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Introduction 
In developed countries1, pregnancy-related 

transfusion accounts for about 6 percent of red blood 
cell (RBC) units transfused. This means that, for 
example, in the UK as a whole, approximately 70,000 
units of RBC are transfused to obstetric patients each 
year2. The pattern of blood usage is very different in 
countries in which diagnostic and treatment options 
are more limited, with 37 percent of transfusions 
being given to women with obstetric emergencies1.

Obstetric haemorrhage is a leading cause 
of maternal and perinatal mortality3. Placental 
abruption and placenta praevia/accreta can present 
as antepartum haemorrhage and are risk factors for 
post-partum haemorrhage (PPH). Uterine atony, 
inversion, retained products of conception and 
genital tract trauma all cause PPH and account for 
the majority of cases of major haemorrhage. Uterine 
rupture is an infrequent cause of haemorrhage and 
maternal death and can occur spontaneously or at the 
site of previous uterine surgery (caesarean section or 
retained placenta)3.

During the triennium 2006-2008, the rate of deaths 
from hemorrhage in the UK was 0.39 per 100,000 
maternities4. 

The incidence of severe bleeding in childbirth 
has been estimated in various surveys and is 
approximately one in 200 to 250 deliveries4. In 
developed countries treatment is generally effective 
with an approximate case fatality rate between 1 in 
600 to 800 cases of obstetric bleeding5-7.

Various blood conservation techniques can reduce 
exposure to allogeneic blood. These include pre-
operative autologous blood donation (PABD), acute 
normovolaemic haemodilution (ANH) and intra-
operative blood salvage (IBS).

PABD may cause anaemia, does not eliminate 
transfusion risk, cannot be used in an emergency, is 
not acceptable to Jehovah's Witnesses and should be 
reserved for exceptional circumstances8,9.

ANH may induce anaemia and cardiac failure, 
cannot be used in an emergency and may have a 
limited role in combination with other techniques9.

The use of IBS has increased substantially 
during the last two decades and the re-infusion of 
shed washed blood is commonplace in many types 
of surgical operations in which heavy blood loss is 
anticipated10,11. In this technique, blood shed at the 
time of surgery is collected and washed, and RBC 
are returned to the patient as an ongoing process 
(Figure 1)12,13. In skilled hands, blood salvage can 
be quickly set up and the final product returned 
to the patient within minutes of collection. In 
addition, this technique is also acceptable to some 
Jehovah's Witnesses, provided the equipment is set 
up in continuity with the circulation (Figure 1)14, but 
consent needs to be obtained on an individual basis.

However, the safety of IBS in obstetrics has been 
questioned and its introduction in this clinical arena 
has been delayed because of theoretical concerns 
stemming from the historical and ongoing dispute 
focused on the risk of maternal-foetal anti-Rh(D) 
alloimmunisation and the risk of contamination of 
the cell-saved blood with traces of amniotic fluid 
(AF)15,16. The objective of this article is to review 
the role of autologous blood conservation techniques 
in obstetrics focusing on the currently available 
evidence regarding IBS. An overview of current 
European regulatory requirements on IBS will also 
be provided.

Autologous blood and obstetrics
Pre-operative autologous blood donation

The last two decades have seen the birth17, 
development and subsequent gradual decline of 
PABD18-23. The re-evaluation of its role has recently 
been emphasised in guidelines that do not recommend 
this practice unless exceptional clinical circumstances 
require it and suggest, where suitable, the use of 
perioperative cell salvage techniques8,9. In the UK, 
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Figure 1 -  Schematic representation of a blood salvage system with a double suction setup to reduce the possible 
contamination of the blood suctioned from the surgical fi eld138. In this setup, one suction line is connected 
to the collection reservoir and used for the aspiration of blood to be sent back to the patient, while the other 
(dotted line) is connected to the regular wall suction and used for the aspiration of the contaminant. 

 For Jehovah's Witnesses, the machine is set up and operated with an "in-continuity" mode137. This means 
that the whole circuit is run through with saline and the re-transfusion bag is connected to the intravenous 
cannula before starting the salvage suction, thereby establishing a continuous circuit between the blood lost 
and the recipient vein. The dashed line represents infusion sent back to the patient, which is primed with 
saline before starting to complete continuity of the circuit.

 RBC: Processed red blood cells; F: Leucocyte depletion fi lter.
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this is reflected in a recent change in National Blood 
Service policy, such that this service is no longer 
provided (except on special request)24.

The greatest benefit of PABD is the reduction 
in risk of infections, although this has already been 
significantly reduced in recent years thanks to the 
introduction of molecular biology techniques used for 
the biological qualification of blood components20,25. 
Another advantage is the absence of alloantibodies 
associated with allogeneic red cell transfusion. 
Nevertheless there are also several potential side 
effects of PABD26, including a possible higher risk of 
untoward reactions due to the blood donation itself 
compared to allogeneic donations26,27, the risk of 
iatrogenic anaemia19, and as with allogeneic blood, the 
risk of clerical errors26,28, bacterial contamination26, 
circulatory overload, possible immune-modulating 
effects9,23-31 and, last but not least, the fact that 
autologous donors are more likely to receive any 
type of transfusion (allogeneic and/or autologous)19,32.

Although PABD was successfully and safely used 
in the past in obstetrics32-35, it is not recommended in 
most recent guidelines on the topic. Indeed, it is of 
very limited value as most cases of major obstetric 
bleeding cannot be foreseen and often require 
transfusion support with blood components (RBC, 
plasma, platelets) that cannot usually be guaranteed 
by blood donated pre-operatively3,36-38.

A further limitation of PABD is that it must be 
planned and started weeks before surgery without 
actually knowing the exact amount of blood that will 
be needed by the individual patient during surgery. 
In contrast, IBS can be used only if the need for red 
cell transfusion during surgery becomes imminent 
and real39. Clinical data suggest that PABD is most 
effective if the haematocrit is between 35% and 40% 
and at least 4 weeks between the (last) donation and 
surgery are allowed39-45. Otherwise, it will only consist 
of a simple transfer of red cells from the patient into 
a plastic bag with a doubtful benefit for the patient. 
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PABD has been shown to be really efficacious in 
increasing the RBC mass of the patient only following 
the physiological principles of erythropoiesis39-45: 
a strong anaemic stimulus and sufficient time for 
regeneration of the red cell mass. 

A comparison of the efficacy, in terms of the 
increase of red cell mass thanks to the autologous 
blood saving technique, was carried out in orthopaedic 
patients: based on a mathematical model, this 
comparison showed that PABD can be superior to 
IBS only if there is sufficient time before surgery 
to regenerate a red cell mass of approximately                 
400 mL39. To the best of our knowledge, similar data 
are not available for obstetrics.

Indeed, because of scheduling or other logistic 
obstacles, "correct" autologous donation in obstetrics 
might not be easy and other blood saving techniques are, 
therefore, needed to reduce allogeneic blood transfusion.

PABD can be combined with IBS46 for the 
management of selected patients with alloantibodies 
for whom allogeneic blood may be in short supply8,9,38.

Acute normovolaemic haemodilution
ANH is an autologous blood transfusion technique 

that was introduced in the 1970s47-49. It consists of 
withdrawing at least 3-4 units of autologous blood 
immediately before elective surgery. During the 
haemodilution process, normovolaemia is maintained 
by the administration of crystalloid and colloid 
replacement fluids50-54. Colloidal solutions are 
preferred because they preserve tissue oxygenation 
better, and crystalloids can result in anaemia and an 
increased need for transfusions55. ANH is usually 
performed after the induction of anaesthesia, 
immediately before surgery.

