
ble blood products are of paramount importance. It is
strongly recommended to check the recipient blood group
twice before blood transfusion. In an emergency situation,
some physicians often check blood type only once. To
avoid blood-transfusion-related GVHD, irradiation to the
blood products is highly recommended. Some institutions
receive only irradiated blood products, and some receive
nonirradiated blood products and irradiate blood products
immediately before blood transfusion to avoid the risk of
hyperkalemia [12]. Sometimes there is no time to irradiate
blood products in life-threatening situation. It is helpful to
store irradiated blood products and to order irradiated
blood products from the blood bank for emergency.

Acute complications related to rapid blood transfusion
including hypothermia, acid base abnormalities, electrolyte
imbalance should be considered and appropriately treated.

It is important to avoid hypothermia. Hypothermia
reduced platelet aggregation and vascular reactivity, lead-
ing to increased blood loss. Efficient blood warmer should
be used. Warm forced-air system and other devices should
be used to keep normothermia.

Hyperkalemia due to the old RCC and irradiated blood
can be fatal in massive blood transfusion [13]. Although it is
rare to see life-threatening hyperkalemia due to blood trans-
fusion, it may occur in the presence of impaired renal func-
tion, severe acidosis. It may also occur in infants and small
children.’ Serial measurements of blood samples are neces-
sary. Changes in electrocardiogram changes including tall
T-wave may not be sensitive and often overlooked. Hyper-
kalemia should be treated by alkalization of the blood by
hyperventilation and administration of sodium bicarbonate,
furosemide, and calcium chloride (or calcium gluconate).
After massive blood transfusion, hypokalemia may occur.

Hypocalcemia may occur with rapid transfusion of the
RCC and FFP. In the usual setting, hypocalcemia can
resolve spontaneously in 10 min. However, in massive and
rapid blood transfusion, severe hypocalcaemia resulting in
cardiac depression and circulatory collapse is a real possi-
bility. Hypocalcemia should be treated by calcium prod-
ucts.

Use of rapid transfusion device is optional. Although
these devices are capable of transfusing blood rapidly in
the critically bleeding patients, these are not designed for
this purpose. Some fatal accidents have occurred because
of lack of experience and neglect of the proper use. These
rapid transfusion devices should be used by the experi-
enced medical engineers or physicians.
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Institutional guidelines and simulation

The guidelines set by the JSA and the Japan Society of
Transfusion Medicine and Cell Therapy can be modified
according to the situation of each institution. Our studies
demonstrated that more than 80% of the major institutions
had their own blood transfusion guidelines. However, only
one-third of the institutions performed simulations.
Although these guidelines are well-known and understood
by the staff in the blood bank, these are not well understood
by surgeons and obstetricians particularly working for the
small institutions.

It is not clear how much blood products should be stored
in each institution. The more the storage, the higher the
amount of the wasted blood products. It is also important to
know the transfer time from the Red Cross Blood Center. It
takes more than 60 min to receive the blood products from
the Red Cross Blood Center. in the emergent situation in
some institutions. It is also important to know how long it
takes to determine blood types and to cross-matching.
These factors should be taken into consideration when to
order blood products.

Current status

We have been following the situation of critical bleeding
and blood transfusion in different departments including
anaesthesia, paediatric anaesthesia, emergency medicine,
obstetrics, and blood transfusion in Japan [14]. The study
was supported by the Grant of the Ministry of Health,
Labour and Welfare (H.19-MP-General-031) since 2007.
We performed a questionnaire survey regarding the pres-
ent status of critical bleeding (35 000 ml) occurring in
major hospitals in Japan in 2006 [15]. A total of 692 241
cases managed by anaesthesiologists in 247 institutions
were registered. There were 2657 cases of massive haemor-
rhage over the circulating blood volume in the operating
room, and 404 of them were considered critical. Thus, the
number of patients with massive bleeding was 66 times
that of patients with critical bleeding. In 1257 patients with
massive blood loss (35 000 ml), 196 patients (15-6%) died
within 30 postoperative days and 160 patients (12-7%) had
major sequelae including permanent brain damage. While
the amount of transfused RCC was 252 + 242 units (one
unit means RCC from 200 m of donated blood), the amount
of RCC stocked for emergency in the hospital was
12:7 £ 10°1 units for group A, 97 + 7-3 units for group B,
119 + 9'6 group AB, and 11-3 + 11-0 for group O. Some
institutions had much less RCC storage. The uncross-
matched, same blood type transfusion and compatible,
different blood type transfusion were performed in 8-20%
and 4-3%, respectively. The lowest haemoglobin concentra-
tion was below 5 g/dl in 16:7% of the patients, but
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uncross-matched, same blood type transfusion was per-
formed only in 19-0% and compatible, different blood type
RCC transfusion in 5-2%. Even in patients who required
cardiac massage, uncross-matched, same blood type trans-
fusion was performed only in 17-1% and compatible, differ-
ent blood type RCC transfusion in 8'5%. Intraoperative
blood salvage was performed in 57% in patients undergo-
ing non-cardiac surgery. The “Guidelines for the Manage-
ment of Critical Hemorrhage” proposed in 2007 or the
manuals for in-hospital emergency blood transfusion were
not widely recognized in surgical staff. The institutional
blood transfusion manual did not contain the part regard-
ing to critical bleeding in about 60% of the surveyed insti-
tutions. Insufficient blood transfusion might have occurred
in 16:7-28-3% of patients with massive bleeding.

