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introduction

The requirement for blood transfusion during surgery depends on twa major variables:

I.) The volume of perioperative blocd loss, which is related to the type of surgery, the
adequacy of surgical hemaostasis and the surgical and anaesthetic techniques used;

2.) The volume of blood loss that the patient can tolerate before transfusion is indicated,
Thus the reduction of the transfusion requirement and of the use of allogeneic transfusion
can be obtained by adopting two different strategies:

I.) Reducing of intra and post-operative blood loss; or

2.) Increasing the tolerated blood loss.

Tolerated blood loss can be increased by following guidelines for a correct indication of
blood transfusion, lowering intra and post operative transfusion trigger or expanding
the circulating RBCs mass of the patients through the preoperative correction of ane-
mia with ematinics, utilizing preoperative blood donation, or stimulating erythropoie-
sis with rHUEPO treatment,

Indication for blood transfusion in surgery

The objective of blood transfusion in the majority of surgical and traumatic patients is
to prevent or correct tissue hypoxia following acute blood loss. For many years has
been internationally debated the definition of the values of Hb/Hct to be considered as
transfusion trigger. Although there is a general agreement that the decision to transfuse
depends not only on the values of Hb or Hct but has to be the conclusion of a thor-
ough clinical evaluation, it is accepted that blood transfusion is rarely necessary when
Hb is higher than 9 g/dL, most patients should receive blood transfusion when Hb is
lower than 7 g/dL and when Hb is between 9 g/dL and 7 g/dL the decision to transfuse
should be based on clinical judgment (1-3).

Recently proposals to lower transfusion trigger have been discussed based on the
results of studies performed in critical care patients comparing restrictive versus liberal
RBCs transfusion policy, and on the experience acquired in patients refusing blood
transfusion. In critically ill patients no difference in mortality at 30 day, organ dysfunc-
tion score, length of stay in intensive care unit and total hospital stay between the two
groups has been documented (4). Moreover in patients who refuse blood transfusion
it has been shown that when Hb is < 5 g/dL in most cases mortality is due to anemia
but when Hb is > 5 g/dL there is a lack of substantial rate of mortality due to anemia
(5). This might reassure clinicians in their decision to consider lower transfusion trig-
gers. However transfusion at a rigid Hb threshold without consideration of the patient's
general clinical condition should become an increasingly infrequent event because there
are many conditions limiting the ability to anemia (table |). Patients at greater risk of
undertransfusion are reported in table 2.
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Table | Conditions limiting the ability to adapt to anemia

Age = impairment of cardiovascular and respiratory adaptation.
Cardiopathy limiting cardiac output adaptation capacity

aortic stenosis;

obstructive cardiopathy, cardiac insufficiency;

fixed-frequency cardiac stimulator, auricular fibrillation;

Coronary insufficiency = patients in whom myocardial ischaemia can be induced by
a reduction of circulating Hb.

Chronic hypoxemia = respiratory insufficiency.
History of cerebrovascular accidents.

Assumption of drugs interfering with adaptation mechanisms.

Table 2 Patients at greater risk of undertransfusion

Intensive care patient

High fluctuation of Blood Volume (BV)
Pre-term infants

Variable BV according to clamping time
Elderly "medical" and "post-surgery" patients
Edematous critical care patients

Hypovolemia generally unrecognized

The Policy adopted in our hospital and agreed upon with surgeons and anesthesiole-
gist is reported in table.3.

Tab 3 Transfusion trigger in different operative period

During general anesthesia: The reduction in metabolic needs reduces the risk of O2
transport insufficiency (Hb = 7 g/dL are well tolerated).

Awakening period: Q2 demand increases (Hb = 8-9 g/dL).
Postoperative period: Depends on the possible continuation of hemorrage on

the energy needs for the reeducation and convalescence
(Hb=8-10 g/dL according to cardiovascular considerations).

Relationship between anemia and transfusion requirement

Tolerated blood loss is mainly affected by the clinical conditions of the patient, particu-
larly by the cardiopulmonary condition and the haematological status. Low baseline
hematocrit has been shown to be a critical parameter in affecting transfusion require-
ment. The incidence of preoperative anemia is relevant in many categories of patients
but particularly in patients with anemia of chronic diseases [ACD] (1,2). The patients
more interested by this type of anemia are those with cancer and rheumatoid arthritis
(6,7).

