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Background - The high safety of homologous blood components, together 
with the introduction of the Patient Blood Management strategy, has led to 
the progressive abandonment of preoperative autologous blood donation 
(PAD) in surgery. Furthermore, recent scientific publications provide evidence 
about the non-usefulness of PAD in the collection of hematopoietic stem cells 
(HSC) from bone marrow (BM), also in consideration of harvest procedure 
safety. Nevertheless, no conclusive studies have been published yet.
Materials and methods - Blood Establishments (BE) and Bone Marrow 
Collection Centers (BMCC) participated in a specific qualitative survey 
proposed by Italian National Blood and Transplant centers with the support 
of the relevant Italian Scientific Societies. The survey aimed at evaluating 
the policy adopted for PAD in related and unrelated adult HSC donors in Italy 
during the period 2018-2020.
Results - Forty-one BE corresponding to 37 BMCC filled in the questionnaire. 
Of 830 BM donors, 661 (80%) underwent 1063 PAD (mean 1.6 PAD/donor). The 
remaining 169 donors (20%) underwent BM harvest without PAD. No serious 
adverse events were reported for either donor group. In the case of ineligibility 
of donors for the PAD program, due to low hemoglobin values, 7/10 centers 
shifted donors to peripheral blood stem cell collection and three centers 
chose a different donor. Remarkably, only 51% of the PAD units requested 
were eventually transfused during the BM harvest process. Finally, the iron 
support policy among centers was heterogeneous. 
Discussion - The results of this survey show that PAD is heterogeneously 
applied in Italian BMCC, as in other countries. However, all BMCC except two 
are willing to adopt a Patient Blood Management strategy as an alternative 
approach to adult related and unrelated BM donor harvests.

Keywords: bone marrow, stem cell donors, preoperative autologous blood donation, 
anemia, patient blood management.
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intRoDuction
The practice of preoperative autologous blood donation (PAD) in preparation 
for surgery was adopted during the 1980s and 1990s mainly to avoid the risk of 
transfusion-transmitted infectious diseases (especially hepatitis and human 
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immunodeficiency virus) related to allogeneic blood 
transfusion1. In the same period, the World Marrow 
Donor Association (WMDA), recommended PAD 
(1-3 units) in the preparation of bone marrow (BM) 
harvest in healthy donors, with the aims of mitigating 
the post-collection hemoglobin reduction, of preventing 
allogeneic transfusion, and ultimately of favoring the 
donor’s recovery2. Most national registries, including the 
Italian Bone Marrow Donor Registry (IBMDR), adopted 
the WMDA recommendations. In fact, although BM 
hematopoietic stem cell (HSC) collection is considered 
a safe procedure, side effects may occur. Anemia is a 
common consequence of the large volume of BM that 
needs to be harvested for allogeneic transplantation in 
adults3. Besides affecting the health of the donor, anemia 
has a socio-economic impact on the donor’s return to daily 
activities.
However, the increasing safety of allogeneic transfusion, 
the risks related to the use of autologous blood and 
the development of Patient Blood Management (PBM) 
strategies have raised the issue of the real benefit of 
routinely adopting a PAD policy for BM stem cell harvest4-6.
In the last decade, some Bone Marrow Collection Centers 
(BMCC) and Registries have progressively abandoned PAD 
or questioned its efficacy at preserving the donors’ health, 
in particular in preventing anemia1,7. In fact, recent 
data highlight that PAD may cause anemia in donors in 
the immediate post-donation period8. The risk-benefit 
ratio of PAD has also been questioned, since every blood 
transfusion is at risk, including autologous ones, and 
some autologous blood units are not used and therefore 
discarded9,10. PAD also increases the burden on hospitals 
and costs (e.g., from staff hours, testing, documenting, 
discarding units).
The successful use of iron supplementation to 
prevent anemia and the heterogeneous PAD 
policies still adopted require the conduction of 
definitive studies to evaluate whether and possibly 
in which setting PAD is effective at improving 
post-harvest donors’ health. Of note, WMDA standards 
edited in 2020 no longer mention the use of PAD11.
Here we present the results of a national survey 
conducted by the Italian National Blood Center and 
the Italian National Transplant Center with the 
collaboration of the Italian Society of Transfusion 

Medicine and Immunohematology (SIMTI), the Italian 
Society for Hemapheresis and Cell Manipulation 
(SIdEM), and the Italian Group for Bone and Marrow 
Transplantation (GITMO), to address the current use 
of PAD in BMCC in the era of PBM.

