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Optimal 6-hour window for salvaged
mediastinal blood retransfusion after
cardiovascular surgery: an in vitro
quality and safety analysis

Jiachen Shan?, Jie Gao?, Yuye Chen?, Hongwen Ji**

Background - Postoperative hemorrhage is a significant complication
of cardiovascular surgery. Although autologous cell salvage is safe and
effective for preserving patients' blood, its use in the postoperative context
remains underexplored. We, therefore, evaluated the quality and safety of
mediastinal blood collected for different periods at room temperature after
cardiac surgery.

Materials and methods - In this preclinical, in vitro investigation, 60 patients
who lost 2500 mL mediastinal blood within 6 hours after cardiovascular
surgery were randomized into three groups (6H, 8H, 12H) according to the
time the shed mediastinal blood was processed. The quality of the salvaged
blood was evaluated through measurements of hematocrit, pH, electrolyte
and lactate levels, 2,3-diphosphoglycerate (2,3-DPG) and adenosine
triphosphate (ATP) content, and red blood cell (RBC) deformability and
morphology. The safety evaluations included hemolysis, contamination,
and levels of inflammatory cytokines.

Results - With regard to quality, the median [IQR] values for the 6H group
were hematocrit 56.3 [46.5-59.0] %, pH 7.34 [7.31-7.40]), potassium
1.10 [0.91-1.25] mmol/L, lactate 0.45 [0.20-0.90] mmol/L, 2,3-DPG 12.00
[9.24-13.32] umol/gHb), ATP 5.59 [5.27-5.93] umol/gHb and deformability
0.88 [0.77-0.93]. The values were similar across the three groups, except for
pH, which decreased over collection period. RBC morphology transitioned
from biconcave in the 6H and 8H groups to spiny forms in the 12H group.
Hemolysis and inflammatory cytokine levels were low in all groups. Only the
6H group achieved total microbial sterility, with 0% bacterial contamination,
compared to 10% (No.=2) in the 8H group and 5% (No.=1) in the 12H group.
Discussion - Our study establishes a 6-hour window as the optimal period for
ensuring microbial sterility and preserving the quality and safety of salvaged
mediastinal blood postoperatively. Although blood quality remained stable
for up to 12 hours, the heightened risk of contamination beyond 6 hours
necessitates rigorous microbiological monitoring.

Keywords: cardiovascular surgery, patient blood management, shed mediastinal blood,
postoperative salvaged blood, autologous cell salvage.
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INTRODUCTION

Postoperative bleeding is one of the most frequent

complications following cardiovascular surgery, with
nearly 50% of patients undergoing different degrees of
bleeding and transfusion after surgery'>. Simultaneously,
the rates of allogeneic blood utilization are higher for
cardiovascular surgery than for other surgical categories,
accounting for 10 to 15% of national blood use in the United
States and the United Kingdom?®™. Autologous cell salvage,
as part of a strategy of Patient Blood Management (PBM),
hasbeen extensively demonstrated to be safe and effective,
reducing exposure to allogeneic blood by 40%°, with
particularly robust evidence in cardiovascular surgery”®.
Building on this, cell salvage of shed mediastinal blood
may provide a feasible solution for postoperative bleeding
and minimizing allogeneic blood transfusions following
cardiovascular surgery.

The direct reinfusion of shed mediastinal blood from
postoperative chest tube drainage has been extensively
studied in the past®™. Nevertheless, several medical
organizations, notably the Society of Thoracic Surgeons
(STS) and the Society of Cardiovascular Anesthesiologists
(SCA), categorize this practice as a class III intervention,
citing the potential increased risk of complications, such
as fat embolism, acute kidney injury, coagulopathy, and
wound infection™'*. Current blood salvage technologies,
with their filtration and washing steps, may reduce the
incidence ofthese complicationsbyimprovingblood purity.
However, the application of cell salvage for postoperative
shed mediastinal blood remains underexplored, and

Patients who underwent elective
cardiovascular surgery

(No.=853)

Excluded (No.=793)

* Volume of shend mediastinal blood within
6 hours after surgery <500 mL (No.=781)

Preoperative pleural effusion (No.=4)

Shed mediastinal blood being contaminated
(No.=8)

Patients who shed >500 mL

of mediastinal blood within
6 hours after surgery
(No.=60)

Randomized

existing clinical guidelines lack specific recommendations
for its use in this context®. The aim of this study was to
enhance the current body of knowledge by assessing the
quality and safety of salvaged mediastinal blood and
exploring the safe collection period at room temperature
after surgery.

To explore the comprehensive properties of salvaged
mediastinal blood after cardiovascular surgery, we
conducted a preclinical in vitro study to: (i) evaluate the
quality and safety of salvaged blood in the postoperative
period; and (ii) explore the viable period of collection of
shed mediastinal blood at room temperature.

