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Male, 55-year-old

Calcification of the bicuspid aortic valve

Cardiac insufficiency

Double valve replacement for mechanical mitral and aortic valves
Cardiac surgery

Unusual setting of medical care

A blood cell saver, or autotransfusion system, is used to collect, wash, and return autologous blood collected
from the surgical patient. This report describes a 55-year-old man who underwent combined mitral and aortic
valve replacement surgery with cardiopulmonary bypass and had a successful outcome following intraopera-
tive and postoperative autologous blood transfusion using a blood cell saver.

The patient did not accept blood transfusion for reasons of religious conscience and was in a critical condi-
tion, receiving palliative care. He needed combined mitral and aortic valve replacement surgery. The surgery
was conducted using a cell saver (Sorin Xtra Autotransfusion System) in the intraoperative and postoperative
periods for 24 h, to resolve this challenging case, from a technical and ethical point of view. The volume of red
blood cells recovered intraoperatively was 1430 mL, with a hematocrit level of 40%, and 690 mL, with a he-
matocrit of 35%, in the postoperative period. Therefore, a significant volume of autologous blood was recov-
ered. The autologous blood transfusion resulted in an excellent clinical outcome for the patient, who was dis-
charged on the ninth postoperative day.

We can conclude that the use of a blood cell saver in cardiac surgery, in both intra- and postoperative periods,
resulted in the maintenance of adequate hemoglobin and hematocrit levels, no infection postoperatively, and
rapid and complete recovery of the patient. Thus, the use of the blood cell saver guaranteed the individual’s
autonomy to refuse blood products safely, with good clinical results, and without dependence on allogeneic
blood transfusions.

Blood Cells ¢ Thoracic Surgery
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Introduction

In open heart surgery, cardiopulmonary bypass (CPB) is a ne-
cessity. However, CPB induces a significant systemic inflam-
matory response that is associated with adverse clinical out-
comes, such as acute lung and kidney damage, which is also
influenced by the duration of CPB [1-4]. This inflammatory re-
action occurs due to mechanical shear stress and the contact
of blood cells with the artificial surfaces of the CPB. Thus, cell
lesions occur, induced by the activation of the vascular endo-
thelium, polymorphonuclear cells, and platelets, with an in-
crease in pro-inflammatory interleukins (IL-1, IL-2, IL-6, IL-8)
and tumor necrosis factor (TNF)-a.. With the release of pro-
teolytic enzymes and reactive oxidative species into the cir-
culation, damage occurs to the lung and kidney parenchy-
ma [1,4-6]. This inflammatory response in cardiac surgery with
CPB generates an acute response, sometimes resembling se-
vere infection during the immediate postoperative period [7].

In this context, red blood cell (RBC) transfusions are frequent-
ly used to maintain hemodynamic stability during and after
surgeries with CPB. However, as blood transfusion is a tissue
transplant, it promotes or exacerbates the inflammatory re-
sponse, together with a significant immunomodulatory effect,
increasing hospital morbidity and mortality [8-13]. Patients who
receive blood transfusions in cardiac surgery show greater ac-
tivation of polymorphonuclear cells and higher levels of IL-6,
with longer lengths of stay in the intensive care unit (ICU) and
the necessity of postoperative mechanical ventilation [5,14].

Thus, with patient safety as a focus, efforts have been made
to restrict the use of blood components through clinical and
surgical strategies that together form part of a patient blood
management (PBM) program. Based on 3 pillars, the PBM pro-
gram aims to reduce/avoid blood transfusion use and improve
clinical outcomes by reducing length of stay, infection, morbid-
ity, and mortality [15,16]. The first pillar involves optimizing
hematopoiesis, mainly in the preoperative period; the second
pillar consists of minimizing blood loss and bleeding in the in-
traoperative and postoperative periods; and the third pillar in-
volves using the patient’s physiological reserves and the patient
tolerating anemia, mainly in the postoperative period [17-19].

