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Abstract: Total hip arthroplasties aim to improve quality of life and reduce pain in patients suffering
from late-stage hip osteoarthritis. On the other hand, it may represent a risky surgical procedure
in people who refuse blood products because of religious beliefs, such as Jehovah’s Witnesses
(JW). Preoperative optimisation protocols of these patients allow medical professionals to perform
arthroplasties in a safer manner, avoiding allogeneic blood transfusion. In our retrospective study,
two groups of patients were evaluated. Group 1 included JW patients who underwent a preoperative
Hb optimisation program; Group 2 included non-JW patients authorizing transfusion in case of
necessity. Differences in Hb levels were as follows: before surgery (JW 14.24 + 1.10 vs. non-JW
12.48 £ 1.00, p-value < 0.05), and after surgery (day 1 Hb: JW 12.88 & 0.90 vs. non-JW 10.04 + 1.30,
p-value < 0.05; day 3 Hb: JW 14.65 £ 0.80 vs. non-JW 9.10 + 0.90 p-value < 0.05). Moreover,
cost-effectiveness strategies were evaluated in both groups. Our findings support that patient blood
management programs are a safe and good strategy in hip prosthetic surgery, decreasing risks and

transfusion overuse.
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1. Introduction

Major Orthopaedic surgery, including total hip arthroplasty, may result in signifi-
cant perioperative bleeding, thus requiring allogeneic red blood cell (RBC) transfusions.
Since pre-operative haemoglobin (Hb) concentration is a major predictor of peri-operative
transfusion, Hb optimisation before surgery is a cornerstone in patient blood management
(PBM) [1,2].

Healthcare institutions are showing an increasing interest towards the PBM program
to reduce blood transfusion rates, since it is one of the most abused and expensive treat-
ments [2]. In recent years, moreover, National Blood Centre (CNS) data have reported a
decreasing trend in blood donor rates in Italy [3].

Furthermore, the population’s mean age is increasing, meaning that, in future years,
there will be an increased need for blood components for elderly patients and a concomi-
tantly reduced pool of donors among young people [3]. Finally, blood component quality
and safety requirements are higher nowadays, thus also having an increased cost [3].

The multimodal PBM approach is more effective than the traditional transfusion
approach, from both a clinical and an economic point of view. Nevertheless, the cost-
effectiveness of Hb optimisation as a single PBM strategy has not been evaluated in patients
undergoing orthopaedic surgery [4-13].

PBM programs that reduce the risk and use of transfusions also have reverberations
about ethical, spiritual, and religious issues [4-13].
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In many National Health contexts, especially in Western Countries, several Laws
have been promulgated according to the Hippocratic ethical tradition, where the patient’s
conscious and freely expressed concern about his/her health condition becomes the nodal
point of the lawfulness of medical/surgical treatment.

Many of these laws, such as Italian Law n. 219, regulate informed consent for patients
who must undergo medical treatment and concerning the future diagnostic therapeutic
practices known as a living will [14].

Although religiosity and spirituality are sometimes underestimated in daily clinical
practice, they play a central role in medicine and surgery. This datum is confirmed when
considering Jehovah’s Witness patients’ “religious restrictions” in the approach to the
healthcare system. These restrictions rely on the principles which state that a human
being’s soul lies in the blood and, as such, it cannot be passed on to another person.

The current legislative direction in Western countries is to promote and enhance the
relationship of care and trust between doctor and patient, the professional autonomy and
responsibility of the doctor, the decisional autonomy and right to self-determination, to
make an informed and voluntary choice about the possible treatment of the patient [15].

This study aims to evaluate the Hb levels and the cost-effectiveness of pre-operative
Hb optimisation, to avoid the need for RBC transfusion, in Jehovah’s Witness (JW) patients
undergoing THA and refusing allogeneic blood.

2. Materials and Methods

A retrospective study recruiting 60 patients undergoing primary total hip arthroplasty
(THA) for primary hip osteoarthritis (HOA), between January 2018 and January 2023 was
conducted at our university hospital.

