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Abstract: (1) Background: Cell salvage is highly recommended in orthopedic surgery to avoid
allogeneic transfusions. Preparational steps during cell salvage may induce extracellular vesicle
(EV) formation with potential thrombogenic activity. The purpose of our study was to assess the
appearance of EVs at retransfusion. (2) Methods: After ethics committee approval and informed
consent, blood was withdrawn from the autotransfusion system (Xtra, Sorin, Germany) of 23 patients
undergoing joint arthroplasty. EVs were assessed by flow cytometry in two times centrifugated
samples. EVs were stained with specific antibodies against cellular origins from platelets (CD41),
myeloid cells (CD15), monocytes (CD14), and erythrocytes (CD235a). The measured events/µL in the
flow cytometer were corrected to the number of EVs in the retransfusate. (3) Results: We measured
low event rates of EVs from platelets and myeloid origin (<1 event/µL) and from monocytic origin
(<2 events/µL). Mean event rates of 17,042 events/µL (range 12–81,164 events/µL) were found for
EVs from red blood cells. (4) Conclusion: Retransfusate contains negligible amounts of potentially
thrombogenic EVs from platelet and monocytic origin. Frequent EVs from erythrocytes may indicate
red blood cell destruction and/or activation during autologous cell salvage. Further research is
needed to investigate the clinical relevance of EVs from salvaged red blood cells.
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1. Introduction

Major surgery may lead to severe bleeding, anemia, hypovolemia, and allogeneic
transfusion requirements [1]. Autologous cell salvage is an important clinical tool in pe-
rioperative patient blood management (PBM) to decrease loss of blood and anemia [1].
Randomized controlled trials and meta-analyses further confirm that autologous cell sal-
vage reduces the need for perioperative allogeneic red blood cell (RBC) transfusions [2–5].
Guidelines from the European Society of Anesthesiology highly recommended the use
of cell salvage, which is helpful for blood conservation in major cardiac and orthopedic
surgery (GRADE 1B) [1].

Allogeneic RBC preparation involves centrifugation and dissolution; eventual cell
damage and/or activation result in extracellular vesicle (EV) formation [6]. The amount
of EVs increases upon storage time as part of the RBC storage lesion [6]. This phe-
nomenon has been linked to transfusion-associated thromboembolic and inflammatory
complications [7,8]. EVs in autotransfusion concentrates prior to retransfusion remain
poorly understood. Similar to allogeneic RBC preparation, also autologous cell salvage
involves centrifugation and washing procedures which may activate and/or destroy the
patient’s blood cells, resulting in the generation of cell-derived EVs. Considering the
increasing clinical use of cell salvage and innovations in cell salvage technology, markers
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for cell damage can be helpful in defining quality and safety of retransfused blood. Ac-
cordingly, we assessed extracellular vesicles from autologous platelets (CD41), monocytes
(CD14) and myeloid cell origin (CD15), and erythrocytes (CD235a) using flow cytometry in
a last-generation cell saver during orthopedic surgery.

2. Materials and Methods

Ethics committee approval for this study was provided by the Ethical Committee of
Sigmund Freud Private University Vienna, Vienna, Austria (Ethical Committee Number
002/2018) (Vicechairperson G. Endler) on 5 June 2018. Informed consent was obtained from
23 adult patients scheduled for major orthopedic surgery. Inclusion criteria were primary
hip or knee joint replacement with routine use of autologous cell salvage. Exclusion criteria
were pregnancy, preexisting hematological, or bleeding disorders.

Cell salvage was performed according to our hospital-internal standard operating
procedures. The general method of autologous wound blood salvage has been summarized
elsewhere [9]. We used the Xtra (Sorin, Germany) with standard equipment. Blood is
collected from the wound, dissolved in an anticoagulated crystalloidal solution (unfraction-
ated heparin 25.000 IU per 1 L sodium chloride 0.9%), and centrifugated at 820–1480× g.
Performance data of the Xtra system: hematocrit of 54%, heparin removal of 99.7%, potas-
sium removal of 95%, free hemoglobin removal of 97% [9].

