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Summary. Background and aim of the work: We aimed to compare Postoperative Blood Salvage (PBS) with
Allogeneic Blood Transfusion (ABT) in patients undergoing Total Hip and Knee Arthroplasty (THA, TKA).
Methods: A bibliographic research was carried out in order to review the literature dedicated to postoperative
blood salvage in major orthopaedic surgery, excluding papers dealing exclusively with preoperative autologous
donation, intraoperative blood salvage and ABT. PBS and ABT were compared according to complications,
costs and duration of hospitalization. PBS effectiveness in reducing ABT was also assessed. Resu/ts: PBS
system is useful for reducing the complication rate and the length of hospital stay if compared to ABT. Costs
for the reinfusion of unwashed shed blood, washed blood, and allogeneic transfusion are controversial among
the different authors. Several papers demonstrate that PBS significantly reduces the need of postoperative
ABT in both THA and TKA, while there is low evidence that PBS does not affect the risk of surgical wound
complications. To reduce potential risks related to PBS, including non-hemolytic febrile reaction, the reinfu-
sion of saved blood should begin within 4-6 hours after the start of collection through the wound drainage.
Conclusions: According to literature, PBS appears to be a valid alternative to ABT, which is the standard
treatment for postoperative anemia in THA and TKA. Contraindications to PBS must be ruled out before
recommending it to patients undergoing major orthopaedic procedures. (www.actabiomedica.it)
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During these procedures, bleeding inevitably oc-
curs and might persist for some hours during the post-

Total hip arthroplasty (THA) and total knee
arthroplasty (TKA) are commonly performed in or-
thopaedic operating theaters as a consequence of the
growing age of the population. It has been estimated
that every year about 1.000.000 patients undergo THA
and 800.000 patients undergo TKA worldwide (1,2).
In Italy, THAs and TKAs amount to about 57.000 and
45.000 per year, respectively (3).

operative period with possible clinical implications (4).
It has been reported that the mean volume of blood
loss in the intra-operative period can exceed 500 ml
for THA and 350 ml for TKA, while the average blood
loss in the post-operative period can reach 750 ml af-
ter THA and 800 ml after TKA (4,5).

According to Rao et al., 36,7% of patients oper-
ated of THA receive an Allogeneic Blood Transfusion
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(ABT) with an average of 1,4 transfused units for each
patient; in TKA 19,2% of the patients need an ABT
with an average of 1,6 units per patient (6).

Even if blood transfusions have never been safe
as today and check-up examinations are carried out
on each blood bag, transfusion remains a procedure
not totally exempt from risks (7). Among the most
frequent causes of death for ABT is the acute hemo-
lytic reaction occurring after the administration of
ABO incompatible units. This incompatibility is often
the consequence of identification errors made during
the taking of a blood sample from a patient or during
the transfusion (8). Unlike the infectious complica-
tions, that have rarely occurred during the last decade,
a trend in decrease for these errors has not been ob-
served (9, 10).

There is also the danger of a global blood short-
age. The worldwide requirement, even if estimates
change from country to country, is about 7.500.000
liters of blood per year. By 2030 it has been estimat-
ed that there will be a lack of 4.000.000 units (about
2.000.000 liters) in the United States. It’s essential to
remember that blood is the result of charitable contri-
bution and not of trade: we have the task to utilize it
well and not waste it (11).

All these reasons have pushed and promoted the
research on blood sparing surgery. This topic involves
surgical techniques, diagnostic devices, pre and post-
operative procedures that can help in reducing ABT.
Back in the 60s, the surgeon Denton Cooley per-
formed one of the first open-hearth operations with-
out the use of blood. During the 70s, when hepatitis
cases among transfused patients increased, the search
of alternatives to transfusions began to take place (12).
Anyway the history of the medicine without blood is
inevitably connected to the events of Jehovah's Wit-
nesses that refuse transfusions because they consider
a sin the other people’s blood insertion in own body
(13).

Autologous blood transfusion, described about 100
years ago for the first time, is one of the therapies that
is part of this alternative medicine (14). Pre-surgical
autologous donation, intraoperative blood salvage and
postoperative blood salvage (PBS) are procedures that
have been introduced in the clinical practice with the
aim of reducing the recourse to ABT.