In the second pillar of PBM, recovering the patient’s own blood
cells by blood cell saver (BCS) equipment significantly reduc-
es the need for blood transfusion and its related risks. In ad-
dition, it provides the patient with fresh RBCs without storage
lesions, increasing their viability, maintaining their disc shape,
and improving the supply of oxygen to the tissues [20-25]. In
cardiac surgery, these advantages with the use of the BCS have
been widely demonstrated [26,27].
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The highlight of this case report is that, although the use of
the BCS has been consolidated in the intraoperative period,
blood recovery also occurred in the immediate postoperative
period, showing an extension in the use of this strategy. The
patient was in palliative care due to a critical condition and for
not accepting blood transfusions for reasons of religious con-
science, representing a challenging case from a technical and
ethical point of view. Thus, this report describes a 55-year-old
man with combined mitral and aortic valve replacement surgery
with CPB and a successful outcome following intraoperative
and postoperative autologous blood transfusion using a BCS.

Case Report

A 55-year-old male patient participated in a retrospective, non-
randomized, observational cohort study with a primary endpoint
to assess intra- and postoperative blood recovery after cardiac
surgery with CPB (ethical approval no. 40567520.8.0000.0021
from the Ethics Committee of the Universidade Federal do Mato
Grosso do Sul, Campo Grande, MS, Brazil). The patient signed
an informed consent form and did not authorize receiving al-
logeneic blood transfusion during the procedure for reasons
of religious conscience.

The preoperative diagnosis was calcification of the bicuspid
aortic valve, with secondary moderate mitral regurgitation be-
cause of left ventricular dilation outcome to volume overload
(cardiomegaly). The heart showed the left ventricle with global
hypo-contractility and ejection fraction of 40%, and atrial fibril-
lation. The patient had a clinical indication for surgical treat-
ment since 2016. However, because of the non-acceptance of
receiving an allogeneic blood transfusion, he was evaluated
at 3 cardiac surgery services but waited 5 years to get a ser-
vice that respected his autonomy.

Finally, the procedure occurred in August 2021 at Hospital
Unimed de Campo Grande (Campo Grande, MS, Brazil), with
double valve replacement for mechanical mitral and aor-
tic valves, using BCS equipment (Sorin Xtra Autotransfusion
System; LivaNova Plc, London, UK), during the intraoperative
and immediate postoperative period (for 24 h).

Following the principles of PBM, the patient was prepared for
surgery by treating preoperative anemia until he reached ad-
equate hemoglobin and hematocrit levels (hemoglobin of 15.5
g/dL and a hematocrit of 48.1%) in a few days. Studies show
that anemia, bleeding/blood loss, and blood transfusions are
independent risk factors for poor outcomes [28]. According to
the World Health Organization, the hemoglobin level must be
equal to or greater than 13.0 g/dL for men and 12. 0 g/dL for
women [29]. During the preoperative preparation, the patient
did not use warfarin, heparin, or other systemic anticoagulant
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drugs and did not present coagulation disorders or continu-
ous or recurrent systemic sepsis.