The recruited patients were divided into two different groups. Group 1 included 30 JW
patients who refused blood transfusions and underwent a pre-operative Hb optimization
program to avoid severe postoperative anaemia and subsequent transfusion indication.
The preoperative Hb optimisation program started 1 month before surgery. At recruitment,
all Group-1 patients underwent a complete blood count test and a Transfusion Medicine
Specialist’s (TSM) consultation and complementary lab exams, including serum ferritin,
serum transferrin, TSAT, folate, vitamin B12. were performed when necessary to investigate
the underlying cause of anaemia. Based on the lab test results, the TSM evaluated the
need to start one of the following treatments: oral iron therapy, intravenous (IV) ferric
gluconate, IV ferric carboxymaltose (Ferinject® 500 mg or 1000 mg), vitamin B12, oral folate,
or recombinant erythropoietin.

Additional TSM consultations were required to re-evaluate the patients” anaemia until
no surgery contraindication was finally declared. Intraoperative blood saving (I0S) was
used during all of the Group-1 patients’ surgical procedures.

Group 2 included 30 gender-, age-, and comorbidity-matched non-JW patients, who
underwent THA for primary HOA between January 2016 and December 2017 at our insti-
tution, approving intraoperative/postoperative homologous blood transfusions if needed.
They did not receive a routine TSM consultation nor erythropoietic stimulating therapy
unless anaemia was diagnosed during the first pre-hospitalization visit after lab tests. All
Group-2 patients received RBC transfusions to correct postoperative anaemia. Homolo-
gous blood transfusion was performed in the presence of all the following conditions: Hb
between 7-10 g/dL; clinical signs of anaemia; and cardiac or pulmonary comorbidities.

Comparison between the groups showed no significant differences in terms of gender
representation, mean age, and comorbidities (ASA score, Charlson Comorbidity Index).

According to clinical and radiographic parameters, the preoperative diagnosis was
late-stage hip osteoarthritis for all patients [16-19].

The study aimed to evaluate Hb levels at pre-hospitalization, before and after surgery
(day 1, day 3).

Results are reported as the mean 3= SD. The Shapiro-Wilk test was performed to assess
the normal distribution of the data. An unpaired t-test was used to perform pairwise
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comparisons for pre-hospitalization, preoperative, day 1, day 2, and day 3 Hb mean values
between the 2 groups. The Wilcoxon rank sum test was performed to compare Group-1
and Group-2 costs. Significance was set for p-values < 0.05.

Drug prices were gathered from the Italian Drug Administration Agency (AIFA)
website, while the cost of a single hospital transfusion medicine consultation was gathered
from the local regional price list. Two different price values were taken into consideration
for RBC transfusion. The price of a single RBC unit is EUR 181.00 (as established by
local law [5]), while the estimated cost of the entire transfusion procedure (blood group
tests, type and screen, medical consultation, distribution procedures of blood components,
traceability, hemovigilance, and adverse reactions management) is EUR 400.00 according
to CNS orthopaedic recommendations [3].

Surgical Procedure and Aftercare

Surgical procedures were performed by the same surgical team in both groups with
identical operative techniques for primary THA, using a posterolateral approach to the
hip. The following pharmacological anti-thromboembolic prophylaxis was administered in
both groups: low molecular weight heparin (Enoxaparin 40,000 UI) at a dose of 0.4 mL per
day subcutaneously, starting from the evening before the operation and continuing for an
average of 30 days. No postoperative intraarticular drainage has been used since there are
no significant advantages regarding blood loss, transfusion rate, and pain, meaning it was
also cost-saving [19].

3. Results

The main data of the study are summarized in Table 1. Table 2 compares the perioper-
ative Hb levels in both groups.

Table 1. Main data of the study.

JW (Group 1) Non-JW (Group 2)
Age
Mean =+ SD 64.7 £ 4.77 64.33 +5.35
Range 56-73 57-74
Gender
Female, n (%) 16 (53.3%) 16 (53.3%)
BMI
Mean =+ SD 26.54 +3.44 26.21 £3.76
HHS
Mean + SD 56.35 + 4.67 55.77 £5.35

SD = Standard deviation; HHS = Harris Hip Score.

Table 2. Summary of Hb values.

JW (Group 1) Non-JW (Group 2) p-Value *
Hb values (mean + SD, g/dL)
Pre hosp. 13.71 £ 1.00 12.69 £+ 1.10 0.08
Pre-surgery 14.12 £ 1.10 1248 +1.44 0.023
Post-op day 1 12.88 £ 0.90 10.04 £ 1.30 0.01
Post-op day 3 11.68 £ 1.23 9.10 + 0.90 0.003
Mean post-op Hb decrease —0.90 + 0.73 —2.43+0.81 0.006

(mean + SD, g/dL)

* Comparison between groups.