Anemia is common in cancer patients, especially in those with more advanced stages
of progressive tumor growth (8) and represents an important compenent of the mor-
bidity related to the malignancy. Few data are available on the frequency of anemia,
however it has been reported that about one half of patients with cancer are anemic,
the frequency varying on type of cancer, stage and chemotherapy or radiation therapy
used. The pathophysiology of the anemia associated with malignancy is muftifactorial
and not completely understood. However in the majority of cases the ACD plays a
major role. The anemia generally develops slowly and is usually mild to moderate in



severity with hemoglobin values in the 8-10 g/dL range. However, specially in patients
receiving chemotherapy values can be < 7 g/dL. It has been reported that the per-
centage of patients requiring transfusion ranges from 20 to 50% (8). The percentage
dramatically increases when patients undergo cancer surgery: in a meta-analysis of 14
studies in colorectal cancer it was calculated that allogeneic blood transfusion was given
in 45-84% of subjects (9).

As for cancer patient, anemia is one of the most frequently occurring extra-articular
manifestations of rheumatoid arthritis. Although iron, vitamin B 12 and folic deficiencies
are quite prevalent as indeed is the anemia arising from complications during anti-
rheumatic drug therapy, ACD is one of the major underlying causes of low hematocrit
values in these patients. The anemia is usually mild and relatively well tolerated (gener-
ally no more than 10% of the patients have a severe anemia) (10). However when
progression of the disease requires major orthopedic surgery, anemia can preclude
the collection from the patient of sufficient blood to cover his or her transfusion needs.

Low baseline hematocrit values, however, have been found detrimental also in surgi-
cal patients without underlying diseases candidate to elective orthopedic surgery (1 1).
Indeed it has been demonstrated that in patients enrolled in predonation program the
inability to donate the optimal number of autologous units is the major cause of alloge-
neic transfusion (fig. 1).
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Fig. | Percentage of patients avoiding homologous blood (HB) transfusion, mean
perioperative blood loss, mean number of homologous blood units transfused and mean
hematocrit values at baseline, 3 days and 7 days dfter surgery in 660 patients
undergoing primary total hip replacement subdivided according the number of
autologous blood units predeposited.

The volume of blood that the patient can predeposit during the period before the
operation is a function of the total circulating red blood cells (RBCs) mass and the rate
of recovery of Het after collection. A low baseline hematocrit not only preclude the
possibility of predonation when is below 34%. but also significantly affect the quantity
of blood that can be donated. For each unit of autologous blood (350-450mL) col-
lected, a mean decrease of |g/dL of hemoglobin and 3 points of hematocrit is ob-
served. With the collection of 3 units of blood the Hct value is reduced by about 10
points. Consequently in a relevant percentage of patients with baseline Hct below 39-
40 9 the value drops below 34% (threshold value for donation) after the collection of
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the first or second bleeding. It has been estimated that anemia precluded the enrol-
ment into the donation program of |0% of surgical patients and limited the number of
units collected in 319 of the patients (I 1).

To define the critical Hct value below which the patients would be at higher risk of
receiving allogeneic blood transfusion we correlated the number of units actually
predeposited by the patients and the need to integrate autologous blood with alloge-
neic blood to the baseline Hct value. We found that when baseline Hct values were
lower than 37% the blood that the patients could predeposit (0-1 unit) was generally
insufficient to cover their transfusion need; when Hct values were included between
37% and 40% autologous blood donations covered transfusion requirement in ap-
proximately 56% of cases, while when Hct values were higher than 409% the patients
could predeposit 3 or more units of blood and were exceptionally exposed to the risk
of being transfused with donor's blood. (11 (fig3).
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Fig.3 Relationship of baseline hematocrit to the number of autologous units collected
and the ability to cover transfusion needs exclusively with the use of autologous blood
To better define the distribution of the baseline Hct values in the orthopedic surgical
patients population we analysed the data from 2183 patients candidates to different
orthopedic surgical procedures in the Orthopedic Institute of the University of Milan.