The pre-operative autologous donation is an autono-
mous blood transfusion technique where the patient,
during the weeks previous to the surgical operation,
donates blood to himself. Blood is gathered in appro-
priate bags, it is conserved in fixed-temperature refrig-
erators (blood banks) and will be transfused to the pa-
tient, if it will be necessary, during or after the surgical
operation (15.) To realize preoperative autologous do-
nation, the patient should have a hemoglobin level of
at least 11 g/dl and be in physical conditions to permit
the donation. The last preoperative donation should
precede the operation of 72 hours at least to ensure the
patient’s return to a normovolemic state (15). In addi-
tion to these limits, pre-surgical autologous donation
has to deal with blood storage problems and the unex-
pected delays of the surgical operations that can invali-
date autologous blood for use. This procedure is also
expensive, both in economic terms and in time terms,
for hospital staff but for patients too (4). Patients must
often employ two or three half days before the opera-
tion to go to the blood bank, they must be exposed
to screening for the bloodletting and go back home
(16). Another aspect to consider is that the majority
of patients addressing to THA and TKA operations
are aged and anemic: for this reason the pre-surgical
donation of a quantity of blood that results sufficient
to satisfy their need during the operation is not always
possible (5). The pre-operative auto-donated blood
is often transfused like whole blood and this causes,
especially in elderly patients, a major risk of circula-
tory overload (17). Moreover, approximately 50% of
patients that have given their blood in the preoperative
phase are anemic the day of the operation, increasing
for this reason the risk to receive a postoperative ABT
(18). We also have to considered and reflect about the
wastefulness of blood taken in preoperative phase. For
about 40-70% of patients that subject themselves to
this technique, just a part of the pre-donated blood is
actually reinfused. In addition, this blood is safe just
for a certain period of time and it’s not suitable to be
transfused to other patients (16, 19). The result is that
about 28 to 45% of the pre-donated blood is not used
(17). The pre-donated blood, being gathered with oth-
er blood bags till the moment of the possible transfu-
sion for the operation, is not totally exempt from risks
of error in the assignment to the wrong patient. For
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this reason it has the same ABO incompatibility risk of
the ABT (17,18). In the end, the pre-surgical autolo-
gous donation, like the ABT, is not accepted by Jeho-
vah’s Witnesses because it doesn’t use a closed-circuit
system (13).

Intra and post-operative salvages consist in a set
of procedures and devices aimed to salvage blood that
normally would be lost during and after the surgical
operation.

Intraoperative salvage consists in the gathering of
blood loss flowing from cut blood vessels in the tissues
involved by the surgical procedure and the following
transfusion, prior filtering and washing by centrifuga-
tion. This procedure takes place by a specific machin-
ery, composed by an adjustable and continuous vacu-
um source, a peristaltic pump and a centrifuge. To re-
alize the intra-operative salvage it’s necessary that the
expected volume of lost blood in the intra-operative
period is 800 ml at least, the surgical site has not to
be infected and malignant cells have not to be present
(15). With this procedure satisfying results have been
realized but it also has been proved how much it is ex-
pensive and not always accessible (5). Intra-operative
salvage is also a complex procedure that needs an ap-
proach of a well-qualified team (19).

The Postoperative Blood Salvage (PBS) consists in
the gathering of hematic loss versed from the drains
of the surgical wound and their infusion, prior sedi-
mentation, filtration and eventually washing with sa-
line solution. The blood is spontaneously defibrinated
in contact with tissue before the runoff from the drains.
The system works in aspiration or just for gravity. Nor-
mally the system is composed by: a collection chamber,
a housing for the autotransfusion unit, the reinfusion
bag, a reinfusion set. The sedimentation permits to re-
infuse concentrated red blood cells, reducing the rein-
fusion of hemolysis products, that stay in the superna-
tant. The filtration is guaranteed through two filters,
one for macro-aggregates of 120 pm inserted in the
collection chamber and the other for micro-aggregates
of 40 pm inserted directly in the bag. A device for the
washing can be present depending on blood is reinfused
washed or unwashed. Also in this case it is dissuaded
to reinfuse blood salvaged by an infected wound (15).

For what concerns THA and TKA, where there is

a severe hematic loss rather than in the intra-operative

period especially in the post-operative one, the tech-
nique of the PBS can be preferred, and especially for
those patients unsuitable to the pre-surgical autolo-
gous donation and for those patients that, for religious
motivations and not, refuse the ABT or autologous
transfusions that don’t use a closed-circuit system.