In the JW group (Group 1), each patient was screened for preoperative anaemia
detection and management. The Hb optimisation program was even employed in non-
anaemic patients, to obtain better preoperative Hb levels.
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The Hb optimisation program in the JW group proved effective since a significant
difference between after-treatment mean preoperative Hb (14.24 £+ 1.10 g/dL) and pre-
hospitalisation mean Hb (13.71 & 1.00 g/dL) was observed.

In the non-JW group (Group 2), no patient received preoperative Hb level optimisation.
They were all transfused after surgery since they all developed post-operative anaemia,
while in the JW group, no patient received blood transfusion even when they developed
postoperative anaemia.

A statistically significant difference between patients who underwent perioperative Hb
optimisation (the JW group), and the non-JW group was evident. Comparison between the
groups shows (Table 1) Hb levels (g/dL) before surgery were as follows: JW 14.12 £ 1.10
vs. non-JW 12.48 & 1.44 (p-value = 0.023); after surgery, day 1 Hb: JW 12.88 & 0.9 vs.
non-JW 10.04 & 1.30 (p-value = 0.01); day 3 Hb: JW 11.68 % 1.23 vs. non-JW 9.10 £ 0.90
(p-value = 0.003). Hb concentrations declined following surgery. In the JW group, the
mean Hb concentration decrease was 0.9 £ 0.63 g/dL. In the non-JW group, the mean Hb
concentration decrease was 2.43 + 0.80 g/dL.

A statistically significant difference was observed in the magnitude of the mean
operative decrease in Hb concentration between the JW group and the non-JW group
(p-value < 0.05) (Figure 1). This was caused by the employment of intraoperative blood
salvage, more accurate haemostasis and the employment of intravenous tranexamic acid
during surgery.

® W

® non JW
16.00

12.00 : —

10.00

8.00

Hb (g/dL)

6.00
4.00
2.00

0.00
pre hosp. pre surgery day 1 day 3

Figure 1. Evolution of mean Hb values in the JW and control groups pre-hospitalisation, pre-surgery,
day 1, and day 3.

Cost-wise, the mean expense of treating the JW group (including drugs and transfusion
medicine consultations) was EUR 561.16, while the non-JW mean cost was EUR 318.88 per
transfused RBC unit.

Furthermore, considering the costs of the transfusion procedure (blood group tests,
type and screen, medical consultation, distribution procedures of blood components, trace-
ability, hemovigilance, and adverse reactions management) the mean cost of a non-JW
patient rises to EUR 669.29. Nevertheless, in both cases the mean cost of the two groups had
no statistically significant difference (p > 0.05), meaning that the two groups of treatment
have the same economic burden.
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4. Discussion

THA has been elected the operation of the 20th century, as its introduction in daily
orthopaedic practice has radically revolutionized the natural history of hip osteoarthritis,
with very satisfying long-term results reported [1].

Currently, THA surgery is one of the surgical procedures most frequently performed
in orthopaedics and traumatology. The main surgical indications for THA are intracapsular
hip fractures and both primary and secondary hip osteoarthritis [2,3].

Osteoarthritis (OA), because of its high prevalence in Western countries, is a leading
cause of disability and pain in elderly people. The Osteoarthritis Research Society Inter-
national (OARSI) defines OA as “a disorder involving movable joints characterized by
cell stress and extracellular matrix degradation initiated by micro-and macro-injury that
activates maladaptive repair responses including pro-inflammatory pathways of innate
immunity” [14].

OA, affecting 250 million individuals worldwide, especially adults older than 65, is a
significant social health problem [15]. Although several genetic and environmental risk
factors promote the development of OA, including body mass index (BMI), gender, age,
physical activity, ethnicity, and muscle weakness, the exact pathogenesis of OA remains
unclear [14]. Recent studies have discussed a potential relationship between gut microbiota
alterations and OA-related functional limitations and pain [14-21].