Patients suitable for ANH should have a 
haemoglobin concentration that is at least the 
highest value of the normal range and the same 
clinical requirements as those needed for PABD9,50,54. 
The predicted blood loss must be above 50% of the 
total blood volume or, in any case, not less than                
1,500 mL9,51,52,56-58.

The rationale for the use of ANH is that, if the 
haematocrit level is lowered before the blood loss, 
fewer RBC will be lost when the patient bleeds54.

All the blood units need to be clearly labelled with 
the patient's identification details and the date/time 
of collection. They should not leave the operating 

room, can be stored at room temperature and should 
be transfused within 6 hours of collection. 

Blood units are reinfused in the reverse order 
of collection, because the first unit collected, and 
therefore the last unit transfused, has the highest 
haematocrit level and concentration of coagulation 
factors and platelets9,52,54,59; in addition, if for certain 
patients and selected surgical procedures ANH is 
used in conjunction with IBS, it is advisable to re-
infuse the IBS red cell units before the ANH units of 
whole blood. Various formulas and nomograms have 
been proposed to determine the amount of blood that 
should be removed to reach the target haematocrit or 
target haemoglobin concentration52, but the equation 
published by Gross in 1983 is the simplest one to 
apply in the acute pre-operative setting60.

There is, however, still some doubt as to whether 
ANH is really effective in reducing the need for 
allogeneic blood transfusion61. Several clinical 
studies, including prospective randomised trials, have 
shown that ANH can reduce the need for allogeneic 
transfusion in patients undergoing elective heart, 
orthopaedic (knee replacement), abdominal, vascular, 
urological, maxillofacial, and hepatic surgery, as well 
as patients undergoing surgery following burns62-73. 

In pregnancy, despite the large rise in cardiac 
output and the consequent concern regarding possible 
cardiac failure or placental insufficiency caused by 
ANH, this technique was well tolerated in healthy, 
term parturients undergoing elective caesarean 
section in whom major haemorrhage was predicted74. 
It has been used safely in pregnant women at high 
risk of excessive intra-operative blood loss because 
of placenta percreta and should be considered 
for obstetric patients who, because of religious 
convictions, will not accept blood products75. The 
successful, combined use of ANH, IBS and pulse 
cardiac output haemodynamic monitoring for 
caesarean hysterectomy in a Jehovah's Witness with 
placenta percreta was recently reported76.

Studies carried out in non-obstetric clinical 
settings either did not show any substantial benefit 
or even revealed an increase in the use of allogeneic 
blood due to ANH77-79. Doubts regarding the real 
benefits of the use of this procedure have been 
confirmed by some meta-analyses80-83, which found 
little evidence to suggest that ANH alone can save 
significant amounts of allogeneic blood.
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In fact, the relative risk of receiving allogeneic 
blood in any peri-operative phase is not significantly 
reduced by resorting to ANH82,84. Similarly, this risk 
is not reduced even if ANH is compared to other 
pharmacological blood-saving techniques such as 
tranexamic acid. Moreover, an increased relative risk 
of re-intervention because of haemorrhage85, as well 
as a lack of information regarding the safety of ANH 
have emerged80,82,83,85.

The routine use of ANH as an allogeneic 
blood-saving technique is  not ,  therefore, 
recommended2,9,80-83,86. Likewise, also in obstetrics, 
ANH should be considered only for selected patients 
and used with restrictive transfusion threshold or 
protocols85. It should be part of an integrated and 
multimodal approach based on local institutional 
cooperation aiming at reducing the use of allogeneic 
blood and overcoming the limitations of any single 
blood-saving intervention55.

Intra-operative blood salvage  
Historically, the idea of using IBS in obstetrics 

can be traced back to James Blundell87 and William 
Highmore88 who, in 1818 and 1874, respectively, 
thought of re-infusing shed blood (defibrinated and 
warmed)88 to treat PPH.   

The current increased demand for blood coincides 
with a significant reduction in blood donations89,90 
and strategies to contain allogeneic transfusion 
requirements are, therefore, attracting growing 
attention also by specialists in transfusion medicine9. 
In obstetrics, PABD and ANH have never proven 
successful for the above-mentioned reasons. In 
contrast, IBS is being used for an increasing number 
of obstetric patients.

In the USA, the use of autologous blood salvage 
devices has been advocated by the American College 
of Obstetrics and Gynecology for women in whom 
massive haemorrhage is anticipated such as in the 
presence of conditions known to be associated 
with placenta accreta91,92. The American Society of 
Anesthesiologist Task Force on Obstetric Anesthesia 
has recommended that IBS should be considered, if 
available, "in cases of intractable haemorrhage when 
banked blood is not available or the patient refuses 
banked blood"93. 

In Italy, the recently issued recommendations 
on "Peri-operative Blood Transfusion" of the 

Italian Society of Transfusion Medicine and 
Immunohaematology (SIMTI) suggest that IBS 
should be used in obstetrics for the emergency 
management of major bleeding or for cases at 
increased risk of major haemorrhage, provided a 
leucodepletion filter can be used for the transfusion 
of salvaged blood9.

In the UK, the use of blood salvage has been 
endorsed by the Confidential Enquiry into Maternal 
and Child Health4 and the National Institute of 
Clinical Excellence94. The Obstetric Anaesthetists' 
Association and the Association of Anaesthetists of 
Great Britain and Ireland identified emergency use 
(major obstetric haemorrhage at caesarean section, 
laparotomy for PPH, genital tract trauma, etc.) and 
elective use of IBS (expected haemorrhage during 
caesarean section, e.g. because of placenta praevia, 
placenta accreta, large fibroid uterus, patients who 
refuse allogeneic blood, etc.)95,96. The National Blood 
Service Working Party on Autologous Transfusion has 
labelled IBS as "the most valuable form of autologous 
transfusion" and has claimed that UK hospital trust 
managers should be encouraged to establish its use2. 

The UK Cell Salvage Action Group suggested that 
IBS should be available for obstetric cases in which 
there is the potential for massive haemorrhage97. 
These cases include: (i) emergency situations, such 
as ruptured ectopic pregnancy, and intra-partum 
or post-partum haemorrhage requiring surgical 
intervention; (ii) elective situations, such as patients 
with an anticipated blood loss of more than 1,000 mL 
(e.g. abnormal placentation, large uterine fibroids, 
and other predictable causes of major haemorrhage), 
and patients who for religious or other reasons refuse 
allogeneic blood and have consented to the use of 
IBS in bleeding situations or in significant anaemia. 

In addition, several recent review articles include 
IBS among the available therapeutic strategies for the 
management of obstetric haemorrhage3,98-102. Indeed, 
it should be remembered that uterine blood flow at 
term (750 mL/min) gives rise to potential sudden 
massive blood loss103. 

Implementation of cell salvage could also be 
considered when the loss of smaller amounts of 
blood are anticipated104. Because of the difficulty of 
accurately predicting substantial blood loss, for the 
majority of cases it would be appropriate to set up 
the IBS device in a "stand-by" mode. This "stand-
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by" mode is simply the collection system which 
includes a collection reservoir, a suction line and 
an anticoagulant. The cost of a "stand-by" set-up is 
comparable to the cost of reagents for cross-matching 
two units of allogeneic blood104. If enough blood loss 
occurs, the expensive components of the system can 
be used and blood processed13. An in-depth discussion 
concerning all the financial aspects for the provision 
of cell salvage services is well beyond the scope of 
this article, as economic analyses of cell salvage have 
already been published elsewhere105-109. However, 
although IBS is an expensive technology, once the 
capital costs of the machine are accounted for and 
the personnel trained, its cost compares favourably to 
that of allogeneic RBC, with the savings increasing as 
the RBC transfusion volume increases. Assuming that 
every salvaged blood unit replaces an allogeneic unit, 
Waters et al. showed that the average saving per unit 
was $110.54108. The implementation of a cell salvage 
programme could, therefore, be financially beneficial 
for a large, tertiary care hospital. In any case, the cost 
of the cell salvage system can be reduced through 
the use of a "stand-by" system whether the hospital 
outsources the IBS to other care providers or provides 
it through an in-house service.