Objective

Aim of this study is to review the literature com-
paring Postoperative Blood Salvage (PBS) with Allo-
geneic Blood Transfusion (ABT) in patients undergo-
ing THA and TKA.

Materials and methods

We performed a bibliographic research through
the consultation of the following databases: PubMed,
Cochrane and Google Scholar. The keywords used
were the following: “autologous blood transfusion”,
“orthopedics”, “orthopedic surgery”, “postoperative
blood salvage”, “shed blood reinfusion”.

We included in the study the articles dealing
with PBS in major orthopaedic procedures (THA and
TKA), published in English, Italian, French and Span-
ish language, from 1-1-1991 to 1-31+-2016. Articles
that treat exclusively the preoperative autologous do-
nation, the intraoperative blood salvage and the ABT
were excluded.

From the 26 articles included in the research the
PBS and the ABT were considered, comparing com-
plications, costs, length of stay, efficacy of the PBS in
decreasing the amount of ABT. About the PBS tech-
nique we also examined contraindications, time and
volume limits, and mean volume of blood reinfused.

Results

Comparing the results obtained from 7 articles
about the complications of the PBS and ABT, we can
say that the PBS system results safer in terms of com-
plications respect to the ABT: in particular the PBS
totally nullifies the risk of HIV/HCV transmission
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and ABO incompatibility reaction, and it also decreases
the risk of deep venous thrombosis (DVT)/pulmonary
embolism (PE) and infections in general. The only
complication that can occur more frequently in the
PBS is the non-hemolytic febrile reaction (6, 17, 18,
20-23) (Table 1).

We selected 4 papers dealing with coszs of ini-
tial investment and recovery or donation operation
in terms of equipment and materials costs. Rao et al,,
evaluating all these variables, assert that the unwashed
shed blood reinfusion is the less expensive method, the
washed shed blood reinfusion comes after and in the
end we find the ABT to be the most expensive method
(Table 2) (6). On the other hand Tio6 et al. and So-
Osman et al. report increased costs for PBS (21, 24).

About the efficacy of the PBS to decrease the neces-
sity fo resort to the ABT, it emerges that in THA after
the PBS the percentage of the patients that must resort
to the ABT is 15%, against 33% of the patients with-
out PBS (5, 23, 25-28) (Table 3 a). For the TKA only
10% of the patients after PBS must resort to the ABT
against 34% of the patients without PBS (5, 22, 23, 25,
27,29-33) (Table 3 b). So we can conclude with strong

evidence (p<0,001; Confidence Interval 95%) that the
PBS decreases significantly the recourse to the ABT.
In contrast, So-Osman et al. found that PBS did not
reduce erythrocyte use (24).

In relation to the hospital length of stay, only 7
out of the examined articles treat this theme but just
one for the THA (28) (Table 4 a) and two for the
TKA (29, 32) (Table 4 b) show a statistically signifi-
cant difference. According to these authors, the mean
length of stay of the patients with PBS is shorter than
that of the patients without PBS. Unfortunately it is
not possible to obtain a statistically significant cu-
mulative result of these studies because not all the
authors report the standard deviation necessary for
the analysis.

Comparing the data retrieved from 3 articles for
THA and 2 for TKA it is also emerged, even if with
low evidence (p>0,05; Confidence Interval 95%) that
the PBS system doesn’t affect the risk of wound com-
plications: in THA patients the incidence of wound
complications with the PBS system is 3% whereas that
with simple drain is 4% (26, 28, 34) (Table 5 a); in
TKA patients the percentage of wound complications

Table 1. Comparison of complications between the PBS and the ABT. The only complication which is more frequent in PBS vs ABT

is non haemolytic febrile reaction

ABT PBS

Nonhemolytic febrile reaction 0,02-2% (6,18) 2-22% (6)
Infections 4,6-15,3% (6,20) 2-4% (6,20)
DVT/PE 2% (6,20) 1% (20)
HIV transmission 1in 1,4 X 1.000.000 to 1 in 2,4 X 1.000.000 (17) 0
HCYV transmission 1in 872.000 to 1 in 1,7 X 1.000.000 (17) 0
ABO incompatibility reaction hemolysis: 1 in 60.000 (17) 0

death: 1 in 600.000 (17,18) 0

Table 2. Costs of unwashed shed blood reinfusion vs washed shed blood reinfusion vs ABT (6). Comparing the coszs of initial invest-
ment and recovery or donation operation in terms of equipment and materials we find the unwashed shed blood reinfusion to be the
less expensive method, the washed shed blood reinfusion comes after and in the end the ABT to be the most expensive method (6)