MateRiaL anD MetHoDs
An online cross-sectional survey using Google Drive was 
administered to Blood Establishments (BE) and related 
BMCC in January 2021, with the support of the Italian 
Scientific Societies. The survey had a section dedicated to 
both BMCC and BE in order to avoid data overlapping and 
biases in responses; it was aimed at collecting data about 
the actual use of a PAD policy before BM harvest in related 
and unrelated adult donors in Italy over the period 2018-
2020. Sixty BE that could use PAD for the related 55 BMCC 
licensed by national authorities received a web-link to the 
survey.
The survey contained an introduction dedicated to master 
data related to the responding centers and a section with 
18 questions investigating the actual use of PAD (Online 
Supplementary Table SI). 

ResuLts

Participants 
Forty-one of the 60 BE that collect PAD for related BMCC 
(68%) and 37 out of 55 BMCC (67%) replied to the survey. 
During the period studied a total of 830 BM HSC donors 
were reported by participating centers and 661/830 
donors (80%) underwent 1,063 PAD with a mean 1.6 PAD/
donor (Figure 1). The remaining 169 donors (20%) did not 
undergo PAD before BM HSC donation. 

figure 1 - Data sample from 3-year period (2018-2021)
BE: Blood Establishments; BMCC: Bone Marrow Collection Centers; 
PAD: preoperative autologous blood donation.
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Volume of preoperatively donated autologous blood 
units and donors 
Thirty-two of the 41 BE (78%) that adopt the PAD policy 
collected autologous units with a standard volume of 
450 mL ± 10%, according to the current recommendations 
(Figure 2A). Nine of the 41 BE (22%) collected autologous 
units with a reduced blood volume due to the following 
characteristics of donors: weight less than 50 kg (4 centers, 
33%), hemoglobin values lower than the limits set by 
current legislation (<12.5 g/dL and <13.5 g/dL for women 
and men, respectively) (1 center, 16.7%) and a short interval 
(less than 7 days) between PAD and BM-HSC harvest 
(2 centers, 25%); the other two centers did not motivate 
their choice. The results are shown in Figure 2B. In the case 
of ineligibility of donors for the PAD program because of 
low hemoglobin values, seven of ten (70% of participants) 
centers shifted donors to peripheral blood stem cell 
collection and three centers (30% of participants) chose a 
different donor. Calculation of the volume of autologous 
blood collected in terms of percentage of the donor’s body 
weight was not included in the questionnaire.

adverse events related to preoperative autologous 
blood collection and reinfusion 
Three of 41 BE-BMCC (7%) recorded mild adverse events 
related to the preoperative collection of autologous blood 
during the study period. During the reinfusion of the 
autologous blood, one donor experienced a mild adverse 
event and another had a serious adverse event. 

adverse events related to bone marrow harvest 
One center reported mild/moderate side effects 
(bradycardia and hypotension) during BM harvest in 
donors who did not undergo PAD. 

Request for preoperatively donated autologous units 
Twenty-eight out of 41 BE-BMCC (68%) reported that PAD 
units were always requested. Eight out of 41 BMCC (20%) 
did not use the PAD units collected, while the remaining 
five centers did so occasionally (Figure 3A). Twenty-six 
centers (63%) used PAD units in the operating room and 
six centers (15%) in the ward (Figure 3B).

transfusion of preoperatively donated autologous units 
Figure 4 shows PAD units actually transfused during 
and after harvest (percentage of participants): 21 of 41 
BE-BMCC (51%) reported that PAD units were always 
transfused during the harvest while 11 centers (27%) 

figure 2 - (a) Volume of preoperatively donated autologous 
blood units (% of participants) collected. (B) Donors’ 
characteristics that led to a reduction in the volume of 
blood collected (% of participants)
Hb: hemoglobin.