Patients have been subdivided into different classes according to the baseline Hct value
and the underlying disease conditioning the need for surgical intervention (tab.4). Out
of 2183 evaluated patients, a total of 381 patients (189%) had a baseline Hct lower than
34%, value that prevents the use of PABD, method of proven efficacy to reduce the
use of allogeneic bloed in surgical patients. Moreover a total of 1010 patients (469%6)
had baseline Hct values between 34% and 40% and are at high risk of allogeneic
blood transfusion when undergoing to major arthopedic surgical procedures with ex-
pected transfusion need of 2-3 units. Only 792 patients (369) had optimal baseline
values (higher than 4096). As expected the incidence of baseline Hct values lower than
349 was only 7% in patients whose underlying disease was arthrosis but increased to

-25%, 30% and 42% in patient with rheumatoid arthritis, cancer or sepsis, respec-

tively. In trauma patients the incidence of such a low value resulted to be 35%.

The last 1034 have been thoroughly examined for iron deficiency. In 73 patients (7%)
an iron deficiency has been documented. Sixty of these patients have been treated
with intravenous administration of iron sucrose (700-%00 mg of elemental iron). In 30
day an increase of Hct from 35.4% + 2.7 to 37.6% + 2.0 was documented with a
mean RBCs production of 135 ml.



Tab 4. Distribution of baseline hematocrit in orthopedic surgical patients operated at
the Gaetano Pini Orthopedic Institute in 1997

20.5%-29.9%  30%-33.9% 34%-399% 40%-559% TOTAL

Noof Pts 129 252 1010 9

(96 of total) (&) (el (46) (36) 2183
99 03 83 389 -

Female (6.5%) (13.3%) (54.6%) (25.6%) 1522
30 49 179 403

Male (4.5%) (7.5%) (27%) (61%) 661
19 70 624 585 W

Arthrosis (1.5%) (5.5%) (18%) (45%) 1298

Rheumatoid 6 16 42 19

Arthritis (7%) (18%) (52%) (23%) 82
|4 |7 39 33

Cancer (14%) (16%) (38%) (32%) 103
8 |16 |17 |6

Sepsis (14%) (28%) (30%) (28%) 57
78 126 264 13

Trauma (13%) (229%) (45%) (20%) 58]
4 8 24 26

Other (6%) (13%) (39%) (429) 62

Accordingly to the analysis a consistent proportion of patients undergoing major surgi-
cal procedures can be expected to be unable to face perioperative transfusion need
exclusively with the use of autologous blood obtained utilising the currently available
autotransfusion techniques (PABD, perioperative blood salvage and ANH). In these
patients the administration of recombinant human erythropoietin (rHuEPO) may be a
valuable adjunct to increase the efficacy of all the autotransfusion techniques (12,13).

Several studies have evaluated, in different group of patients, the efficacy of rHUEPO in
enhancing the collection of autclogous blood in patients candidate to elective surgery,
in correcting anemia before surgery and in accelerating postoperative erythropoietic
response thus reducing the use allogeneic blood (14-20). In all the clinical studies
considered, rHUEPO was found to be effective in stimulating erythropoiesis and in-
creasing new RBC production (although this was found to vary considerably 250 to
900 mL) and the number of units predeposited. It was also effective in correcting
anemia induced by blood collection.

The increase in the amount of blood deposited correlated fairly well with the dose of
rHUEPO administered. The most common treatment protocol used involved |V ad-
ministration twice weekly for 3 weeks together with oral iron supplements. Total doses
of less than 600 1U/Kg were ineffective in promoting sufficient erythropoiesis to signifi-
cantly increase the volume of predeposited blood. Higher doses vield a dose-depen-
dent production of new RBCs ranging from 250 mL for total doses of 600 1U/Kg to
maore than 900 mL for doses of 3,600 IU/Kg. It should be noted that, despite oral iron
supplementation, the effect of rHUEPO therapy in autologous donors is very often
restricted by iron depletion. Intravenous iron administration allows a more adequate
iron supply for erythropoiesis, with either an increased Hb response to the same dose
of rHUEPO or a reduction in the dose of rHUEPO required. With the use of IV iron
sucrose, RBC regeneration and velume of predeposited blood were identical when
total rHUEPO doses of 1,800 and 3,600 [U/Kg were compared. The effectiveness of
the SC route for rHUEPO has been shown in several studies. In our experience (Fig
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4), SC administration for rHUEPO combined with intravenous iron is h‘ighly effective in
autologous blood donation and, compared with intravenous administration, allows a
marked reduction (approximately 55%) in the total rHUEPO dose (26).
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Fig 4 Production of new RBCs in patients treated with IV rHUEPO at a total dose of
18001U/kg and in patients treated with SC rHUEPO at a total dose of 800/U/kg. Both
groups received 1V iron supplementation