Costs ($) Unwashed shed blood reinfusion =~ Washed shed blood reinfusion ABT

TKA THA TKA THA TKA THA
Mean unit cost 475 1167 759 1827 766 2609
Fixed cost per unit 389 954 684 1674 510 2354
Variable cost per unit 86 214 75 153 255 255
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Table 3. PBS decreases significantly the recourse to the ABT" (p<0,001; CI 95%): in THA after the PBS the percentage of the patients
that must resort to the ABT is 15%, against 33% of the patients without PBS (3 a); for the TKA only 10% of the patients after PBS
must resort to the ABT against 34% of the patients without PBS (3 b)

Author Number of patients Patients without PBS  Patients with PBS ABT without PBS ABT with PBS
a) post THA

Smith (21) 158 52% (82/158) 48% (76/158) 21% (17/82) 8% (6/76)
Slagis (22) 50 52% (26/50) 48% (24/50) 50% (13/26) 43% (10/24)
Mirza (23) 218 50% (109/218) 50% (109/218) 30,3% (33/109) 9,2% (10/109)
Atay (5) 36 53% (19/36) 47% (17/36) 79% (15/19) 53% (9/17)
Total sample 462 51% (236/462) 49% (226/462) 33% (78/236) 15% (34/226)
b) post TKA

Munoz (24) 581 34% (199/581) 66% (382/581) 30,6% (61/199) 8,4% (32/382)
Kourtzis (25) 119 49% (58/119) 51% (61/119) 86,2% (50/58) 8,1% (5/61)
Slagis (22) 30 50% (15/30) 50% (15/30) 33% (5/15) 28% (4/15)
Boese (26) 404 50% (202/404) 50% (202/404) 13,4% (27/202) 11,4% (23/202)
Atay (5) 41 51% (21/41) 499% (20/41) 38% (8/21) 5% (1/20)
Munoz (27) 300 33% (100/300) 66% (200/300) 48% (48/100) 11% (22/200)
Cheng (28) 60 57% (34/60) 43% (26/60) 40% (14/34) 15,8% (4/26)
Total sample 1.535 41% (629/1.535) 59% (906/1.535) 34% (214/629) 10% (91/906)

Table 4. In relation to the Aospital length of stay, only 6 out of 21 examined articles treat this theme but just one for the THA (a) and
two for the TKA (b) show a statistically significant difference. According to these authors, the mean length of stay of the patients with
PBS is shorter than that of the patients without PBS. Unfortunately it is not possible to obtain a statistically significative cumulative

result of these studies because not all the authors report the standard deviation necessary for the analysis

Author Patients Patients Length of stay Length of stay Statistical
without PBS with PBS without PBS (days) with PBS (days) significance (p<0,05)

a) PBS (THA)

Smith (26) 52% (82/158) 48% (76/158) 6,98 6,4 NO

Monte Del Trujillo (34) 449 (48/108) 56% (60/108) 11,6 10,1 NO

Mirza (28) 50% (109/218) 50% (109/218) 9 7 YES

b) PBS (TKA)

Munoz (29) 349% (199/581) 66% (382/581) 13 11 YES
Shenolikar (35) 50% (50/100) 50% (50/100) 16,7 15,6 NO

Munoz (32) 33% (100/300) 67% (200/300) 16 13 YES

with PBS is of 3% against 7% of the simple drain (32,
35) (Table 5 b).

The mean wolume of blood saved and reinfused
with the PBS resulted of 484 ml in a total sample of
143 patients operated of TKA reported by 5 authors
(5,27, 35-37) (Table 6 a) and of 324 ml for 401 pa-
tients operated of THA reported by 8 authors (5, 26-
28, 34, 36, 37, 38) (Table 6 b).

Han and Shin with their studies underline that,
to decrease potential risks included the non-hemolytic

febrile reaction, the reinfision of blood must begin
within 4-6 hours by the start of the salvage (4). Also
Faris et al. reported that when the PBS is completed
within 6 hours or less the prevalence of febrile reaction
is about 2%, but when 6 hours are passed the preva-
lence increases to 22% (39).