Clinical data 
Indications

In the studies analysed46,76,110-135, the indications 
for IBS are generally based on well-recognised risk 
factors for obstetric haemorrhage and circumstances 
in which significant bleeding could have serious 
consequences136.  

There is now substantial experience with the use of 
IBS in obstetrics in the UK137. This technique has been 
prevalently used in elective and emergency caesarean 
sections114,116,117,120,127,130-134, also for the management a 
patient with alloantibodies against a high-frequency 
antigen (Ata)46,  a patient with Lub antibodies132, 
and a patient with β-thalassaemia intermedia and 
placenta accreta123. Its use in other cases of abnormal 
placentation (placenta praevia, accreta, percreta) 
have been reported76,111,112,122,124,125,128-132 and there 
are also descriptions of IBS in patients with sickle-
cell trait129  and in a clinical case in which IBS was 
coupled with acute normovolaemic haemodilution76. 

In several circumstances IBS was used for Jehovah's 
Witnesses76,119,121,122,124,125,128,132 and/or obstetric 

bleeding110,119,122,129.
In the series of patients reported by King and 

co-workers130, the indications for IBS included 
suspected placental abruption, multiple pregnancy, 
multiple repeat caesarean sections (three or more), 
caesarean section at full dilatation, low pre-operative 
haemoglobin (which was not defined) and cases at the 
discretion of theatre staff. Therefore, IBS was used in 
patients undergoing caesarean section whenever the 
blood loss was likely to necessitate blood transfusion. 
For some patients multiple indications were recorded 
including fibroids, high body mass index, pregnancy-
induced hypertension, adhesions and low platelet 
count. 

Parry et al. also considered IBS in patients with 
failed induction of labour and failed instrumental 
delivery131; while McDonnell et al. also used it for 
ectopic pregnancies and massive fibroids132.

A recent retrospective study showed that IBS 
was apparently used more frequently in patients 
at higher risk of obstetric haemorrhage such as 
multiparous women and subjects who had undergone 
a higher number of caesarean sections or multiple 
pregnancies. Additional risk factors for the use of cell-
saving procedures were multiple fibroids, previous 
myomectomy or PPH, medical conditions (immune 
thrombocytopenic purpura), and previous ruptured 
uterus135. 

Contraindications
The list of contraindications to blood recovery 

is extensive138. Anything that results in RBC lysis 
upon administration of the salvaged blood is defined 
as a definite or absolute contraindication104. Most 
contraindications are, however, relative and few data 
exist to support the possible danger they cause. It is 
now accepted that three areas exist where IBS needs 
to be used with caution and following necessary risk-
benefit analysis. These include blood aspirated from 
contaminated or septic wounds or obstetric/surgical 
fields, and areas of malignancy. Certain procedural 
measures reduce the amniotic fluid load to the mother 
to a minimum. These include: (i) the use of two 
suction devices to avoid aspiration of amniotic fluid 
into the collection reservoir (Figure 1); (ii) delay of 
salvage until after removal of the foetus, placenta 
and amniotic fluid139; (iii) extra washing; (iv) not 
processing partial bowls, to ensure the best washing 
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efficiency, and (v) the use of leucodepletion filters. 
Relative contraindications to IBS include sickle-

cell disease and thalassaemia104. The use of IBS in 
patients with sickle-cell disease has generally been 
avoided because the hypoxic environment of the 
reservoir was thought to result in RBC sickling and 
re-infusion of sickled blood could precipitate a sickle-
cell crisis104. However, blood films of salvaged blood 
from two patients with sickle-cell trait who underwent 
elective caesarean section showed 15-20 percent of 
sickled RBC in one patient and 20 percent altered129, 
but not sickled, in the other: transfusion of autologous 
salvaged blood was performed in both cases without 
side effects.

β-thalassemia RBC have increased rigidity and 
reduced membrane stability which may make them 
more susceptible to damage from the shear forces they 
are exposed to during IBS. Nevertheless, increased 
haemolysis was not evidenced in a case reported by 
Waters et al.123.

Effi cacy 
Over 800 IBS procedures have been documented 

in obstetrics and more than 400 patients have been 
transfused with salvaged blood (Table I)46,76,110-117,119-

135,140, to date. The data available from case reports 
on transfused salvaged blood refer to amounts 
ranging from 126 to 12,600 mL (median: 500 
mL)46,76,110,113,119,121-125,128,129,134. This is confirmed by 
six studies including almost 300 patients who were 
transfused with mean or median amounts of salvaged 
blood not exceeding 2 units114,117,120,130-132.  

An exception is represented only by a cohort of 
six patients who, in  a retrospective study, received 
a median of 543 mL of salvaged packed RBC (Table 
I)114. In 46 percent of the cell-saving procedures 
(380/826) not enough blood was lost for it be 
processed or the salvaged blood was not enough to be 
transfused (Table I). In seven large studies (Table I) 

the re-transfusion rates of autologous salvaged blood 
ranged from 36 to 100%114,117,120,126,130-132.  

Data are available on the units of allogeneic RBC 
transfused in several case reports46,76,110,113,119,121-125, 

127-129,133,134,140, but only in three of the larger studies 
published (Table I)130,132,135. 

The efficacy of IBS -defined as avoidance/
reduction of allogeneic blood use141,142- has been 
evaluated in only five studies, in which the percentages 

of patients who completely avoided allogeneic blood 
ranged from 6 to 97.1 percent114,120,130-132.

In the three-centre historical cohort study by 
Rebarber et al. only a small percentage of women 
(11/186 - 6%) completely avoided allogeneic RBC 
transfusion thanks to the transfusion of salvaged 
blood during caesarean section114. The Authors did 
not provide data to explain the large use of allogeneic 
blood in their study. Other potential flaws were 
the different models of cell saver (Haemonetics 
Corporation, Braintree, MA, USA) used over the 
9-year study period and the variables regarding 
at which point during surgery IBS was started. In 
addition, each centre had its own method for selecting 
the medical records of the patients transfused with 
salvaged blood to be matched to the controls without 
autotransfusion. This could explain the differences 
between the two groups. In fact, most of the women 
who received salvaged blood appeared to be high-
risk patients.

A much larger percentage of women avoided 
allogeneic RBC transfusion (33/34 - 97.1%) in a small 
prospective, non-blinded, randomised controlled trial 
assessing IBS carried out with the Dideco Autotrans 
BT 795 machine (Mirandola, Modena, Italy) during 
caesarean section120. In fact, a significant difference in 
allogeneic transfusion rate between the IBS group and 
the control group (2.9% versus 23.5% - p=0.01) was 
reported. This major difference is surprising143 as the 
overall incidence of allogeneic blood transfusion in 
the control group is much higher than the 1.8 percent 
reported in a recent retrospective study of 11,781 
patients undergoing caesarean section144. 

The results also revealed higher post-operative 
haemoglobin levels and shorter hospitalisation in the 
study group. The findings may be biased for several 
reasons: the threshold for post-operative allogeneic 
transfusion was not pre-defined, the proportion of 
patients with conditions normally associated with 
increased intra-operative blood loss was higher in the 
treatment group, the study was not blinded and there 
were imbalances in age, weight and haemoglobin 
level between the groups.

In the series of 46 patients reported by King et 
al.130, the Haemonetics Cell Saver 5 processed and 
returned blood to 19 patients: 74 per cent of them 
(14/19) avoided allogeneic RBC transfusion. 