In the surgery room, the bilateral spinal erector muscle plane
blockade was performed with ropivacaine, and anesthetic in-
duction was performed with fentanyl, propofol, lidocaine, and
rocuronium. Anesthetic maintenance was performed with sevo-
flurane, lidocaine, clonidine, and magnesium, using an infusion
pump. For cerebral and hemodynamic monitoring, the bilat-
eral SedLine® monitor (Masimo Corporation, Irvine, CA, USA)
and the Infinity® piCCO SmartPod® monitor (Drdger Ltda., Sao
Paulo, SP, Brazil) were used, respectively. A transesophageal
echocardiogram was performed intraoperatively. The access
route used for double valve replacement surgery for mechan-
ical mitral and aortic valves was median sternotomy, using
systemic heparinization (300 U/kg) to obtain an activated
clotting time higher than 400 s (controls were performed ev-
ery 60 min). The CPB circuit was filled with 1500 mL of plas-
ma Lyte (pH 7.4; Baxter, Deerfield, IL, USA). We used an adult
membrane oxygenator (LivaNova Inspire™ 8F M; LivaNova,
London, UK) and cardioplegic solution for myocardial protec-
tion (Del Nido solution: Plasma-Lyte A, 1000 mL; sodium bicar-
bonate 1 mEg/mL, 13 mL; mannitol 20%, 16.3 mL; magnesium
sulfate 50%, 4 mL; lidocaine 1%, 13 mL; potassium chloride
2 mEg/mL, 13 mL) with 1000 mL infusion into the coronary os-
tia. CPB time was 120 min, with an aortic clamping time of 90
min and moderate hypothermia (between 28.0°C and 31.9°C).
Following the principles of PBM, the patient underwent a pro-
cedure to avoid losing his own blood. Therefore, the BCS was
used during the intraoperative and immediate postoperative
(for 24 h) periods. The BCS (Figure 1) includes a specialized
dual-lumen suction tube that allows a continuous flow of an-
ticoagulant to the suction tip of the catheter, preventing the
clotting of the aspirated blood. The vacuum aspiration pres-
sure was kept between 60 mmHg and 100 mmHg to minimize
hemolysis during intraoperative and postoperative aspiration.
A solution of 25000 IU of heparin in 1000 mL of 0.9% saline
was used to anticoagulate the blood recovered from the car-
diotomy reservoir. The flow of the anticoagulant was adjust-
ed according to the rate of bleeding in the surgical field and
the immediate postoperative period, and the blood was fil-
tered. Once a sufficient volume of blood with anticoagulant
had reached the cardiotomy reservoir (around 500 mL), pro-
cessing began by draining the blood from the reservoir into
the centrifuge chamber. RBCs and saline were then pumped
into an infusion bag to be transfused into the patient (reinfu-
sion within up to 4 h of blood processing).

After CPB, the heparin was completely neutralized with prot-
amine. To neutralize 1 mg of heparin, 1 mg of protamine sulfate
is necessary [30]. An additional 30% of the total protamine dose
was used in the first postoperative hours to reduce blood loss
and the need for blood transfusion [30]. The only hemostatic
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Figure 1. The blood cell saver equipment used.

medication used during the procedure was tranexamic acid at
a loading dose of 15 mg/kg during anesthetic induction and
maintenance at 2 mg/kg/h during surgery. Tranexamic acid
is an antifibrinolytic with proven efficacy in major surgeries.
Current clinical practice guidelines recommend intraoperative
use in cardiac procedures [31].

At the end of the procedure, the deep neuromuscular block
was reversed with 10 mg of morphine and 2 g of dipyrone with
sodium sugammadex (Bridion® 100 mg/mL, BU15; Pharma
Manufacturing Services, Greenville, NC, USA), and then the
patient was extubated. After 1 h of extubation, the patient
was transferred to the ICU, conscious and oriented, with the
BCS connected to the mediastinal drain in postoperative au-
tomatic mode.

Finally, the patient was discharged from the hospital on the
ninth postoperative day, with a hemoglobin level of 11.6 g/dL
and a hematocrit level of 35.1% (Figures 2, 3). The volume of
RBCs recovered intraoperatively was 1430 mL, with a hema-
tocrit of 40%, and in the postoperative period, it was 690 mL,
with a hematocrit of 35%.

Figure 4 shows the postoperative serum concentration of
C-reactive protein (CRP) as an inflammatory parameter. The
concentration preoperatively was 5.8 mg/L (less than 3.0 mg/L:
normal level seen in most healthy adults; 10.0 to 100.0 mg/L:
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Figure 2. Variation in hemoglobin (g/dL) and hematocrit (%)
levels. Assessment performed preoperatively (Preop),
intraoperatively (IPO), and postoperatively (days 1

to 9).
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Figure 3. Variation of levels of white blood cells (mm3) and
platelets (uL). Assessment performed preoperatively
(Preop) and postoperatively (days 2,4,6, and 9).

moderate elevation; more than 100.0 mg/L: marked elevation)
[32]. Thus, the patient’s cardiovascular functions were recov-
ered, and his autonomy in not accepting allogeneic blood trans-
fusion was respected (Figure 5).