MATERIALS AND METHODS

This preclinical in vitro investigation, conducted at Fuwai

Hospital, Chinese Academy of Medical Sciences, assessed
the quality and safety of salvaged mediastinal blood from
patients following cardiovascular surgery. The study
was conducted in accordance with the principles of the
Declaration of Helsinki, following approval from the
institutional ethics committee and registration of the trial
(Ethics number: 2022-1805, clinicaltrials.gov registration:
ChiCTR2200065958). Written informed consent was
obtained prospectively from all participants enrolled in
the study.

Study population

The participant enrollment process is illustrated in
Figure 1. Adult patients scheduled for cardiovascular
surgery between June 1 and September 30, 2024, were
initially screened. Eligibility required meeting all baseline

12

6H group
(No.=20)

8H group
(No.=20)

Figure 1 - Flow chart of enrollment and
grouping

12H group
(No.=20)
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inclusion criteria: (i) age 18-70 years; (i) undergoing
coronary artery bypass grafting, heart valve, aortic, or
combined surgery. From this cohort, patients who shed
more than 500 mL of mediastinal blood within 6 hours
after surgery underwent further evaluation for final
enrollment.

The exclusion criteria comprised: (i) clinically diagnosed
preoperative pleural effusion; (ii) sepsis, bacteriemia, or
hematological disease during the perioperative period;
(iii) contaminated shed mediastinal blood samples.

Operative techniques

All patients received general anesthesia with a
combination of intravenous opioids, inhaled agents,
and neuromuscular blockade, along with intravenous
antibiotics administered according to a standardized
hospital protocol. After closing the sternum, three 28Fr
soft sump drains were placed as usual: one each in the
pericardial cavity, mediastinum, and pleural space. The
pericardial and mediastinal drains were joined with a
Y-connector to a sterile negative pressure drainage bottle,
pre-filled with 20 mL of heparin- saline solution (12,500 IU
of heparin in 20 mL of 0.9% NaCl) to prevent clotting and

collect blood after surgery.

Study design
This in vitro study assessed the quality and safety
of salvaged mediastinal blood over extended

postoperative collection intervals ranging from 6
to 12 hours. Sixty patients who underwent elective
cardiovascular surgery and shed >500 mL via their
mediastinaldrainswithin the first 6 hours after surgery
were randomly assigned, using opaque envelopes,
to one of three processing timepoints: 6 hours, 8
hours, and 12 hours, thereby forming three groups,
the 6H, 8H and 12H groups (Figure 1). Blood samples
were subjected to standardized washed cell salvage
protocols at their respective processing time points
to systematically evaluate the impact of prolonged
storage at room temperature on blood quality and
safety. If a patient required urgent reoperation due
to excessive postoperative bleeding (>150 mL/h), the
drainage bottle was disconnected from the patient
prior to the reoperation. It was then aseptically stored
at ambient Intensive Care Unit temperature until cell
salvage processing at the assigned group timepoint
(6, 8, or 12 hours postoperatively).

The shed blood was transferred to the same cell saver
(Sorin Xtra, Munchen, Germany) for processing. The
system used a 225 mL collection bowl and default settings
(Popt program, FSF Inc., Boston, MS, USA). Initially,
the collection reservoir was primed with normal saline
at twice the blood volume to wet the walls and dilute
the blood. Blood was then manually transferred from
the drainage bottle into the reservoir under sterile
conditions, using negative pressure suction at 100 mmHg
to prevent hemolysis. To address the potential presence of
inflammatory cytokines, 5,000 mL of normal saline were
used to wash the shed mediastinal blood”. Following the
default program, with a prime rate of 400/250 mL/min,
wash rate of 500 mL/min, and empty rate of 400 mL/min,
the salvaged blood was collected in a reinfusion bag for
subsequent laboratory analysis. Details of the laboratory
analyses and specific methods for each indicator can be
found in Online Supplementary Content.

Outcomes

The outcomes were categorized into two primary
domains: blood quality and safety. Blood quality was
evaluated through hematologic parameters, including
hematocrit and hemoglobin (Hb); metabolic profiles,
such as pH, electrolyte levels and lactate levels; and red
blood cell (RBC) function, which encompassed the levels
of 2,3-diphosphoglycerate (2,3-DPG) and adenosine
triphosphate (ATP), hemorheology (aggregation, rigidity
and deformability index) and morphology. Safety was
assessed by measuring free hemoglobin (fHb) levels,
performing microbiological cultures, and assaying pro-
and anti-inflammatory cytokine levels.