Pre-operative haemoglobin was significantly 
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Table I – Clinical studies on cell salvage in obstetrics.

Year/Author/
Publication type

Number of cell-saving 
procedures (826)

Number of subjects 
transfused (446)

Re-transfusion rate 
of salvaged blood (%)

Clinical setting

1983/Keeling115/RS 43# Not stated Not stated HY, CS, AP
1988/Grimes110/CR 2 2 100 AP/PPH

1990/Zichella116/CR 8 8 100 CS

1993/Jackson117/ RS 119 64 53 CS

1996/O'Brien111/RS 5 5 100 Placenta percreta

1998/Rees119/CR 1 1 100 CS/PPH/JW

1998/Rainaldi120/Prospective 
controlled trial

34 34 100 CS

1998/Rebarber114/
Retrospective cohort

186 139 74 CS

1999/Potter113/CR 1 1 100 CS/placenta previa

2000/Oei121/CR 1 1 100 CS/JW/preeclampsia/HELLP

2002/Catling122/CR 4 4 100 Extrauterine placenta/CS
PPH
CS/JW 
CS/JW

2003/Waters123/CR 1 1 100 CS/placenta accreta/β-thalassemia 
intermedia

2003/de Souza124/CR 1 1 100 Placenta praevia/CS/JW

2004/McGurgan125/CR 1 1 100 Placenta praevia/CS/JW

2005/Boonstra46/CR 1 1 100 CS

2007/Teig126/ RS* 182 119 65 Not stated

2008/Harkness127/ RS** 7 0 0 CS

2008/Nagy76/CR*** 1 1 100 Placenta percreta/JW

2009/Araki128/CR 1 1 100 Placenta accreta

2009/Okunuga129/CR 2 2 100 Placenta praevia/JW/SCT
Placenta accreta/SCT

2009/King130/RS 46 19 41 Placenta praevia, suspected  placental 
abruption, multiple pregnancy, multiple 
repeat CS, previous PPH, refusal of blood 
transfusion, CS at full dilatation, low 
preoperative Hb, at the discretion of the 
theatre team

2009/Eller112/Retrospective 
cohort

1 Not stated Not stated Placenta accreta

2010/Parry131/RS 47 17 36 Patients at high risk of haemorrhage 
(placenta praevia, suspected  placental 
abruption, multiple pregnancy, multiple 
repeat CS, previous PPH, refusal of blood 
transfusion, CS at full dilatation, low 
preoperative Hb, at the discretion of the 
theatre team, failed induction of labour, 
failed instrumental delivery)

2010/McDonnell132/
Prospective cohort

51 21 41 Placenta praevia, CS, ectopic pregnancy, 
JW

2010/Sreelakshmi133/CR 1 1 100 CS

2010/Kessack134/CR 1 1 100 CS
continues on next page

Legend: #: includes a not stated number of exploratory laparatomies; §: the use of allogeneic blood transfusion was signifi cantly lower in patients submitted to cell 
salvage; *: survey of cell-salvage use  (includes 63 episodes of cell-salvage set-up without processing blood); **: survey of cell-salvage use; ***: combined use of acute 
normovolaemic haemodilution and cell-salvage; ****: use of standard cardiopulmonary bypass machine and transfusion of unwashed whole blood; ARDS: adult respiratory 
distress syndrome; AP: abdominal pregnancy; CR: case report; CS: caesarean section; DIC: disseminated intravascular coagulation; HY: hysterectomy; JW: Jehovah's 
witness; PPH: post-partum haemorrhage; RS: retrospective series; SCT: sickle-cell trait.
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Table I – Clinical studies on cell salvage in obstetrics (continued from previous page).

Year/Author/
Publication type

Adverse events Use of a leucocyte 
depletion fi lter

Amount (mL/unit) of autologous 
blood transfused (T) or yielded (Y) 

Units of  allogeneic 
red cells transfused

2010/Hatfi eld140/CR**** 1 1 100 Placenta accreta
2010/Malik135/RS 77 Not stated Not stated Placenta praevia, JW

1983/Keeling115/RS No No 700 mL (mean/Y) Not stated

1988/Grimes110/CR No No AP: 1,700 mL (T)
PPH: 2,200 mL (T)

None

1990/Zichella116/CR No No Not stated Not stated

1993/Jackson117/ RS No No 2 units (mean/T) Not stated

1996/O'Brien111/RS Not stated No Not stated Not stated

1998/Rees119/CR DIC (?) No 1,400 mL (T) None

1998/Rainaldi120/Prospective 
controlled trial

No No 225 mL ±18 (mean /T) Not stated§

1998/Rebarber114/
Retrospective cohort

Heparin toxicity
(n = 1)

No 250 mL (range: 125-4,750)
543 mL (range: 225-1,160)
450 mL (range: 200-11,250)

(median/T)

Not stated

1999/Potter113/CR Endomyometritis No 250 mL (T) None

2000/Oei121/CR Cardiac arrest/death No 200 mL (T) None

2002/Catling122/CR ARDS/pneumonia
Chest infection
Anaemia (n=1)

Yes 1,400 mL (T)
270 mL (T)
350 mL (T)
245 mL (T)

22
10

None
None

2003/Waters123/CR Anaemia Yes 2,250 mL (T) None

2003/de Souza124/CR No No 350 mL (T) None

2004/McGurgan125/CR No Yes 400 mL (T) None

2005/Boonstra46/CR No No 330 mL (T) None

2007/Teig126/ RS* Not stated Not stated Not stated Not stated

2008/Harkness127/ RS** No Not stated 0 None

2008/Nagy76/CR*** No No 1,769 mL (T)
+1,200 mL of whole blood***

None

2009/Araki128/CR No No 12,600 mL (T) 60

2009/Okunuga129/CR No No 126 mL (T)
1,600 mL (T)

0
6

2009/King130/RS No Yes 300 mL (range: 200-800)
(median/T)

2 in 4 patients
24 in 1 patient

2009/Eller112Retrospective 
cohort

Not stated Not stated Not stated Not stated

2010/Parry131/RS No Not stated 229 mL (range: 125-534)
(mean/T)

Not stated

2010/McDonnell132/
Prospective cohort

Hypotension Yes 359 mL (range: 60-1,300)
(median/T)

3 (mean)
(range: 2-14)

2010/Sreelakshmi133/CR Hypotension Yes 1,000 mL (Y) 10

2010/Kessack134/CR Hypotension Yes 600 mL (T) 9

2010/Hatfi eld140/CR**** Post-bypass bleeding No 2,500 mL**** (T) 5

2010/Malik135/RS No Yes 95.5 mL (range: 0-1,800)
(mean/Y)

13 units (total number/T)

31 (total number)

Legend: #: includes a not stated number of exploratory laparatomies; §: the use of allogeneic blood transfusion was signifi cantly lower in patients submitted to cell 
salvage; *: survey of cell-salvage use  (includes 63 episodes of cell-salvage set-up without processing blood); **: survey of cell-salvage use; ***: combined use of acute 
normovolaemic haemodilution and cell-salvage; ****: use of standard cardiopulmonary bypass machine and transfusion of unwashed whole blood; ARDS: adult respiratory 
distress syndrome; AP: abdominal pregnancy; CR: case report; CS: caesarean section; DIC: disseminated intravascular coagulation; HY: hysterectomy; JW: Jehovah's 
witness; PPH: post-partum haemorrhage; RS: retrospective series; SCT: sickle-cell trait.
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lower in the 26 percent of women who received 
both processed and allogeneic blood. Blood loss and 
pre-operative haemoglobin levels appear to be major 
factors affecting the re-infusion of salvaged blood. 
The preliminary data from this study (reduction 
of the percentage of all theatre cases receiving 
allogeneic transfusion for the equivalent period in 
the preceding year) seem to suggest that IBS might 
have an impact on the number of patients needing 
allogeneic blood, although the association was not 
statistically significant. 