There is no specific hemoglobin and hematocrit limit for PBM
strategies in the perioperative period. The responsible physi-
cian must intervene with other strategies in critical hemorrhag-
es or in severe symptomatic postoperative anemia, where the
clinical need cannot be met with volume replacement or he-
matinic medication alone [28].
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Figure 4. Kinetic curve of the serological concentration (mg/L) of
C-reactive protein (CRP) in the postoperative period.

Discussion

In this case report, the first and second pillars of the PBM were
used to treat preoperative anemia and reduce blood loss with
the BCS. Thus, we observed that it is possible to use PBM strat-
egies to avoid blood transfusions and their associated risks and
to respect the autonomy of patients who refuse blood trans-
fusions for reasons of religious conscience.

Massive blood loss during cardiac surgery is relatively com-
mon, and the risk is increased because of coagulopathies and
platelet dysfunction resulting from CPB. The use of BCS intra-
operatively in cardiac surgery has been demonstrated to de-
crease allogeneic blood transfusion by up to 40% [33] and is
associated with lower rates of overall complications, including
stroke, acute kidney injury, atrial fibrillation, and pulmonary
complications [34]. The typical hematocrit of intraoperatively
reinfused recovered blood is around 55% to 70%, similar to
that found in allogeneic RBC units from the blood bank [17].
In addition, reinfused autologous RBCs maintain their bicon-
cave and flexible shape and have more physiological concen-
trations of potassium, 2,3-diphosphoglycerate, and adenosine
triphosphate, optimizing their viability and oxygen delivery [33].

Using BCS in the intraoperative and immediate postoperative
periods is an effective and safe procedure for blood conserva-
tion, with clinically low residual heparin concentrations in the
final product, which do not increase the risk of intraoperative
and postoperative hemorrhage [35]. In fact, as observed in this
case report, the use of BCS proved safe even for a patient who
refused to receive a blood transfusion in a double valve replace-
ment surgery and with severe heart disease. Good hemoglobin
and hematocrit levels in the postoperative period were achieved,
because it was possible to recover a significant blood volume
intraoperatively and in the immediate postoperative period.
This strategy was used on a patient who waited 3 years until
he found a cardiac surgery team that adopted the PBM pro-
tocol, thus respecting his autonomy. The wait made his initial
condition, congenital bicuspid aortic valve, evolve into dilation
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Figure 5. Chest X-rays (2 views) of the patient on the day of discharge (A). Note the mechanical prostheses in the aortic (*) and mitral
(**) positions and the significant enlargement of the heart chambers (***). The same patient underwent cardiopulmonary
rehabilitation 10 days after discharge (B).

and worsening of ventricular function, and as a result, mitral
valve insufficiency. Due to the patient’s critical condition, he
was already under palliative care. Through the adoption of PBM
principles by the surgeon responsible, focusing mainly on using
an intra- and postoperative BCS (the use in the postoperative
period is still little explored in cardiac surgery), it was possible
to save the patient’s life and restore his cardiovascular capac-
ity. In general, cardiac surgeries using cell savers are associat-
ed with a significant reduction in perioperative allogeneic RBC
transfusions, with better results the more significant the intra-
operative blood loss (by 52% for 3000 mL, 49% for 2000 mL,
and 40% for blood loss of 1000 mL) [26,27]. A study comparing
patients undergoing cardiac surgery with the use of BCS, com-
pared with transfused patients, showed an increase in mortal-
ity, from 2% to 4%, higher incidence of reoperations, from 6%
to 12%, but lower use of RBCs, from 4.31 to 1.25, and short-
er average length of stay, from 10.8 to 7.4 days [36]. Another
study using BCS in cardiac surgery showed that its use is cost-
effective only in surgeries with CPB greater than 45 min [37].