Recently, some studies have also evaluated the role of rHUEPO in those subgroups of
patients for whom preoperative autologous blood donation is not feasible (28). These
include patients with anemia or other disorders precluding donation, patients with
limited time to surgery, and individuals whao are unwilling to participate in an autole-
gous blood donation program because of logistical problems or religious beliefs. For
example, postponing the operation in cancer patients or candidates to heart surgery
might be more detrimental than receiving allogeneic blood transfusion. In one such
study, (29) three different doses of r-HUEPO were used (3000, 6000 and 2000 i.v. 3
times a week for 2 weeks before and after surgery) combined with intravenous iron
treatment. In a later perspective placebo controlled double blind study, (30) 2 different
doses of -HUEPO (300 IU/Kg and 150 IU/Kg) were administered subcutaneously for
eight consecutive days during the pre-operative period (from day -5 to day +2). A
reduced transfusion requirement was evident in both studies.

Perisurgical use of rHUEPO in patients undergoing elective hip replacement reduced
from 74% to 33% the portion of patients requiring transfusion when their baseline Hb
was lessthan 13.5 g/dL . (31) Two additional studies have shown significant reduction
in transfusion rates with perisurgical use of rHUEPO in subjects undergeing orthopedic
surgery with baseline Hb levels between 10 and 13 g/dL. (32,33)

A short-term perisurgical treatment was used in a pilot study at our institute. Sixteen
patients for whom predeposit was contra-indicated for various clinical reasons and
who were about to undergo major orthopaedic surgery with a predicted transfusion
requirement of 2-3 units of blood were enrolled in the study. The protocol involved
subcutaneous administration of -HUEPO at a daily dose of 100 IU/Kg beginning 4 days
before surgery (day-4) up to the second day following surgery (day + 2). On the first
day of treatment, one 200 |U/Kg bolus was also administered intravenously. Intrave-
nous iron sucrose was administered concomitantly at a total dose of 600 to 1000 mg,
according to baseline iron reserve levels. The treatment produced a 2% to 7% in-



crease in Hct, with average increase in circulatory RBC mass of some [00mL (from O
to 245) before surgery. Twelve of the 16 patients did not require allogeneic transfu-
sion, whereas a total of 6 units of blood was transfused in the remaining 4 patients
(34). Although preliminary these findings suggest that rHUEPO administration together
with IV iron during a pre-operative period of 4-5 days is able to stimulate erythropoie-
sis significantly, expand the circulatory red cell mass and reduce the transfusion re-
quirement in patient who, for clinical or logistic reasons (heart surgery and cancer
patients) are not able to deposit autologous units prior to elective surgery. Because of
the short time period, this protocol could also be offered to a proportion of accident
patients about to undergo surgery, when surgery is planned to take place 4-5 days
after injury.

Finally rHUEPO administration ha been investigated also in surgical patients with ACD.
In a pilot study carried out in our Centre, | | rheumatoid arthritis patients candidates to
major orthopedic surgery were selected for their inability to donate blood for autolo-
gous use because of anemia (Hct <349) and received rHUEPO 300 IU/Kg in combi-
nation with iv iron sucrose (100 mg of elemental iron) twice a week for 3 weeks (35).
Transfusion treatment was compared with that of |2 untreated patients with anemia of
comparable severity. The study demonstrated the safety and efficacy of rHUEPO in
stimulating erythropoiesis, allowing preoperative donation of blood for autologous
use and reducing exposure to allogeneic blood in anaemic rheumatoid arthritis pa-
tients. Indeed control patients could not preoperatively deposit any bloed unit for
autologous use, while all but one of the rHUEPO treated patients deposited 2 or more
units. The control group received more allogeneic units than control patients (mean
26 + 1.6 vs 0.8 + 0.8, p=0.009). Moreover 50% of rHUEPO treated patients as
compared with 8% of controls completely avoided allogeneic transfusion.