The percentage of patients who did not receive 
allogeneic RBC transfusion thanks to IBS was slightly 
higher (14/17 - 82%) in an audit reported by Parry and 
collaborators who avoided the use of an estimated 14 
units of allogeneic RBC131.

In a prospective cohort study carried out over a 
28-month period, blood salvaged with a Cell Saver 
5 was re-transfused into 21 women and 33.3 percent 
of them (7/21) avoided allogeneic RBC132. Also in 
this study blood loss and pre-operative haemoglobin 
levels differentiated the patients who did and those 
who did not receive salvaged blood; 79 percent 
of the women who did not avoid allogeneic RBC 
transfusion (11/14) had a pre-operative haemoglobin 
concentration lower than 120 g/L.

In the above studies, 79 out of 277 (28.5%) patients 
avoided allogeneic RBC transfusion. However, only 
limited, not significant conclusions can be drawn on 
the impact of IBS on the consumption of allogeneic 
blood supply, due to the small number of patients 
included in the studies and to their variability. 

In 2007, Fong et al. sought to determine to 
what extent intra-operative salvaged RBC might 
theoretically reduce exposure to appropriately 
transfused allogeneic erythrocytes in a retrospective 
cohort case-control study of almost 12,000 patients 
who underwent caesarean section144. Though no power 
analysis was carried out, had IBS been performed, the 
exposure to allogeneic blood could have been reduced 
in 48.6 percent of patients. Theoretically, based on 
best, average, and worst RBC recovery scenarios, 
25.1 percent, 21.2 percent, and 14.5 percent of the 
appropriately transfused patients, respectively, could 
have completely avoided allogeneic RBC transfusion. 

Unfortunately, a randomised controlled trial to 
establish the efficacy of IBS in caesarean sections 
still needs to be undertaken and would need to recruit 

approximately 4,500 caesarean deliveries to be 
adequately powered to detect a 33 percent proportional 
reduction of the use of allogeneic blood141,142.

Safety
Despite the concerns on the risks of amniotic fluid 

embolism (AFE) and Rhesus immunisation, many 
studies46,76,110-135, mainly retrospective series and case 
reports, have been carried out on obstetric patients. 
Some of them were large series of heterogeneous 
patients including obstetric subjects115,118, other 
clinical studies combined quality control of shed 
blood115,116,120,129,132. 

The current available literature focuses mainly on 
safety with limited information about the outcomes of 
the patients treated114. No complications as a result of 
salvaged blood were reported in most of the studies.

In 1983, a retrospective review of 725 mainly 
cardiovascular patients, also included an unstated 
number of ectopic pregnancies and caesarean 
sections among the subgroup of 43 miscellaneous 
patients115. In no case was mortality or morbidity 
attributed to autologous blood transfusion and no 
evidence of major coagulopathy, systemic sepsis, air 
or particulate embolism or renal failure was detected.  
A retrospective database review of over 36,000 cases 
of IBS from 1978 to 1996 included an indefinite 
number of obstetric-gynaecology patients118. Overall, 
"some bleeding and minor clotting disorders or 
abnormalities were not uncommon", though the 
authors did not specify what they meant by "minor 
clotting disorder". The incidence of disseminated 
intravascular coagulation (DIC) and adult respiratory 
distress syndrome (ARDS) was 0.05 percent. All 
the 18 deaths occurred in non-obstetric patients and 
were not attributed to IBS, but were the result of 
a complex interaction of shock, hypothermia and 
massive transfusion.

The retrospective multicenter study by Rebarber 
et al. was the first to assess the safety of IBS during 
caesarean section and revealed no statistically 
significant differences between the autotransfused 
patients and the group receiving allogeneic blood 
transfusion only114. The outcome variables analysed 
were duration of post-partum hospitalisation, need 
for ventilator support, occurrence of DIC and rate of 
post-operative infections. No case of ARDS or AFE 
was identified in either group.
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In the cases of abnormal placentation the 
procedure showed a good level of safety and 
usefulness in recent retrospective series130 and 
prospective cohort studies132, and in several case 
reports76,124,128,129,134. The side effects reported in these 
patients, who recovered fully, do not seem directly 
linked to IBS. They included: (i) endomyometritis, 
attributed to an inability to express the uterus at the 
end of the surgical procedure113; (ii) post-operative 
ARDS and staphylococcal pneumonia, in a patient 
who was also massively transfused with allogeneic 
blood components122; (iii) moderate anaemia in a 
patient with β-thalassaemia intermedia123; and (iv) 
unexplained hypotension during the intra-operative 
transfusion of salvaged blood during a complex 
operation for placenta percreta132. 

Very recently a case of placenta accreta was 
successfully managed with caesarean hysterectomy 
and an unconventional approach of synchronous 
autotransfusion using a standard cardiopulmonary 
bypass machine140. The patient was not placed on 
bypass and the suction devices of the machine 
aspirated blood from the surgical field, avoiding 
amniotic fluid. The unwashed blood was filtered 
through a microaggregate filter prior to reinfusion 
and no side effect  was reported.

Other reported side effects include DIC119, which 
was described in a case report in which the reinfused 
blood might have been one of the several factors 
contributing to the coagulopathy, a presumptive case 
of heparin toxicity reversed with protamine sulphate 
administration114, in a case in which a large volume 
of salvaged blood (45 units) was reinfused, and  two 
additional cases of hypotension associated with the use 
of leucodepletion filters for the transfusion of salvaged 
blood133,134. The physical characteristics of the filter 
might have been implicated in the development of 
hypotension through the production and release of 
bradykinin, but, unfortunately, in neither case was 
transfusion attempted without filtration145.

In 2009, three cases of clinical adverse events, all 
regarding hypotensive reactions related to re-infusion 
of blood salvaged intra-operatively, were included 
in the Serious Hazards Of Transfusion (SHOT) 
report. Common factors in two cases were the use of 
acid-citrate-dextrose as an anticoagulant and the use 
of a leucodepletion filter during re-infusion of the 
salvaged blood146.

The above case reports and the SHOT seem to 
provide circumstantial evidence that leucodepletion 
filters may occasionally cause hypotension. However, 
more robust data from haemovigilance studies are 
needed to change the current recommended practice 
of using these filters to remove foetal contaminants9,94. 
In the UK, a national survey of obstetric cell salvage 
availability was endorsed in 2010 by both the Cell 
Salvage Action Group and the Obstetric Anaesthetists' 
Association147. It is to be hoped that further data on 
the real spread of IBS in obstetric units, on the use 
of leucodepletion filters and on associated problems 
will be available in the near future.

Theoretically, the greatest fear accompanying 
amniotic fluid contamination is its potential to 
cause iatrogenic AFE96. However, the only fatal 
obstetric case was published in 2000 and, although 
clinically attributed to AFE by the authors121, 
this death has not generally been accepted in the 
literature as secondary to AFE as the patient was 
at high risk in terms of obstetric co-morbidity and 
not enough information was provided to determine 
whether the salvaged blood, filtered or not, had 
any causal role16.

The contamination risk of salvaged blood
Salvaged blood in obstetrics can be contaminated 

by bacteria, amniotic fluid and foetal blood148.

Bacterial contamination
Bacterial contamination of cell salvaged blood 

appears to be common. Several studies in different 
fields of surgery have reported bacterial contamination 
in cases of IBS with a frequency of positive blood 
cultures ranging from 3 to 97% based on the different 
kinds of surgery149-154. This indicates that the cell saver 
itself can be insufficient to remove contaminating 
bacteria from the processed blood. However, limited 
or absent clinical signs or laboratory findings of 
bacteraemia were found in the patients who received 
the culture-positive autologous blood. 