Iron deficiency (ID) is a pathologic condition characterized by insufficient iron availabil-
ity concerning the organism’s needs [22]. It could be present with or without anaemia [22].
ID is the most common nutritional deficiency worldwide, especially in the female sex, and
can be found in several chronic diseases including chronic kidney disease, chronic heart
failure, and inflammatory bowel disease. I could be asymptomatic or present with specific
signs and symptoms, including impairment of cognitive functioning, restless leg syndrome,
chronic fatigue, musculoskeletal dysfunction, and anaemia [22]. Consequently, ID is often
underdiagnosed [22]. If anaemia is absent, ID should be diagnosed with the following con-
sensus laboratory test cut-off values: serum ferritin < 100 ng/mL or transferrin saturation
(TSAT) < 20% [22].

Treatment options for ID fall into two broad categories, oral and intravenous (IV) iron
preparations. When choosing adequate therapy, the following factors should be considered:
the degree of the iron deficit; the patient’s inflammatory status; and the time frame that is
available to achieve adequate iron stores [22].

Oral iron treatments (i.e., ferrous sulphate) are the most widely used, mainly because
of their lower costs, but several limitations impact their effectiveness in patients with
inflammatory conditions. Oral iron absorption from the ingested amount is low (on
average 10%). During active inflammation, iron absorption is further reduced because of
hepcidin-mediated ferroportin inhibition. Thus, in these cases, oral iron supplementation
may fail to supply sufficient iron amounts. In addition, the efficacy of oral iron preparations
may be limited by the prolonged treatment course (typically months) required to replenish
iron stores and the high rate of treatment-related gastroenteric adverse effects, potentially
resulting in poor patient compliance and suboptimal response to medication [23].

The alternative solution, IV iron treatment, can deliver a larger iron supply, effectively
replenishing iron stores more rapidly than oral iron and bypassing the risk of GI side
effects because of the administration route. The IV treatment options include iron sucrose,
ferric gluconate, iron isomaltose, iron poly-maltose, and ferric carboxymaltose. IV ferric
carboxymaltose (Ferinject®) is a colloidal solution composed of a polynuclear iron III-
oxyhydroxide core stabilized by carboxymaltose. This complex is phagocyted by the
macrophages, degraded in the reticuloendothelial system and further delivered to the
iron transporter protein transferrin [23]. Consequently, no large amounts of ionic iron are
released into the serum [23].

In the Randomised Control Trials (RCTs), ferric carboxymaltose was revealed to be
effective in the postoperative treatment of patients suffering from anaemia following
TKA [24] or major orthopaedic surgery [25]. In TKA patients with perioperative anaemia,
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ferric carboxymaltose was more effective than oral ferrous glycine sulphate in achieving a
Hb level > 12 g/dL [24].

In the previous perspective, non-interventional multicentre studies recruiting patients
undergoing major orthopaedic surgery, preoperative ferric carboxymaltose was compared
with retrospective cohorts of anaemic patients treated with preoperative iron sucrose [26].
Patients receiving ferric carboxymaltose were significantly more likely to achieve iron
replenishment than the historical cohort receiving iron sucrose (82 vs. 62% of patients;
p < 0.05). Moreover, patients treated with ferric carboxymaltose received fewer drug doses
(mean 2 vs. 5 doses) and were less likely to require a blood transfusion (9 vs. 24%) [26].
Furthermore, a recent randomised multicentre study has demonstrated the superiority
and safety of carboxymaltose iron infusion compared to oral marital therapy in the correc-
tion of iron deficiency anaemia, especially in patients who were non-responders to oral
therapy [27,28]. The mean Hb increase was significantly greater in FCM receivers than in
the oral iron-treated group (1.57 g/dL vs. 0.80 g/dL, p = 0.001) [27].

In the EU, ferric carboxymaltose administration is advised when oral iron preparations
are ineffective or contraindicated. Common adverse drug reactions observed during clinical
studies or reported in post-marketing experiences include nausea (the most frequent
reaction), injection site reactions, hypophosphataemia, headache, flushing, dizziness, fever,
and hypertension [29-31].

This retrospective study aims to evaluate the effectiveness of a change of practice in
the preoperative treatment of anaemia using iron supplementation as recommended by
CNS orthopaedic recommendations [3] to reduce the rate of allogenic blood transfusions.

This new approach testing took place firstly in JW patients who refuse blood transfu-
sions for religious reasons, considering their bloodless-surgery approach an opportunity
to implement blood-saving strategies whose benefits will affect every patient. Previous
studies proved that the preoperative Hb optimisation program reduced the incidence of
postoperative anaemia and the use of allogenic blood transfusion in THA [5]. Hou et al.
found that an Hb level at admission < 12.4 g/dL is a predictor of blood transfusion [6] thus,
a good optimisation program can permit to performance of this type of surgery safely. This
is confirmed by another study showing that a good preoperative Hb protocol allows the
execution of joint arthroplasties without allogenic transfusion in anaemic patients [7].