figure 3 - (a) PaD units actually required for bone marrow 
harvest (% of participants). (B) Place where the PaD units 
were requested for re-infusion (% of participants)
PAD: preoperative autologous blood donation.
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declared that PAD units were always transfused after the 
harvest. Only two centers (5%) reported that PAD units 
were sometimes transfused during the harvest and seven 
centers (17%) declared that PAD units were sometimes 
transfused after the harvest. 

Donor hemoglobin values 
Figure 5 shows the percentage of donors with hemoglobin 
values lower than the limits set by current legislation 
(<12.5 g/dL and <13.5 g/dL for women and men, 
respectively) immediately before (Figure 5A) and 24 hours 
after the harvest (Figure 5B), independently of PAD. Three 
of 41 (7%) BE reported that all the donors had hemoglobin 
values below the normal limits at the time of the harvest; 
nine out of 41 (22%) BE reported instead that all the donors 
had hemoglobin values below the normal limits after the 
harvest. No allogeneic transfusion was reported after the 
collection procedure in donors who did not undergo PAD. 

iron supplementation 
Fourteen of the participating centers (34%) reported that 
BM HSC donors who underwent BM harvest without 
PAD received iron therapy up to the donation of HSC. 
Of note, only in five centers (12%) the donors were given 
intravenous iron supplementation (Figure 6A). Eighteen of 
the participating centers (44%) supported BM-HSC donors 
with oral iron from the first PAD to the harvest, regardless 
of the hemoglobin values   and the donor’s iron reserves 
(Figure 6B).

figure 6 - (a) iron supplementation policy in anticipation 
of bone marrow harvest in donors not undergoing PaD 
(percentage of participants) (B) iron supplementation 
policy in anticipation of bone marrow harvest in donors 
undergoing PAD, from the first donation to the bone 
marrow harvest (percentage of participants).
PAD: preoperative autologous blood donation.

Figure 4 - PAD units actually transfused during and after 
harvest (percentage of participants)
PAD: preoperative autologous blood donation.

figure 5 - (a, B) Donors with hemoglobin values below the 
normal limits at the time of harvest (A) and after harvest, 
24 hours later (B)
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experimenting a PBM program 
The last question of the survey was designed to explore 
the interest of the participating centers in experimenting 
a PBM approach for the management of BM HSC donors: 
39 centers (95% of participants) declared their willingness 
and two centers (5%) declared their unavailability.

Discussion
During the last years several studies from different 
national BM programs worldwide have been performed 
regarding the actual need to collect autologous blood 
(1-3 units) in preparation for BM harvest from related or 
unrelated adult donors, with the aim to maintaining the 
donors’ health and safety, as recommended by the WMDA 
since the 1980s12.
Although WMDA standards edited in 2020 no longer 
mention the PAD policy, to our knowledge, there are no 
conclusive studies assessing the actual benefit of PAD in 
preparation for BM collection13 to date. However, the issue 
is topical, not least considering that BM harvesting in the 
haplo-identical setting is likely to increase in the next 
few years14 given the increase of haplo-identical BM HSC 
transplants in recent years.
Moreover, more than 10 years ago, the World Health 
Organization (WHO) introduced PBM principles 
(consisting in avoiding unnecessary red blood cell 
transfusions while preserving the patient’s health), 
and advised their implementation as regular policy for 
patients. Notably, the management of anemia by iron 
supplementation is a cornerstone of PBM and it has 
become common practice to avoid allogeneic transfusion 
(in particular in the surgical setting), as it is supported 
by considerable scientific evidence15,16. Another part 
of PBM during surgery is intravenous infusion of 
plasma-expanding therapeutic agents for improvement 
and restoration of blood volume loss17. 
Concurrently, the Italian national blood authority 
encouraged the adoption of PBM in various contexts, 
including surgery. Nevertheless, the PBM approach in 
BM donors has never been addressed; therefore, it is of 
paramount importance to clarify whether some specific 
subgroups of donors may actually benefit from PAD, both 
to increase post-donation hemoglobin and to reduce the 
risks related to the harvest, providing the optimal amount 
of HSC for the patient18. 
The present survey was aimed at determining the current 