In this regard, several experimental studies have 
shown the role of some types of leucodepletion 
filters in reducing bacterial load in deliberately 
contaminated blood155,157. Waters et al. found a 
significant (97.6%-100%) removal of inoculated 
bacteria by cell salvage washing and leucocyte 
depletion filtration of contaminated blood158. 
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More recently, it was suggested that the capacity 
of an additional leucodepletion filter to eliminate 
bacterial contaminants of shed blood during 
orthotopic liver transplantation might help to reduce 
the post-operative bacterial infections159.

Four possible mechanisms have been proposed 
to explain the removal of bacteria by leucodepletion 
filters154,160-162: (i) complement-mediated bacterial 
killing enhanced by filtration, (ii) adherence of 
bacteria to leucocyte surfaces retained within the 
filter, (iii) the deformability of infected cells and the 
disintegration of cells in the filter, and (iv) direct 
removal of bacteria by the filter media. It is likely that 
more than one mechanism accounts for the reduction 
of bacteria in contaminated blood.

At present, the importance of any remaining 
bacteria is unknown148. Broad-spectrum antibiotics 
are routinely used to manage the bacteraemia 
commonly related to most surgical procedures. 
Several studies have suggested that these drugs can 
provide additional safety when contaminated blood 
is re-infused153,163,164.

In obstetrics, bacterial contamination in post-
wash, unfiltered samples has been found to be 
minimal and clinically irrelevant120,165, and leucocyte 
depletion filtering of cell-salvaged blood obtained 
from women undergoing caesarean section has 
been shown to reduce significantly, among the other 
particulate contaminants, bacterial contamination166.

Amniotic fl uid embolism and alloimmunisation
Selecting specific parameters, several laboratory-

based studies have focused on quality control of 
recovered blood in order to address the two main 
safety concerns regarding the use of salvaged and 
washed RBC in obstetrics (Table II)115,116,120,132,165-172: 
AFE and alloimmunisation. Most of the in vitro 
clearance studies analysed salvaged and processed 
blood without returning it to the patient as a 
preliminary process prior to its possible routine use 
in clinical practice120,132,165-172. 

Quality control of the re-infused blood was only 
performed in three studies and included: (i) haematocrit, 
haemolysis and bacterial contamination115; (ii) 
coagulant activity and phosphatidylglycerol116; and 
(iii) a search for sickled RBC129.

Amniotic fl uid contamination
AFE remains one of the greatest enigmas in 

obstetrics173. The presence of cells of foetal origin 
in maternal blood was regarded as a marker of AFE, 
but foetal cells and amniotic fluid material can be 
commonly found in the maternal circulation166,173-177. 
AFE is no longer regarded as an embolic disease and 
seems to be a rare anaphylactoid reaction to the foetal 
antigen rather than a predictable response to exposure 
to amniotic fluid178. In 1995, Clark and co-workers 
suggested that AFE was more of an immunological 
than embolic phenomenon and recommended that 

Table II - Overview of laboratory parameters  analysed in the studies on cell salvage in obstetrics.

Year/Author Quality control of shed blood

1983/Keeling115 Bacterial contamination, haematocrit, visual haemolysis check
1989/Durand165 2,3-DPG, ATP, bacterial contamination, blood and plasma viscosities, erythrocyte deformability and morphology, foetal 

cells, haemolysis 
1990/Zichella116 Coagulant activity (PT), phosphatidylglycerol
1991/Thornhill168 α-foetoprotein, foetal squamous cells, lanugo hair, trophoblasts, vernix caseosa
1996/Fuhrer169 α-foetoprotein, foetal cells, Kleihauer test*, tissue factor
1997/Bernstein170 Tissue factor
1998/Rainaldi120 Bacterial contamination, foetal haemoglobin, foetal red blood cells, foeto-placental material, haemolysis, procoagulant 

activity
1999/Catling171 α-foetoprotein, foetal squamous cells, fetal red cells, lanugo hair, leucocytes, trophoblasts
1999/Fong167 α-foetoprotein, haemoglobin, haematocrit, haemolysis, Kleihauer test, lanugo hair, squamous cells, vernix caseosa
2000/Waters166 Bacterial contamination, foetal haemoglobin, K+, lamellar body, squamous cells 
2008/Sullivan172 α-foetoprotein, foetal red cells, full blood count, heparin, squamous cells 
2009/Okunuga129 Blood fi lm microscopy (search for sickled cells)
2010/McDonnell132 α-foetoprotein, haematocrit, haemolysis, K+, Kleihauer test
Legend:
ATP: adenosine triphosphate; 2,3-DPG: 2,3-diphosphoglycerate; PT: prothrombin time; K+: potassium ion; *: not performed due to haemolysis of sample. 

 

Autologous blood and obstetrics

Blood Transfus 2012; 10: 125-47  DOI 10.2450/2011.0010-11



136

the name of the syndrome should be changed from 
AFE to "anaphylactoid syndrome of pregnancy"179. 
Risk factors have now been more clearly identified 
and include age, ethnic group, induction of labour 
and caesarean delivery180,181. The pathophysiology 
of the condition remains controversial, as does the 
question of which, if any174,175,179, of the components 
of amniotic fluid might be the primary trigger, 
and even whether amniotic fluid has a role at all15. 
However, it has been assumed that in order for 
"spontaneous" AFE to occur there must be a breach 
in the physical barriers between the maternal and 
foetal compartments182. Therefore, rigorous quality 
control of IBS, as suggested in the recently issued 
Peri-operative Standards183, is necessary to provide a 
safe blood product and to reduce the risk to the mother 
of an "iatrogenic" AFE, caused by the presence of 
foetal contaminants in re-infused salvaged blood.  

The reported incidence of AFE is low and 
varies 10-fold between 1.3 and 12.5 per 100,000 
pregnancies8,180,181,184. It is not an easy task to prove 
the complete safety of IBS with regards to the 
theoretical risk of AFE: a prospective randomised 
study with a power of 80% to show that IBS is 
not likely to increase this incidence 5-fold would 
require a population of 27,400 to 264,000 patients. 
These figures would become, respectively, 35,400 
and 340,500 if the power of the designed trial were 
to be set at 90%. Therefore, to assess the degree 
of contamination of salvaged blood by possible 
aetiological triggers of AFE, surrogate markers 
for the various components of amniotic fluid were 
measured116,120,132,165-172. However, none of the current 
methods of detection of elements of amniotic fluid 
has a 100 percent sensitivity16.

Studies carried out with different cell saver 
instruments yielded different results. In 1989, Durand 
et al. were unable to remove all the foetal debris 
from salvaged blood165. Other studies showed that 
salvaged blood contained only a small amount of 
phosphatidylglycerol due to haemolysis and did not 
have coagulant activity116, or that α-foetoprotein 
was undetectable in all post-wash samples while 
squamous cells were reduced but still present168.

In 1996, despite the use of a separate suction 
device to avoid the aspiration of amniotic fluid, 
α-foetoprotein and tissue factor were not fully 
eliminated169. In contrast, different instruments 

completely eliminated tissue factor activity170, 
coagulant activity and squamous cells120, and reduced 
α-fetoprotein to below the lower limits of detection167.

In 1999, the efficacy of a leucodepletion filter 
(Pall RC 100, Pall Biomedical, Portsmouth, UK) in 
removing the various components of amniotic fluid 
from salvaged blood was examined for the first time171. 
α-foetoprotein was significantly reduced in post-wash 
samples but unchanged following filtration, while 
leucocytes and trophoblasts were completely absent 
in post-filtration samples. Filtration was not effective 
in removing squamous cells from almost half of the 
post-filtration samples. 