No author considered the perspective of the max-
imum volume to reinfuse. The data reported in Table 7
have been extrapolated from the technical file of Euro-
sets (40) but they have no statistical significance.
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Table 5. Comparing the data retrieved from three articles for THA and the two for TKA it is also emerged (p>0,05; CI 95%) that
the PBS system doesn't affect the risk of wound complications: in THA patients the incidence of wound complications with the PBS
system is 3% whereas that with simple drain is 4% (a); in TKA patients the percentage of wound complications with PBS is of 3%

against 7% of the simple drain (b)

Author Number of Patients Patients Wound complications (%) Wound complications (%)
patients without PBS with PBS without PBS with PBS
a) THA
Smith (26) 158 52% (82/158) 48% (76/158) 6% (5/82) 4% (3/76)
Monte Del Trujillo (34) 108 449 (48/108) 56% (60/108) 4,2% (2/48) 0% (0/60)
Mirza (28) 218 50% (109/218) 50% (109/218) 2,7% (3/109) 3,7% (4/109)
Total sample 484 49% (239/484) 51% (245/484) 4% (10/239) 3% (7/245)
b) TKA
Munoz (32) 300 33% (100/300) 67% (200/300) 1% (1/100) 0% (0/200)
Shenolikar (35) 100 50% (50/100) 50% (50/100) 18% (9/50) 14% (7/50)
Total sample 400 37% (150/400) 63% (250/400) 7% (10/150) 3% (7/250)

Table 6. The mean wvolume of blood saved and reinfused with the
PBS was 484 ml in a total sample of 143 patients operated of
TKA reported by 5 authors (a) and 324 ml for 401 patients
operated of THA reported by 8 authors (6)

Author Patients Mean volume
with PBS of blood
(N) reinfused (ml)

a) TKA

Kristensen (36) 13 920
Shenolikar (35) 50 349
Slagis (27) 15 883
Moonen (37) 45 378
Atay (5) 20 480
Total sample 143 484

b) THA

Kristensen (36) 18 650
Grosvenor (38) 62 349
Slagis (27) 24 437
Moonen (37) 35 203
Atay (5) 17 413
Mirza (28) 109 300
Smith (26) 76 252
Monte del Trujillo (34) 60 336
Total sample 401 324

The absolute and systemic contraindications to the
PBS with or without washing have not been considered
by none of the authors included. However in the tech-
nical file of Eurosets (40) is asserted, although without
statistical validity, that the absolute contraindications to
the reinfusion are serious renal disease found out in the

Table 7. Maximum volume to reinfuse with PBS (from Euro-
sets Experience) 40

Patient’s weight (Kg) Men (ml) ‘Women (ml)
50-60 650 550
61-70 750 650
71-80 850 750
81-90 950 850
91-100 1000 950
> 100 1000 1000

preoperative phase and the coagulopathy highlighted
in the preoperative phase with usual functional tests
(platelet count, bleeding time, prothrombin time). In
literature situations where the reinfusion in patients af-
fected by HCV and HIV caused a worsening of the
disease are not mentioned (40). For what concerns the
contraindications to the PBS without washing, just one
author, among those selected, asserts that the reinfusion
of unwashed shed blood is contraindicated in the pa-
tients affected by neoplasia, to avoid the dissemination
of the tumor (metastasis). But the capacity of replica-
tion of neoplastic cells is nullified by the washing (41).

Discussion

In the patients operated of THA and TKA there
is a continuous bleeding from the operating site. This
bleed often involves the necessity to resort to alloge-
neic or autologous blood transfusions. There is often a



12

M. Leigheb, F. Pogliacomi, M. Bosetti, et al.

tendency to consider inevitable the recourse to ABT
when there are efficient alternatives: the most suitable
in the THA and TKA operations is the autologous
transfusion with the technique of the PBS, the ben-
efits and disadvantages of which have been shown in
this paper.

From this review of the scientific literature it’s
emerged that the PBS is safer than ABT both for
the patients, exposed to minor risk of complications,
and for the health care staff that, having to do with a
closed-circuit system, is less exposed to biological risk
and to the transmission of pathogens.