Our study in 2007 demonstrated that the amount of
blood loss greater than one blood volume occurred in 66
patients/1000 surgical procedures [16]. Mortality rate of
the patients with blood loss >5000 mL was 2-8/10 000.
Uncross-matched blood was used in 102 patients (8-2%) in
the patients with blood loss >5000 mL. ABO-compatible
blood was used in 1-5% of the patients. These rates seemed
to be too low. ‘

These studies suggest the necessity of further promotion
of the Guidelines, institutional simulation according to the
institutional blood transfusion guidelines, and appropriate
practice in patients with critical bleeding.
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ABSTRACT

The Frontiers of Blood Transfusion for Critical
Bleeding : Preface and Comments

Eiichi InaDA

Department of Anesthesiology and Pain Medicine,
Juntendo University School of Medicine, Tokyo 113-8421

The annual surveys of critical incidents in Japanese
Society of Anesthesiologists (JSA)-certified hospitals in
1999-2002 demonstrated that massive and critical
bleeding was the major cause of intraoperative cardiac
arrest leading to poor prognosis including death and
permanent brain damage. The surveys also suggested
that type-specific blood transfusion and emergent O-
type blood transfusions were underutilized. Therefore,
the JSA and the Japan Society of Transfusion Medicine
and Cell Therapy publicized the guidelines for treat-
ment of critical bleeding in 2007. Five academic socie-
ties publicized the guidelines for management of criti-
cal bleeding in obstetrics in 2010. Each hospital is |
expected to make institutional emergency blood transfu-
sion guidelines on the basis of the above guidelines in
order to decrease the incidence of critical bleeding and
to improve the prognosis of the patients with critical

bleeding.

key words : critical bleeding, guidelines for treat-

ment of critical bleeding, type-specific blood transfusion
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ABSTRACT

Guidelines for Management of Critical Bleeding in
Obstetrics

Kazuo IriTa, Eiichi INaDA *

Risk Management, Kyushu University Hospital,
Fukuoka 812-8528
* Department of Anesthesiology and Pain Medicine,
Juntendo University School of Medicine, Tokyo 113-8434

Hemorrhage is the leading cause of maternal death.
Pregnant woman can tolerate a larger amount of blood
loss than non-pregnant woman, but obstetric hemor-
rhage is characterized by a high incidence of coagu-
lopathy. The Japanese Society of Anesthesiologists and
four related academic societies published “Guidelines
for management of critical bleeding in obstetrics” in
April 2010. The following points are emphasized in
these guidelines. Firstly, the trend of the shock index
(heart rate/systolic blood pressure) is useful to evalu-

ate the necessity for blood transfusion. Secondly, coagu-

lopathy should be evaluated in a timely manner and
treated promptly, when blood loss including amniotic
fluid exceeds 2,000 ml. Thirdly, an urgency code for
hemorrhage should be introduced to facilitate communi-
cation among the related personnel with communica-
tion between the delivery/operating room and blood
transfusion service. According to a triage tag in disas-
ter medicine, code I or code red is an extreme emer-
gency - overt hemorrhagic shock or evident massive
hemorrhage. If code I is declared by the designated
commander, transfusion of uncross-matched ABO-iden-

tical as well as ABO-compatible, non-identical red
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blood cells should be considered, if time is short or
ABO-identical red blood cells are unavailable. The com-
mander is selected from senior physicians of the anes-
thesiology or the obstetric department, and is responsi-
ble for crisis management. The major problems in cri-
sis management are hesitation to declare an emergency
and failure of communication. Declaration of an emer-
gency is also essential for calling supportive medical

personnel. To deal rapidly with critical bleeding, hospi-

B OBEr:60% 157

tal actions to be taken should be prepared, and simula-
tion exercise should be performed to correct inappropri-
ate actions prior to an actual crisis. A systematic, not
individual, approach is required to save the life of a

bleeding pregnant woman.

key words : obstetrics, hemorrhage, mortality,

guideline, transfusion
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