An important aspect is the fact that, with BCS, allogene-
ic blood is replaced by autologous blood, which avoids the
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immunomodulatory/inflammatory effects that another indi-
vidual’s blood can promote in the patient [38]. In fact, a re-
cent study showed that BCS was associated with lower levels
of postoperative IL-10, probably due to an overall decrease
in the pro-inflammatory state and, consequently, less lung
and kidney dysfunction due to the inflammation caused by
the allogeneic transfusion [14]. In the present report, the ki-
netics of CRP in response to the procedure in the first week
was similar to that of surgeries without extracorporeal cir-
culation, with a peak between 72 and 120 h [39,40]. A CRP
peak >100 mg/L, together with blood transfusion, significant-
ly increases the risk of mortality [41]. In our case, the patient
reached peaks twice as high, due to his critical condition, but
he recovered completely.

Despite there being few studies, we identified a recent work
that used BCS in the postoperative period (6 h) in cardiac sur-
gery. In cardiac surgeries, postoperative atrial fibrillation af-
fects between 19% and 50% of patients and is associated with
increased length of stay, morbidity, and mortality. One of the
factors contributing to postoperative atrial fibrillation is medi-
astinal bleeding and inflammation. However, in this study, the
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group of patients with BCS postoperative showed a decreased
incidence of postoperative atrial fibrillation [22]. Another study
in cardiac surgery and the use of BCS from 6 to 24 h postop-
eratively showed that its use significantly reduced the use of
RBCs and did not increase infection rates, demonstrating the
safety of the procedure in this regard [42].

Despite the advantages of BCS use, studies have demonstrated
that the recovered blood is affected by important factors, such
as negative pressure suction, filtration, and washing liquids,
used during the autotransfusion process. These factors pro-
mote erythrocyte destruction, and researchers and manufac-
turers have made efforts to minimize these problems [43,44].
Furthermore, there is the problem of possible bacterial contam-
ination of autologous blood, although this is also a problem in
allogenic blood units. Bacterial contamination of autologous
blood samples was observed in 42% of patients who under-
went neurosurgery. Decontamination methods, such as white
blood cell filtration and X-ray irradiation, reduced the bacte-
rial load, but the contamination was significantly associated
with the surgical approach. However, there were no postoper-
ative infectious complications [45]. Another aspect related to
risks in BCS use is in oncology cases, but recent studies have
demonstrated that its safe use is possible [46].

Currently, we have seen progress in respecting patients’ self-
determination when they refuse blood transfusions. This is be-
cause the most up-to-date scientific evidence, much of which
is based on the principles and practices of PBM, shows that it
is possible to achieve a balance between respect for the au-
tonomy of the patient and the professional autonomy of the
physician [47]. What has been observed for more than a de-
cade is that patients who refuse blood transfusions for religious
reasons (Jehovah’s Witnesses) have increasingly contributed
to the advancement of transfusion practices by encouraging
doctors to use therapeutic options aimed at their safety but
with respect for their autonomy. There is no shortage of pub-
lications with scientific impact that make this appropriate ci-
tation [48]. The Joint Commission published a study in 2023
reviewing the prescription of blood products in 15 large hos-
pitals. It concluded that only 14.52% of prescriptions were
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appropriate, reinforcing that overuse of blood transfusions in-
creased the risk for patients and hospital costs [49].

Thus, it is clear that it is possible to advance in the transfu-
sion practice to other options, even in critically ill patients
[50,51]. Moreover, it is expected that with the aging of the
population, blood components will be increasingly scarce [18].
Additionally, medical practice has evolved toward respecting
patient autonomy. Cardiac surgery societies are increasing-
ly adhering to the concept of individualized, shared, and hu-
manized healthcare [52].

Conclusions

We can conclude that the use of a BCS in cardiac surgery, both
in intra- and postoperative periods, resulted in the maintenance
of adequate hemoglobin and hematocrit levels, no infection
postoperatively, and rapid and complete recovery of the pa-
tient. Thus, the use of the BCS guaranteed the individual’s au-
tonomy to refuse blood products safely, with good clinical re-
sults, and without dependence on allogeneic blood transfusions.
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