In our study, cell salvage was used during and after surgery in the recovery room for
a maximum of 6 h after initiation. At that time point, patients received their retransfusion.
According to PBM, the indication for retransfusion was salvage of patient’s own blood after
major orthopedic surgery [1]. Salvaged erythrocytes were retransfused via a peripheral
venous line after passing a 170–200 µm filter. From the remnant blood in lines and filter
3.5 mL of cell salvaged blood concentrate was withdrawn by dripping into a collection
cuvette with sodium citrate (BD Vacutainer, Becton Dickinson, France).

Flow cytometric analysis was performed using the CytoFLEX LXTM flow cytometer
(Beckman Coulter, Brea, CA, USA). To avoid swarm effects from the concentrated EVs, if
necessary autologous cell salvage blood was diluted as described previously [10].

Detection of blood cell derived EVs was facilitated by means of lactadherin (AF647
labelled, CellSystems/Biotechnology, Troisdorf, Germany) labeling, which detects phos-
phatidylserine (PS) translocated from the inner to the outer membrane leaflet and is present
on at least a subpopulation of EVs [11]. To identify EVs which are PS negative, additional
staining using calcein AM (Calcein Green, ThermoFisher Scientific, Waltham, MA, USA)
was performed. Calcein AM is taken up from EVs and converted by esterases to Cal-
cein. Calcein can be excited by 488 nm laser light and emits light in a range of around
515 nm wavelength. Lactadherin in combination together with calcein served as trigger
parameters to further identify EVs from different cell sources. The following monoclonal
antibodies were used to describe subsets of extracellular vesicles: Anti-CD41 (PE-Cy7,
Beckman Coulter, Brea, CA, USA) mAb against platelets origin, anti-CD14 mAb (PE-Cy7,
Biolegend, San Diego, CA, USA) against monocyte origin, CD15 (PE-Cy7, Biolegend, San
Diego, CA, USA) against myeloid origin and CD235a (PE, Beckman Coulter, Brea, CA,
USA) against red blood cell origin [10,12]. To avoid the detection of antibody aggregates by
flow cytometry, antibodies were centrifuged before the staining procedure at 17,000 g for
10 min. The optimal concentration of antibodies was preliminary determined in antibody
titration experiments. For staining of EVs a daily stock solution of centrifuged antibodies
was prepared. Samples were pre-diluted in phosphate-buffered salt solution (PBS) and
stained on ice with an aliquot of the antibodies stock solution for 1.5 h. Afterwards EVs
were incubated with lactadherin and calcein AM for additional 30 min on ice and fixed
with paraformaldehyde to minimize the staining of free plasma esterases. The stained
samples were then measured by flow cytometry within 1.5 h. As depicted in Figure 1A,
1 µm size silica beads were first measured using the VSSC as a trigger channel to estimate
the approximate size of the measured EVs. A detergent-lysed plasma sample stained with
isotype antibodies was then used as a negative control from the pregated EV population
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(Figure 1B,C). In order to detect particles labeled with antibodies, a combination of trigger
channels was set to calcein or lactadherin, depending on which signal gives a positive
signal first. The entirety of the lactadherin and/or calcein positive signals were then used
for further analysis of the specific antibody stains. The results are given in events/µL and
show the concentration in the salvaged blood sample calculated from the dilution factor of
the measured sample.
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Figure 1. In a first step, silica beads in a size of 1 µm were measured using the VioletSSC as the
triggering signal. Below the 1 µm bead population, a gate was set called Microvesicles (MV, A).
Afterwards the detergent lysed control sample incubated with calcein AM (FITC) and stained with
lactadherin, labeled with AF647, as well as with isotype antibodies, labeled with PE or PE-Cy7, were
measured. Panel (B) shows the scattergram of calcein AM or lactadherin AF647 triggered control
sample (C). A gate (P1) was drawn around the edges of the negative calcein/lactadherin sample and
transferred to the isotype dotplot (D), where the lower left quadrant regions define the borders of the
negative population.