Different results were reported by Waters et al.166 

using the same cell saver and a newer generation 
filter (LeukoGuard RS, Pall Biomedical Products Co., 
East Hills, NY, USA)185,186. A significant reduction of 
squamous cells and of lamellar body concentration 
was obtained. Potassium levels were also significantly 
lower in the post-filtration samples. The marked 
difference in the clearance of squamous cells between 
these studies can be really attributed to the use of 
different filters, which vary in design features such 
as fibre diameter and charge15.

The efficiency of the above-mentioned 
leucodepletion filter was confirmed in 2008, using 
only one sucker172, and in 2010, using the two-sucker 
technique, as the vast majority of units currently do132.

The differences between the results of the reported 
studies may be due to differences between cell saver 
devices, sizes of processing bowls, amounts of saline 
wash, and degree of technical expertise in using the 
devices10. Many of the above reports do not contain 
sufficient information to evaluate these differences. 

Notwithstanding their heterogeneity, most studies 
reported on consistently/significantly decreased 
concentrations of contaminants. However, as the 
non-cellular fraction is greatly reduced in processed 
salvaged blood, the total content of contaminants 
is further reduced. Therefore, IBS yields RBC 
substantially lacking protein elements of amniotic 
fluid132,167-169,171,172, without significant bacterial 
contamination115,120,165,166, with a consistent removal 
of free haemoglobin and potassium120,166,167, and with 
a debris concentration equivalent to that of maternal 
venous blood166. Undoubtedly, leucodepletion 
filtering of salvaged blood prior to transfusion is a 
consistent and significant step towards safety.
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Blood Transfus 2012; 10: 125-47  DOI 10.2450/2011.0010-11



137

Red blood cell contamination
A combination of cell-salvage washing and 

filtration appears to produce a blood product 
comparable to the original maternal blood, with the 
exception of the contamination by foetal RBC120,132,165-

167,171,172. In fact, despite the addition of leucodepletion 
filters to improve the clearance of amniotic fluid, the 
cell saver cannot differentiate foetal from maternal 
RBC, and so maternal alloimmunisation remains 
a real risk. Any aspirated foetal erythrocyte still 
present in the final product is re-transfused into the 
maternal circulation and this could increase the risk 
of maternal alloimmunisation in cases of RBC antigen 
incompatibilities between mother and foetus. 

An early study by Durand et al. showed little 
modification of the physical (deformability and 
morphology) and chemical (adenosine triphosphate 
and 2,3-diphosphoglycerate) properties of RBC165, 
but an increase in plasma haemoglobin levels and 
contamination of foetal erythrocytes in the recovered 
blood close to 1 percent in seven out of 15 cases. A 
Kleihauer test was not carried out for haemolysis 
of samples in the 20 patients studied by Fuhrer and 
collaborators169. Rainaldi et al. found that the level 
of foetal haemoglobin was 1.8-2 percent in three of 
the 15 samples they analysed120. The Kleihauer test 
was positive in all ten samples analysed by Fong and 
collaborators167. Similarly, in other studies foetal RBC 
were still present in the final product132,166,171,172.

The contamination of salvaged blood by foetal 
Rh-mismatched erythrocytes can be dealt with 
using anti-D immunoglobulin. The dose of anti-D 
immunoglobulin required to prevent Rhesus 
immunisation can be calculated based on the 
volume of foetal RBC transferred to the mother. 
The volume of foetal RBC transferred by IBS is 
1-5 mL120,166,167. In a study carried out by Catling 
et al. the maximum foetal blood volume mixed 
with the maternal cell saved volume was about 19 
mL (range, 2-19 mL)171, requiring 500-2,500 IU of 
anti-D. A dose of 500 IU of anti-D immunoglobulin 
given to every D-negative woman with no preformed 
anti-D within 72 hours of delivery of a D-positive 
baby would be sufficient to prevent sensitisation 
from a bleed of up to 4 mL of foetal red cells187. It 
is, therefore, important that the volume of foeto-
maternal haemorrhage is promptly and accurately 
assessed so that, if necessary, a supplementary dose 

of anti-D immunoglobulin can be administered and 
maternal alloimmunisation prevented188. In the UK, 
the techniques most commonly used for the screening 
and quantification of foeto-maternal haemorrhage 
are the acid elution method, a modification of the 
Kleihauer-Betke test, and flow cytometry188. In 
contrast, flow cytometry services for this function are 
available in relatively few hospital laboratories in the 
USA because of logistic and fiscal impediments189. 
Any confirmed foeto-maternal haemorrhage of 4 
mL or more is considered to be significant and a 
follow-up of maternal sample should be checked for 
clearance of foetal cells, to confirm that the anti-D 
immunoglobulin has been given. 

Clinically relevant antibodies can be formed to 
other RBC antigens and be implicated in haemolytic 
disease of the newborn (e.g. anti-K, anti-c, anti-Fya, 
and anti-Jka)190. The significance of foetal RBC 
contamination is still unstudied166, but the risk of 
alloimmunisation has been estimated to be similar to 
that present in a normal vaginal delivery3. 

ABO mismatch tends to be a minor problem in 
comparison to Rh mismatch since ABO antigens are 
not fully developed at birth. 

Only some of the studies analysed specifically 
assessed the degree of foetal RBC contamination of 
salvaged blood and maternal alloimmunisation was 
never reported.

The risk of maternal alloimmunisation by 
allogeneic blood transfusion is much greater than 
that caused by foetal RBC. Finally, although IBS 
may increase the total dose of anti-D needed, it is the 
bleed/surgical intervention, not the salvaged blood, 
that is the source of the initial exposure142.

European regulatory requirements 
and intra-operative cell salvage

The Directive 2002/98/EC of the European 
Parliament and the Council of the European Union 
set comprehensive standards for the quality and safety 
for the collection, processing, storage and distribution 
of human blood and blood components191. The three 
(daughter) Commission Directives, 2004/33/EC192, 
2005/61/EC193 and 2005/62/EC194, implemented 
Directive 2002/98/EC as regards certain technical 
requirements for blood and blood components, 
traceability requirements and notification of serious 
adverse reactions and events, community standards 
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and specifications relating to a quality system for 
blood establishments195.

European regulations for peri-operative cell 
salvage regard only the commercialisation of cell 
salvage devices196 (Council Directive 93/42/EEC197, 
amended by directive 2007/47/EC of the European 
Parliament and of the Council198), the general product 
safety199, and the liability for defective products (as 
provided for by Council Directive 85/374/EEC)200. 

However, these recent European regulatory acts in 
the field of blood transfusion do not actually take into 
consideration the clinical use of blood components 
as the Community's legislative framework does not 
include the therapeutic use of blood components195,201. 

The European Directives legislate principally 
for allogeneic transfusion, but there are several 
references to "autologous donation" and  "autologous 
transfusion". Although in general they require the 
same standards for allogeneic and autologous blood, 
they do include additional ways of collecting and 
using autologous blood8. 

The use and development of strategies to 
prevent and reduce bleeding, and the promotion 
of the use of alternatives to allogeneic transfusion 
are included among the principles of the European 
Recommendation Rec (2002) 11202. 

Accord ing  to  the  Counc i l  o f  Europe 
Recommendation No. R (95) 15 on the preparation, 
use and quality assurance of blood components203, 
autologous transfusion techniques were designed 
to avoid the risk of alloimmune complications of 
blood transfusion and reduce the risk of transfusion-
associated infectious complications. Red cell salvage 
during surgery is one of the means of autologous 
transfusion and can be used in those procedures in 
which substantial blood loss is expected. It does 
not allow the storage of the collected blood and 
is usually performed under the responsibility of 
anaesthesiologists and/or surgeons203.