Recombinant EPO has been shown to be effective in combination with ABD in pa-
tients undergoing transurethral resection of the prostate for treatment of prostate can-
cer (36). Of the 266 patients who took part in the study, |34 predeposited blood. The
rate of allogeneic blood transfusion was 6.7% in this patient group, compared with
| 4.79% among patients who did not donate autologous blood precperatively. Further-
more, in 6 patients who received concomitant rHUEPO therapy during preparative
ABD, the reduction in Hb level during the predonation period was significantly less
marked than ameng untreated patients (-0.4 g/dl vs - 1.9 g/dl; p<0.05). Another study
involved the inclusion of rHUEPQO (150 IU/Kg subcutaneously three times weekly) into
the intensive necadjuvant chemotherapy regimen of |5 patients with sarcomas, in
order to prevent the development of anaemia and allow preoperative ABD (37). Twelve
patients with identical necadjuvant chemotherapy acted as controls. Intotal, 14 rHUEPO-
treated patients (93%) donated autclogous blood; one patient could not donate as a
result of severe iron-deficiency anaemia. No patient in this group required blood trans-
fusion during chemotherapy, compared with 8 patients (67%) in the control group.
Hence, rHUEPO was found to be effective in reducing the incidence of anaemia and
transfusion frequently associated with intensive chemotherapy. In addition, treatment
with rHUEPO permitted patients to donate autologous blood preoperatively, thereby
reducing the risk of exposure to allogeneic blood.

Owing to the high cost of rHUEPO treatment, its routine use is unlikely to be cost-
effective. To better select those patient who are very likely to benefit from this treat-
ment we defined a more personalised approach to calculate the expected transfusion
need for each single patient (38).

We retrospectively applied the algorithm to 577 patients each of whom predonated 2
or 3 units of autologous blood prior to total hip replacement surgery and subdivided
the patients according to the calculated transfusion requirement (tab.5). It can be ob-
served that in patients with calculated transfusion need higher than 500 mL of RBC
(representing less than 5% of total evaluated patients), in spite of the utilisation of all



the currently available autotransfusion techniques only 68% of the patients avoided
the use of allogeneic blood while this figure was more than 95% in the group of
patients with calculated transfusion need lower than 200 mL of RBC. In this group of
patient with low calculated transfusion requirement an overcollection of autologous
blood has been documented as demonstrated by the wastage of about 209% of the

autologous units collected.

Tab.5 Transfusion results in 577 patients operated for total hip replacement subdivided
according to the expected transfusion requirement calculated with the algorithm (38)

Transfusion requirernent =0 0-100  100-200 200-300 300-400 400-500 =500
50 48 67 S0 |39 156 2T
NOof Pts (%6 of total)  (8.7%)  (8.3%) (11,6%) (156%) (24,19%) (27%) 4,7
% male 98 93 i 39 6,5 1,3 0
Units predeposited 103 109 155 230 355 372 64
(unit / Pt) (2,0) (2,2) (2.3) (2,5) (2,5) (2,4) 249
20 21 29 33 28 |9 0
Units not transfused (194 (192%) (18%)  (12%)  (8%) (5%) (0%)
Pts transfused only auto 989 98%  95% 85%  82% 80% 68%
& |6 24 26 25 |7 0
Pts with discarded units ~ (32%) (33%) (32%) (28%) (18%) (11%) (0%)
Pts transf. with all AB
Hat<27 % (149) (18%) (15%) (24%)_ (37%)7 (47%) (66%)

If we had applied the algorithm for the choice of the most appropriate blood conserva-
tion strategies we would have been avoided unnecessary collection of AB in patients
with low transfusion requirement thus saving resources that could have been utilised
for a rHUEPQO treatment in patients at higher risk to require allogeneic blood transfu-
sion because of low baseline Hct values..
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