use of PAD in BMCC in Italy with a specific focus on 
the management policy adopted and did not involve a 
systematic clinical data collection. It also investigated 
the compliance of the centers with the current guidelines 
in the era of PBM. The systematic adoption of PAD 
without taking into account the growing body of data in 
the scientific literature against its generalized use may 
account for defensive medicine, considering also that BM 
harvest is not a frequent procedure and many centers may 
lack expertise. As reported above, the questionnaire had 
a section dedicated to both BMCC and the related BE, to 
avoid data overlapping and biases in responses. 
Current national guidelines for BM HSC donation 
recommend not exceeding 20 mL/kg/donor BM harvest 
with a threshold of 1500 mL and for every BM collection 
exceeding 600 mL, one PAD is recommended for each 
additional 600 mL19. 
Of note, the volume of preoperatively donated autologous 
units is not adjusted according to the donor’s body weight 
since Italian law foresees the collection of 450 mL ± 10% 
whole blood (analogously to whole blood donation) given 
that the adult donor’s weight is not less than 50 kg. This 
is also in compliance with the European recommendation 
that PAD should not exceed 16% of the donor’s total 
blood volume20. The current Italian regulations set out 
the following criteria for undertaking PAD: an expected 
hemoglobin value after surgery below 10 g/dL taking into 
account the expected estimated bleeding and an interval 
between the last PAD and surgery of not less than 7 days21. 
During the period 2018-2020, 1,063 PAD were performed 
in preparation for 661 BM harvests (mean 1.6 units/donor), 
showing that the majority of centers followed national 
PAD policy. Of note, some centers reduced the volume of 
blood collected because the donor’s hemoglobin level was 
near the normal threshold and/or because of a donor’s low 
body weight. Overall, only three mild side effects were 
reported by one center during PAD procedures: this could 
support the continuation of a no longer useful practice by 
the centers, even if one serious adverse event was reported 
during reinfusion of preoperatively collected autologous 
blood. Nonetheless, few centers excluded donors (total 
169) from PAD because of hemoglobin less than normal 
or, in some cases, less than arbitrarily decided values, or 
because of low body weight (<50 kg). Another reason for 
exclusion was the short interval to BM harvest (less than 
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7 days). In order to avoid the risk of allogeneic transfusion 
during BM harvest, seven of ten centers shifted the donor 
to peripheral blood stem cell collection and three centers 
choose a different donor. Curiously, the change in HSC 
donor or in HSC source occurred notwithstanding the 
systematic adoption of PBM in surgery. These findings 
highlight the need to establish what hemoglobin 
threshold must be considered safe for BM donors. Very 
recently, several studies adopting PBM guidelines 
during elective orthopedic surgery in patients without 
cardiovascular diseases demonstrated reduced risks (e.g., 
thromboembolic events) and similar or improved clinical 
outcomes adopting a hemoglobin threshold of less than 
7 g/dL according to the latest WHO target for PBM22,23. 
Notably, BM harvest would hardly ever reduce a donor’s 
hemoglobin level to less than 7-8 g/dL. 
The survey also revealed a heterogeneous policy regarding 
iron supplementation (both for donors undergoing or not 
undergoing PAD). Most centers prescribe oral iron until 
BM donation “a priori”, some only in the case of a state 
of anemia and others do not have a standard policy. In 
contrast, only a few centers administer intravenous iron 
to improve anemia even though it is well established 
that, compared with oral iron, a single high dose of 
carboxymaltose iron is able to rapidly replenish iron stores 
without significant safety concerns24,25

.