Naturally the PBS doesn’t assure the patient to
not receive any ABT but it’s emerged that the per-
centage of patients which must receive an ABT with
the PBS is significantly lower than that of the patients
without PBS. The risk of adverse events caused by
the ABT that concern the heaviest complications, in
other words the virus transmission and the reaction
from ABO incompatibility, is directly proportional to
the number of transfused allogeneic bags (18). So the
patients with the PBS result anyway less exposed to
these risks.

Another aspect connected to the possible compli-
cations of the ABT concerns the costs. The paper by
Rao et al. considers the complications of emo-transfu-
sions, once again more frequent after ABT than PBS,
but not the related costs connected to the management
of the complications (6). Moreover in calculating the
mean unit cost it must be considered that with only
one kit for PBS it is possible to recover and transfuse a
greater quantity of blood than that there is in a bag of
allogeneic blood. Infact to calculate the mean cost of

Table 8. PBS complications and precautions (15)

one unit of salvaged blood, total costs associated to the
PBS have been divided for the number of transfused
units (6).

From the comparison of the results of the papers
reviewed, PBS reveals to be related to a lower risk of
adverse events and wound complications.

Also the length of stay in hospital resulted shorter
with PBS rather than that without PBS in different
studies with statistical significance; some articles, as
a counterpart, report conflicting results but without
an appropriate statistical consistence. In the reviewed
samples, patients without PBS were more subjected to
ABT respect to those with PBS, but in the analyzed
articles patients subjected to only PBS, to only ABT,
to both PBS and ABT and to no transfusion therapy,
were not properly compared. Therefore this missing
information would be useful to better understand what
of the different methods mainly influences the length
of stay and the costs.

The main complications of the PBS, which must
be promptly recognized and managed to be reduced,
are air embolism, dilutional coagulopathy, hyperv-
olemia, bacteremia, hemoglobinuria and anticoagulant
overdose (15) (Table 8).

Other aspects would be worthy of further investi-
gation, like the maximum volume to reinfuse, beyond
to which the hypervolemia risk is elevated, and the ab-
solute and systemic contraindications to PBS.

For what concerns the limits in terms of time, we
can say that if the reinfusion of salvaged blood begins
within 4-6 hours from the start of PBS, the complica-
tions connected to this method of autologous transfu-
sion are reduced to the minimum (4, 39).

Complication Preventive actions

Air embolism

Use a blood pomp with an in-line air sensor

Dilutional coagulopathy Monitor patient’s clotting factors and hemoglobin
Hypervolemia Carefully monitor fluid administration
Bacteremia Do not recover blood from contaminated surgical sites
Hemoglobinuria Keep suction a slow as possible

Wash blood with correct amount of normal saline
Anticoagulant Overdose Deliver anticoagulant at raccomandeted rate

Verify correct minimum volume in direct reinfusion devices
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The review articles included in our literature revi-
sion do not fully treat all the parameters that we have
considered and therefore were included with the other
articles for a broader comparison of the various out-
comes.

The recent Meta-Analysis of RCT by van Bode-
gom-Vos et al. shows that in the last years cell salvage
is not effective anymore in reducing the exposure to
ABT (25). This difference could be explained by an
increased tendency to bleed in the increasing number
of operated patients under antiplatelet drugs.

Anyway alternative strategies with tranexamic
acid or other local hemostatic agents should be con-
sidered to reduce the bleeding risk.

Conclusions

On the basis of the reviewed articles we can con-
clude that PBS seems to be an adequate alternative to
ABT in THA and TKA. Anyway PBS, both exclusive
and accompanied to ABT, results safer respect to the
ABT alone. Health care staff as well results exposed to
minor risks using the PBS. The recourse to PBS can
contribute to decrease the length of stay and costs. For
this reasons this method of blood salvage should be
considered in all those cases that are not mentioned in
the contraindications.

Acknowledgement

The authors thank Miss Irene Actis (RN) for the time
dedicated in the literature search and data elaboration for pre-
paring her graduation thesis.

References

1. Holzwarth U, Cotogno G. Total Hip Arthroplasty: State of
the Art, Challenges and Prospects. Luxembourg: European
Commission, Joint Research Centre — Institute for Health
and Consumer Protection; 2012 July.

2. Khan F, Disler P. Multidisciplinary rehabilitation interven-
tions for joint replacement at the knee and hip for arthropa-
thies. The Cochrane Library, 2005 January.