Demographic data of patients, amount of autologous blood retransfused, allogeneic
RBC requirements, and any complication including postoperative thrombosis, re-bleeding,
and inflammation until hospital discharge were documented.

Statistics: Presented results are descriptive.

3. Results
3.1. Clinical Data

Twelve male and 11 female patients had a mean age 74 ± 9 years. The amount of
retransfused RBC concentrate was 134 ± 45 mL. Perioperative clinical course of patients
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was uneventful, no allogeneic transfusions were required, no thromboembolic events and
no infections were documented.

3.2. Flow Cytometry Data

After lactadherin-, calcein-, and blood cell-specific labeling EVs were detected. We
measured low event rates of EVs from platelets, from myeloid and from monocytic origin
(Table 1). High numbers of EVs from red blood cell origin were present in the concentrated
salvaged sample (Table 1). The amount of antibody-positive microparticles is summarized
in Table 1.

Table 1. Events/µL in autologous cell salvage (retransfusate) from calcein /lactadherin gated particles.

Antigen Origin Events/µL Mean (Range)

CD235a erythrocytes 17,042 (12–81,164)
CD14 monocytes <2
CD15 myelocytes <2
CD41 platelets <1

Control samples are shown in Figure 1.

A typical pattern of labeling is shown in Figure 2.
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Figure 2. Scatterplot (A) shows the events from calcein AM or lactadherin AF647 triggered sample (B). Three samples from
the same plasma were stained either with the combination of anti-CD15 PE-Cy7 and anti-CD235a PE antibodies (C), or with
anti-CD41 PE-Cy7 and isotype PE-labeled control antibodies (D), or with anti-CD14 PE-Cy7 and isotype PE-labeled control
antibodies (E). Positive events/µL in quadrants QI1-UL and in Q1-LR were calculated by the CytoFLEX LX and presented
in the statistics.
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4. Discussion

Our study describes extracellular vesicles (EVs) of human platelets, of myeloid and
monocytic cell origin, as well as erythrocytes after autologous cell salvage in orthopedic
surgery demonstrating that recovered salvaged blood is not free of cell-derived biological
material (Figure 1). The total number of EVs from myeloid, monocytic, and platelet origin
is very low (Table 1). Conventional flow cytometry cannot even detect such microparticles
by using forward and side scatter patterns only. Characteristics of these EVs are their small
size of 0.1–1 µm, lack of a nucleolus and synthetic capacity, exhibition of negatively-charged
phospholipids in their membrane. In our experiments, condensing preparational steps
before flow cytometric analysis involving centrifugation and fluorochrome-labeling were
required for counting such rare occurrence rates of microparticles. The finding of low
event rates of myeloid, monocytic, and platelet EVs is reconfirming for clinicians as a
safety marker of autologous cell salvage. Our findings show no safety signal in terms of
exaggerated microparticle load and support the use of fresh autologous salvaged blood in
major orthopedic surgery. Research is ongoing on the (patho)physiological role of such
EVs. By carrying phospholipids and tissue factor, EVs can promote hemostasis, specifically
by increasing platelet adhesion, platelet aggregation, and thrombin generation [13–15].
Patients with deficient microparticle-mediated coagulation resemble deficiency of factor XI
(hemophilia C) [16]. Similarly, microparticles may prevent excessive perioperative bleeding.
Several studies point to an inflammatory potential of microparticles [17]. In pericardial
blood, microparticles activate the complement system [18]. Considering the findings of
the present study, it seems very unlikely that retransfused EVs in salvaged blood exert a
clinically relevant procoagulant, anticoagulant, or inflammatory activity because of the
dilution of very low numbers of EVs in the patients circulation and prompt macrophagic
elimination. We observed in our small patient cohort no thromboembolic events, no re-
bleeding, and no infections after orthopedic surgery and autologous blood retransfusion.
Our patients did not require any allogeneic blood transfusion. All patients received routine
thromboprophylaxis according to the recommendations from the European Society of
Anesthesiology [19].