In addition, this is in line with the data reported by Mottla et al., who stated that
arthroplasties are safer with a preoperative optimisation program [8]. Moreover, RBC
transfusion has several adverse effects identified in different studies. These comprise
longer hospital stays, increased 90-day mortality, post-operative cardiac complications,
acute haemolytic reactions, pneumonia, and bacterial infections [9-11]. We compared this
approach ( in the JW group) to the transfusion-based approach without preoperative Hb
optimisation (in the non-JW group), proving that JW patients have better Hb values pre-and
post-operatively.

A significative difference was shown among the pre-and post-operative (day 1, day 3)
Hb values of the JW patients who underwent Hb optimisation preoperatively and the
control group of non-JW patients (p < 0.05).

Other studies showed higher Hb values postoperatively in patients who underwent
perioperative Hb optimisation [5].

In this study, the costs of these two approaches have been analysed, since the PBM
approach is more effective from an economic point of view than the traditional transfu-
sion approach [4], but the cost-effectiveness of Hb optimisation as a single PBM strategy
has not been evaluated in patients undergoing orthopaedic surgery so far. We found
that, despite the great number of expensive drugs, lab tests, and transfusion medicine
consultations, there, is no significative difference (p > 0.05) between the mean cost of Hb
optimisation in a JW patient and the mean cost for transfusions in non-JW patients. Costs
directly borne by our clinic may seem greater for a Hb optimisation program than a blood-
transfusion approach but considering the overall esteemed cost of the whole transfusion
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procedure for the national health service (EUR 400.00) [3], the PBM approach reveals its
economic convenience.

It is important to consider saving blood components, given the decreasing rates
of blood donors and the increasing blood component costs, because of stricter safety
requirements. This point of view was not considered in our study, since all non-JW
patients received a blood transfusion, but it is proven by other studies [5]. Furthermore,
several studies on the restrictive haemoglobin transfusion threshold showed the same or
better perioperative outcomes compared to a more liberal transfusion threshold [12-19].
This is also confirmed by Gupta et al. who demonstrated how a restrictive haemoglobin
policy, combined with good patient blood management, is well tolerated even in elderly
patients [1].

Furthermore, it is important to note that recently the use of allogenic blood transfusion
has been related to a higher risk of periprosthetic joint infections (PJIs) [20], thus reducing
the number of blood transfusions could be also a useful strategy to lower the risk of PJIs.

Several studies on restrictive haemoglobin transfusion threshold showed the same
or better perioperative outcomes compared with a more liberal transfusion threshold [20].
This is also confirmed by Gupta et al., who demonstrated how a restrictive haemoglobin
policy, combined with good patient blood management, is well tolerated even in elderly
patients [1]. Other studies analysed the cost-effectiveness of preoperative Hb optimisation
strategies, and they also found seemingly increased costs in the optimisation group [21].
A hypothetical computer-simulated trial study calculated the cost per transfused patient
avoided and RBC unit spared for the different probability of transfusion in the optimisa-
tion group. As expected, costs increased exponentially as the probability of transfusion
decreased. There were no differences in transfusion requirements between the optimi-
sation and control groups for probabilities of transfusion over 20%. Cost savings fall to
zero when the proportion of patients who would require transfusion in the optimisation
arm decreases.

In other words, Hb optimisation is disadvantageous when applied to patients with
low transfusion probabilities, while it is cost-effective when applied to patients with high
transfusion risk. optimisation

One limitation of this study is that the Hb optimisation program was applied to all
patients in Group 1 since they were JW refusing blood transfusion in any case, including
when of vital necessity, so we had to eliminate every risk of recurring blood transfusion.

Furthermore, this is a retrospective study, and the surgeon was unblinded, therefore
he could take special care of JW patients during surgery.

5. Conclusions

PBM programs offer different treatment strategies to face Hb optimisation in elective
surgery. Our study adds to the growing body of literature regarding the efficacy of PBM
that can be applied to patients other than JWs. It is a safe strategy, reducing risk and
cost, and improving outcomes. Less importantly, PBM improves perioperative bleeding
management and reduces the incorrect use of blood transfusions.
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