3. Manno V, Masciocchi M, Torre M. Epidemiologia degli

interventi di chirurgia protesica ortopedica in Italia. Roma:

Istituto Superiore di Sanita, Centro Nazionale di Epidemio-
logia, Sorveglianza e Promozione della Salute; 2009.

4.Han CD, Shin DE. Postoperative blood salvage and re-
infusion after total joint arthroplasty. ] Artrhoplasty 1997;
12(5): 511-516.

5. Atay EF, Guven M, Altintas F, et al. Allogeneic blood trans-
fusion decreases with postoperative autotransfusion in hip
and knee arthroplasty. Acta Orthop Turc 2010; 44: 306-312.

6. Rao VK, Dyga R, Bartels C, Waters JH. A cost study of
postoperative cell salvage in the setting of elective primary
hip and knee arthroplasty. Transfusion 2012; 52: 1750-1760.

7. Walker R. Special report: transfusion risks. Am J Clin Pathol
1987, 88: 374-378.

8. Vamvakas C, Blajchman A. Transfusion-related mortality:
the ongoing risks of allogeneic blood transfusion. Blood
2009; 113(15): 3406-3417.

9. Schreiber G, Busch M, Kleinman S, Korelitz J. The risk
of transfusion-transmitted viral infections. The Retrovirus
Epidemiology Donor Study. N Engl ] Med 1996; 334(26):
1685-1690.

10. Luppi D. Lerrore trasfusionale ABO. La trasfusione del
sangue. 2000 dicembre; 45(6): 311-318.

11. Greinacher A, Fendrich K, Hoffmann W. Demographic
Changes: The Impact for Safe Blood Supply. Transfus Med
Hemother 2010; 37(3): 141-148.

12. Tobler LH, Busch MP. History of post-transfusion hepati-
tis. Clin Chem 1997; 43: 1487-1493.

13. Gohel M, Bulbulia R, Slim F, Poskitt KWM. How to ap-
proach major surgery where patients refuse blood trans-
fusion (including jehovah’s Witnesses). R Coll Surg Engl
2005; 87: 3-14.

14. Rollo V], Hozack W], Rothman RH, et al. Prospective ran-
domized evaluation of blood salvage techniques for primary
total hip arthroplasty. ] Arthroplasty 1995; 10(4): 532-539.

15. Johnson G, Bowman R. Autologous blood transfusion. Cur-
rent trends, nursing implications. AORN journal 1992; 56:
288-292.

16. Knight JL, Sherer D, Guo J. Blood Transfusion strategies for
total knee arthroplasty. ] Arthroplasty 1998; 13(1): 70-76.

17. Shander A. Surgery without blood. Crit Care Med 2003;
31(12): 708-714.

18. Spence R. Current Concepts and issues in blood manage-
ment. Orthopedics 2004; 27: 643-651.

19. Steinberg EL, Ben-Galim P, Yaniv Y, et al. Comparative
analysis of the benefits of autotransfusion of blood by a shed
blood collector after total knee replacement. Arch Orthop
Trauma Surg 2004; 124: 114-118.

20. Bierbaum BE, Callaghan JJ, Galante Jo, et al. An analysis of
blood management in patients having a total hip and knee
arthroplasty. JBJS 1999; 81-A: 2-10.

21.Tié MM, Sanchez-Etayo G, Bergé R, Salazar F, Basora M,
Sala-Blanch X. Cost-effectiveness of post-operative cell sal-
vage in total knee arthroplasty. Should we continue to rec-
ommend its use today? Rev Esp Anestesiol Reanim 2016
Jan 15. pii: S0034-9356(15)00288-1.

22. Dobarganes-Barlow F, Otero-Cdmara E, Romero-Vargas S,



14

M. Leigheb, F. Pogliacomi, M. Bosetti, et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pérez-Frias ], Negrete-Corona J. Cell saver use during knee
arthroplasty. Acta Ortop Mex 2014; 28(4): 228-32.

Dusik CJ, Hutchison C, Langelier D. The merits of cell sal-
vage in arthroplasty surgery: an overview. Can J Surg 2014;
57(1): 61-6.