Despite differences in methodology of flow cytometry, our non-red blood cell EV
counts from platelets and monocytes appear markedly lower compared to cell salvage from
a first-generation cell saver machine CATS (Fresenius AG, Bad Homburg, Germany) [20].
Differences in centrifugation forces may account for this discrepancy [21–23]. Other quality
criteria including elimination rate of leukocytes (35–74% in CATS, 95–99% in Xtra) and
platelets (80–90% in CATS, 95–99% in Xtra) document improved performance of the last-
generation cell saver.

In our experiments the concentration of EVs produced from red blood cells was high
(Table 1). This finding may indicate that during preparational steps of cell salvage erythro-
cytes may get destroyed and/or activated, resulting in the generation of red cell-derived
EVs. Manufacturing methods have been described to determine EVs in allogeneic RBC
preparation [24,25]. The (patho)physiological role of erythrocyte EVs is poorly under-
stood. In critically ill patients, erythrocyte-derived microparticles had a microcirculatory
impact [26,27]. EVs isolated from the plasma of animals with sepsis significantly decreased
deformability of erythrocytes ex vivo [28]. EVs in allogeneic red blood cell concentrates
have been linked to transfusion-related immunomodulation [24,29]. Further research is
needed to investigate the clinical relevance of EVs from salvaged red blood cells in not
critically ill patients undergoing major orthopedic surgery.

We observed a wide range of erythrocyte EVs (Table 1). Inter-individual variation in
EVs has also been found in red blood cell concentrate preparation [25]. In our study, all
patient’s erythrocytes were collected intra- and postoperatively from the wound for 6 h,
dissolved in the same anticoagulated crystalloid solution, with no methodological differ-
ences in washing and retransfusion. According to the manufacturer’s information, there is
a range in centrifugation acceleration from 820 to 1480 G. In clinical practice of autologous
perioperative cell salvage, there is no monitoring of G during the centrifugation steps and
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G cannot be set by the user. We speculate that different mechanical forces may—at least
in part—account for the wide range of erythrocyte EVs (Table 1). Furthermore, patients’
erythrocyte susceptibility for microparticle formation may be different (e.g., in pre-existing
(subclinical) hematological diseases). Comparing speed and types of centrifugation (contin-
uous versus intermittent), various washing solutions, and salvage duration, investigating
time-dependency, the effect of cell salvage processing on erythrocyte EV formation, and
short-term storage lesion within 6 h until retransfusion would be of clinical interest.

Flow cytometry is considered a standard for counting and characterizing cells by their
size and surface antigens. Microparticles can also be identified and quantitated by flow
cytometry [30]. Standardization of EV analyses of whole blood samples and definitions of
normal ranges are warranted. EV assessment could get part of the quality assessment of
new extracorporeal devices including cell savers [31,32]. Our aim was, on the one hand, to
document the cellular origin of the vesicles as much as possible and, on the other hand, to
use the simplest and fastest routinely applicable method that could represent a further step
towards standardization.

The discussion of our results with previous work is, for the following reasons, ex-
tremely difficult or almost impossible, as the methodologies used differ greatly. In our
study we used a highly sensitive flow cytometer with avalanche photodiodes, which shows
excellent sensitivity in the red excitation and emission area. Especially for this determina-
tion, we used lactadherin, which was conjugated for our purpose with AF647, which can be
excited with a 638 nm laser and has an emission maximum at approx. 670 nm wavelength.
In addition to the detection of phosphatidylserine (unfortunately PS is only about 30–40%
expressed on the “classic” microvesicles), we stained our samples with calcein AM, which
was converted to a fluorescent substance by intravesicular esterases. This enabled us to
detect the non-PS positive events as well and thus detect a significantly larger number of
EVs carrying the cellular specific markers.

5. Conclusions

In conclusion, our experiments indicate that cell salvage using Xtra does not induce rel-
evant amounts of EVs from platelets, myeloid, and monocytic origin. However, autologous
cell salvaged blood contains high and variable amounts of erythrocyte EVs.
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