In Italy, the "new discipline for blood transfusion 
activities and national production of blood 
derivatives", introduced in 2005 with national law 
No. 219 of 21 October 2005204, requires that Blood 
Transfusion Centres (in Italy all public by law) 
coordinate and set up peri-operative blood salvage 
activities. In accordance with the law, through the 
voluntary standards of transfusion medicine205, the 
Blood Transfusion Centres are given the task of co-

ordinating and organising IBS, while the anaesthetist 
is responsible for its management in the operating 
theatre.

This technique can also be used in private health 
facilities in which responsibility lies with both the 
anaesthetist and the medical director of  the facility, 
and is regulated under the Health Ministry Decree 
Law of 1 September 1995206.

Lastly, as far as concerns the prevention and 
management of bleeding risk in operations in which 
consistent blood loss is foreseen, the Italian Health 
Ministry simply suggests adopting "a system for peri-
operative blood salvage and utilising a device for the 
rapid infusion of fluids"207. 

In Europe, therefore, the clinical use of allogeneic 
or autologous blood is more subject to voluntary 
professional standards, professional judgment and 
guidelines issued by scientific societies such as the 
British Society of Haematology8,50,208,209, the Spanish 
Society for Blood Transfusion210,211, and SIMTI9,212.

There is also a lack of regulations regarding the 
products yielded by the devices196. In this regard, 
consideration should be given to the provisions 
of Directive 2005/62/EC194, stating that "in order 
to ensure the highest quality and safety for blood 
and blood components, guidance on good practice 
should be developed to support the quality system 
requirements for blood establishments taking fully 
into account the detailed guidelines referred to in 
Article 47 of Directive 2001/83/EC213  so as to ensure 
that the standards required for medicinal products are 
maintained". 

Although the current standard requirements for 
RBC units suggested in the recommendations of the 
European Council include the level of haemolysis 
(below the threshold of 0.8% of the red cell mass 
at the end of storage)203, there are no official 
European quality standards for autologous blood 
obtained during IBS and this may be a matter of 
concern for clinicians. In Italy, SIMTI transfusion 
medicine standards require that "the co-ordination 
and organisation of autologous transfusion activities 
except predeposit should also comprise interventions 
aimed at assessing both the quality and safety of blood 
products deriving from the peri-operative cell salvage 
procedures (e.g. excess activation of coagulation 
factors, excess haemolysis, contaminants from the 
surgical field)205. Although quality oversight of cell 
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salvage procedures is not currently mandatory, it 
could represent a strategic tool for both patients' 
safety and for understanding and monitoring serious 
adverse reactions and events. Thus, the adoption of 
voluntary standards and good practice guidelines for 
peri-operative cell salvage procedures are priority 
steps in order to comply with European Directives 
on transfusion safety, quality and haemovigilance. In 
this regard, the SHOT Group is continuing to gather 
all cases related to autologous transfusion, including 
cell salvage incidents collected in collaboration with 
the UK Cell Salvage Action Group146. 

Conclusions
IBS is the most practical, effective and useful 

blood conservation technique in obstetrics. PABD 
and ANH have extremely limited roles in current 
clinical practice and should really be reserved for 
exceptional circumstances after a well-conducted 
risk-benefit analysis. 

The role of cell salvage as a blood-saving 
measure in obstetrics is progressively acquiring 
relevance thanks to the growing body of evidence 
regarding its quality and safety coming from over 
800 documented procedures and more than 400 
patients transfused with salvaged blood. Although 
information about the outcomes of the patients 
treated and the allogeneic blood-saving effect is still 
limited, modern cell savers remove most particulate 
contaminants and leucodepletion filtering of salvaged 
blood prior to transfusion adds further safety to this 
technique. Moreover, AFE is no longer regarded 
as an embolic disease and it has been suggested 
that it is a rare anaphylactoid reaction to the foetal 
antigen. Contamination of salvaged blood by foetal 
Rh-mismatched erythrocytes can be dealt with by 
using anti-D immunoglobulin. ABO incompatibility 
tends to be a minor problem since ABO antigens 
are not fully developed at birth. Antibodies can be 
formed against other foetal red cell antigens, but it 
should also be noted that, although to the best of the 
knowledge of the authors, evidence from comparative 
studies is still lacking, there is probably a higher risk 
of alloimmunisation of the mother from allogeneic 
transfusion.

Despite potential drawbacks, there is a growing 
body of evidence to support the safety of cell salvage 
in obstetrics and the larger studies available show 

that at least one to two units of autologous blood 
can be yielded through IBS. Though the overall 
quality of evidence is poor, there are probably several 
concomitant reasons for the renewed interest in the 
use of IBS in obstetrics: research and refinement of 
equipment15, the growing awareness of possible future 
shortages of allogeneic blood89,90, and the frequency of 
the risk factors associated with obstetric haemorrhage 
and of conditions increasing the risk of bleeding4,214, 
such as abnormal placentation.

Furthermore, the use of IBS in obstetrics is 
supported by national bodies and scientific societies 
and is increasing also thanks to the fact that to date, 
though large prospective trials of IBS in obstetrics are 
lacking, no single serious complication leading to poor 
maternal outcome has been directly attributed to this 
simple and effective method of blood conservation15.

Given the significant costs and the relatively 
low likelihood of re-transfusion, where a service for 
other specialties is already provided, consideration 
should be given to extending this service to obstetric 
patients132. In the case of a low rate of blood salvage 
procedures, operator competency may be an issue 
and the risk of error is increased. The logistics of 
providing this infrequent service are, therefore, 
challenging and may contribute to the risk of error.

The routine use of IBS is not justified in 
uncomplicated emergency or elective caesarean 
section. On the contrary, it should be considered for 
emergency use (major haemorrhage during caesarean 
section, laparotomy for PPH, genital tract trauma, 
placental abruption, ruptured ectopic pregnancy) or 
elective use (expected major haemorrhage during 
caesarean section [placenta praevia, placenta accreta, 
placenta percreta], large/multiple uterine fibroids, 
multiple pregnancies, previous ruptured uterus or 
PPH, patients with significant pre-operative anaemia 
or thrombocytopenia and women who do not have 
allogeneic compatible blood available or refuse it). 

All the above indications can be considered 
relative. The methodological strength of supporting 
evidence is weak as they are mainly based on results 
from observational or retrospective studies and case 
reports and only one randomised controlled trial 
with important limitations120. Therefore, alternative 
approaches in managing patients under certain 
circumstances could be suitable in some cases, and 
alternative therapeutic options in others. 
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Although recent evidence shows that blood can 
safely be salvaged from the beginning of suction, 
as long as a leucodepletion filter is used172, when 
practical amniotic fluid should be removed by a 
separate suction device. A leucodepletion filter 
should be used for re-transfusion unless the salvaged 
blood must be reinfused under pressure or there 
is unexplained hypotension shortly following                  
re-infusion215. 

In conclusion, although the use of IBS in 
combination with a leucodepletion filter appears to be 
safe in obstetrics, the wide ranges of the percentages 
of patients avoiding allogeneic blood (6-97.1%) and 
of the rates of re-infusion of salvaged blood (0-100%) 
are clear indicators of the need for more appropriate 
use and shared indications in this clinical setting.

Larger and adequately powered obstetric studies 
are needed to define the impact of this technique on 
the consumption of allogeneic blood and on several 
outcome variables, including alloimmunisation rates 
in recipients. Furthermore, a good benefit versus risk 
assessment should be conducted in the individual 
patient before using IBS and giving salvaged 
blood and traditional transfusion triggers should be 
applied132.

Keywords: autologous blood, pre-operative 
autologous blood donation, acute normovolaemic 
haemodilution, intra-operative cell salvage, safety.
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