So-Osman C, Nelissen RG, Koopman-van Gemert AW,
Kluyver E, Psll RG, Onstenk R, Van Hilten JA, Jansen-
Werkhoven TM, van den Hout WB, Brand R, Brand A.
Patient blood management in elective total hip- and knee-
replacement surgery (part 2): a randomized controlled trial
on blood salvage as transfusion alternative using a restrictive
transfusion policy in patients with a preoperative hemo-
globin above 13 g/dl. Anesthesiology 2014; 120(4): 852-60.
Van Bodegom-Vos L, Voorn VM, So-Osman C, Vliet
Vlieland TP, Dahan A, Koopman-van Gemert AW, Veh-
meijer SB, Nelissen RG, Marang-van de Mheen PJ. Cell
Salvage in Hip and Knee Arthroplasty: A Meta-Analysis of
Randomized Controlled Trials. ] Bone Joint Surg Am 2015;
97(12): 1012-21.

Smith LK, Williams DH, Langkamer VG. Post-operative
blood salvage with autologous retransfusion in primary total
hip replacement. JBJS 2007; 89-B(8): 1092-1097.

Slagis SV, Benjamin JB, Volz RG, Giordano GF. Postopera-
tive blood salvage in total hip and knee arthroplasty. JBJS
1991; 73-B(4): 591-594.

Mirza SB, Campion J, Dixon JH, Panesar SS. Efficacy and
economics of postoperative blood salvage in patients under-
going elective total hip replacement. Ann R Coll Surg Engl
2007; 89: 777-784.

Munoz M, Kuhlmorgen B, Ariza D, et al. Which patients
are more likely to benefit from postoperative shed blood
salvage after unilateral total knee replacement? An analy-
sis of 581 consecutive procedures. Vox Sanguinis 2007; 92:
136-141.

Kourtzis N, Pafilas D, Kasimatis G. Blood salving protocol
in elective total knee arthroplasty. Am J Surg 2004; 187:
261-267.

Boese CK, Gallo TJ, Weis M, et al. Efficacy and cost-ef-
fectiveness of a blood salvage system in primary total knee
arthroplasty - a retrospective match-controlled chart review.
Towa Orthop J 2011; 31: 78-82.

Munoz M, Ariza D, Garceran M], et al. Benefits of post-
operative shed blood reinfusion in patients undergoing uni-

33.

34.

35.

36.

37.

38.

39.

40.

41.

lateral total knee replacement. Arch Orthop Trauma Surg
2005; 125: 385-389.

Cheng , Hung. Investigation of the use of drained blood
reinfusion after total knee arthroplasty: a prospective ran-
domised controlled study. ] Orthop Surg 2005; 13: 120-124.
Monte del Trujillo M, Carrero A, Munoz M. The utility of
the perioperative autologous transfusion system OrthoPAT
in total hip replacement surgery: a prospective study. Arch
Orthop Trauma Surg 2008; 128: 1031-1038.

Shenolikar A, Wareham K, Newington D, et al. Cell salvage
auto transfusion in total knee replacement surgery. Transf
Med 1997; 7: 277-280.

Kristensen PW, Sorensen LS, Thyregod HC. Autotransfu-
sion of drainage blood in arthroplasty. A prospective, con-
trolled study of 31 operations. Acta Orthop Scand 1992;
63: 377-380.

Moonen AFCM, Knoors NT, Os JJv, et al. Retransfusion
of filtered shed blood in primary total hip and knee arthro-
plasty: a prospective randomized clinical trial. Transfusion
2007; 47: 379-384.

Grosvenor D, Goyal V, Goodman S. Efficacy of postop-
erative blood salvage following total hip arthroplasty in
patients with and without deposited autologous units. JBJS
2000; 82-A(7): 951-954.

Faris P, Ritter M, Keating E, Valeri C. Unwashed filtered
shed blood collected after knee and hip arthroplasties: a
source of autologous red blood cells. JBJS 1991; 73: 1169-
1178.
http://www.eurosets.it/cgibin/prodotti_allegato/19_5_OR-
THO_PAS_FAQ_01_2011_ENG.pdf.

Miller G, Ramsden SPJ. Autologous trasfusion: an alter-
native to transfusion with banker blood during surgery for
cancer. Br ] Surg 1991; 78: 713-715.

Correspondance:

Massimiliano Leigheb MD, PhD, MSc

S.C. Ortopedia-Traumatologia, AOU “Maggiore della Carita”,
Universita del Piemonte Orientale,

Corso Mazzini 18, I-28100 Novara, Italia

Tel. +39 03213733460

Fax: +39 0321393691

E-mail: maxleigheb@libero.it