These findings point out the urgent need to draft guidelines 
on iron supplementation in this setting, with the purpose 
of avoiding discordant management of donors. A PBM 
approach with iron supplementation would enable the 
preservation of hemoglobin levels and collection of HSC 
from the requested source, thus avoiding transplant 
delays. Furthermore, it would allow the reconstitution of 
the red blood cell stock. In fact, some studies report on 
the successful use of iron supplementation to treat anemia 
and to improve post-harvest donor’s health.
A recent report highlighted the importance to support 
mildly anemic or low-ferritin donors with iron at 
enrollment, to avoid residual anemia at the post-donation 
follow-up6. In another study the correction of anemia 
before BM harvest enabled the collection of a product 
with a higher cell concentration26. Interestingly, a number 
of studies have shown that the PAD policy results in 
pre-donation anemia, and an anemic state is detected 
immediately after donation even though the donor is 

reinfused during the BM harvest. Therefore, various 
studies have questioned the real benefit of PAD, also 
because it worsens anemia related to BM harvest and is 
a risk factor for prolonged anemia8,27. A recent study by 
Farhadfar et al.4 showed that PAD is useful only for cases 
in which the planned BM harvest volume exceeds 27% of 
donor’s blood volume. 
The actual need for PAD has also been examined by Teofili 
et al.28 in a recent retrospective, single-center Italian 
study analyzing the hematologic parameters of 102 
donors who underwent one or two PAD in anticipation 
of BM harvest, and were subsequently reinfused during 
collection. The study reported an uncertain benefit of 
this policy in preventing post-donation anemia, both 
with one or two autologous donations reinfused, and 
demonstrated a reduction in hemoglobin levels, which 
was inversely correlated to the time elapsed from PAD. 
The authors concluded that a potential benefit of PAD 
in limiting anemia would be evident only if at least 21 
days (time for red blood cell regeneration) passes from 
autologous donation to BM harvest. Another group 
observed that in their cohort, post-harvest hemoglobin 
values were similar in donors independently of infusion 
of preoperatively donated autologous blood12. The same 
findings were obtained in a different surgical setting. In 
fact, in the early postoperative period, patients transfused 
with preoperatively donated autologous blood (even with 
higher hemoglobin levels), did not have an apparent 
benefit compared to those who did not undergo the PAD 
procedure29. In accordance with data recently reported 
by Bartnik et al., our survey shows that those centers that 
performed BM harvest without PAD reported only a few, 
mild and transient side effects in the donors30.
These results also raise the question of whether the risks 
related to the PAD procedure (starting from the donation 
itself to the reinfusion), the efforts required and the costs, 
are still justified. 
This is even more apparent if we consider that a number of 
donated units are discarded and unnecessary transfusions 
are performed during BM harvest. Our survey shows that 
about half of preoperatively donated autologous blood 
units were reinfused in the operating room (highlighting 
that the old practice of using blood for volemic support 
is still alive) and the remaining ones were discarded or 
reinfused after the BM harvest. 
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These findings are in line with those of other studies 
and suggest that PAD is probably not necessary during 
harvest (the procedure can be performed safely) and 
possibly, donated blood is infused just not to waste it, 
independently of the hemoglobin threshold. Since only 
one serious side effect was reported during reinfusion, 
PAD was probably perceived as a safe procedure in 
healthy donors.
All participating centers, except two small ones, expressed 
their willingness to contribute to a prospective study 
adopting a PBM policy in the management of BM-HSC 
donors. This emphasizes the importance of a “center ef fect” 
meaning that policy changes are more difficult to accept 
where a practice is infrequent. 
We are aware that a major limitation of the present study 
is the lack of clinical parameters that may suggest the 
use of PAD in selected cases. Nevertheless, it is crucial 
to overcome the individual approach by fostering an 
international (at least European) working team, leading to 
the achievement of a definitive consensus about the best 
policy to adopt in anticipation of a bone marrow harvest, 
following the rapid evolution of medicine in order to 
provide the best treatment available31. 

concLusions
The results of this survey show that PAD is heterogeneously 
applied in Italian BMCC, as in other countries. There is an 
urgent need to draft updated guidelines providing the 
optimal management of BM-HSC donors. 
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