Sample size and statistical analysis

Due to the exploratory nature of this study and lack
of prior data, a sample size of 60 was chosen, with 20
participants per group’. Therefore, no a priori statistical
power calculation was performed. Post hoc statistical
analyses were carried out. The Shapiro-Wilk test showed
non-normal data distribution, so results are presented as
medians with interquartile ranges (IQR), and categorical
variables as numbers and percentages. The Kruskal-Wallis
test with Dunn’s correction was used for comparing the
three groups. All tests were two-tailed, with p values <0.05
indicating statistical significance. Analyses were conducted
using R (version 4.3.2 [R Foundation, Wien, Austria]) and
Prism 10 (GraphPad Software, Boston, MA, USA).
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Table I - Perioperative characteristics of patients in the 6H, 8H, and 12H groups

Characteristics 6H 8H 12H p
(No.=20) (No.=20) (No.=20) value
Female sex, No. (%) 4(20) 3(15) 1(5) 0.36
Age, years, median [IQR] 61 [54-66] 61[55-64] 65 [55-68] 0.43
Height, cm, median [IQR] 170 [162-174] 170 [166-175] 170 [166-174] 0.76
BMI, kg/m2, median [IQR] 24.55[22.86-27.22] 24.46 [22.86-26.34] 25.31[24.43-26.14] 0.75
Coexisting illness, N (%)
Hypertension 8 (40) 14 (70) 12 (60) 0.15
Diabetes mellitus 3(15) 9 (45) 7(35) 0.12
Dyslipidemia 10 (50) 9 (45) 12 (60) 0.63
Atrial fibrillation 4(20) 2(10) 4(20) 0.62
Chronic kidney disease 1(5) 0(0) 2 (10) 0.35
History of stroke 1(5) 2(10) 1(5) 0.77
Active smoking 8 (40) 8 (40) 10 (50) 0.80
Laboratory values before surgery, median [IQR]
WBC count, 10°/L 5.80 [5.32-6.89] 6.26 [5.47-6.84] 5.67 [5.21-6.93] 0.64
RBC count, 10*?/L 4.62 [4.24-5.07] 4.74 [4.36-4.96] 4.70 [4.43-4.90] 0.97
Hemoglobin, g/dL 14.1[12.9-15.2] 13.9[13.2-15.3] 13.5[13.0-15.1] 0.93
Hematocrit, % 42.1[39.5-46.3] 43.5[40.3-44.9] 42.0[39.3-45.9] 0.96
Platelet count, 10°/L 184 [148-233] 203 [156-228] 183 [169-208] 0.93
NYHA class, N (%) 0.18
I 0(0.0) 0(0.0) 1(5.3)
I 15 (75.0) 17 (85.0) 10 (52.6)
1 5(25.0) 3(15.0) 8(42.1)
Surgery type, N (%) 0.48
Only CABG 9 (45) 14 (70) 12 (60)
On-pump 2(10) 7(35) 9 (45)
Off-pump 7(35) 7(35) 3(15)
Only valve 5(25) 3(15) 2(10)
Only aorta 1(5) 1(5) 1(5)
Combined 5(25) 2(10) 5(25)
Surgery procedure, median [IQR]
Procedure duration, min 242.50[216.00-292.50] 219.00 [203.00-236.25] 248.50[212.25-291.75] 0.08
Cardiopulmonary bypass duration, min 168 [117-184] 96 [81-130] 135[105-175] 0.08
Aortic cross-clamping duration, min 89 [80-140] 82 [59-101] 111[71-121] 0.31
Lowest temp, °C 32.0[31.8-32.0] 32.0[32.0-32.8] 32.0[32.0-32.8] 0.06
Perioperative outcomes
RBC transfusion, N (%) 1(5) 1(5) 1(5) >99
Reoperation, N (%) 6(30) 3(15) 1(5) 0.10
ICU stay, hours, median [IQR] 42.3[23.9-58.0] 39.3[26.5-62.0] 40.3[16.5-75.8] 0.93
Ventilation time, hours, median [IQR] 11.0[9.0-13.2] 9.0 [7.0-11.0] 7.0[6.0-10.5] 0.06
Hospital stays, days, median [IQR] 12 [9-13] 11[9-13] 13 [10-17] 0.40
Mortality in 30 days, N (%) 0(0) 0(0) 0(0)

IQR: interquartile range; BMI: body mass index; WBC: white blood cell; RBC: red blood cell; NYHA: New York Heart Association; CABG: coronary artery bypass

graft; ICU: Intensive Care Unit.
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RESULTS

Sixty patients scheduled for elective cardiovascular
surgery from June 1 to September 30, 2024 were enrolled.
From these patients, a total of 60 shed mediastinal blood
samples (one per patient) were collected and allocated to
three processing timepoints -6, 8 and 12 hours- resulting
in 20 samples per group (Figure 1).

Baseline characteristics

Table I provides a summary of the patients’ baseline
characteristics, laboratory test results, and surgical
attributes across the three salvaged blood groups.
Statistical analysis revealed no significant differences

among the three groups.

Quality of the salvaged blood

The quality parameters of samples from the three groups
are presented in Table II. The salvaged blood of the 6H
group had a median [IQR] hematocrit of 56.3 [46.5-59.0]%

and Hb of 19.4 [16.0-19.7] g/dL with no significant
differences (p=0.96 and p=0.93) observed among groups.
However, white blood cell counts exhibited significant
differences (p=0.013), showing elevated levels in
the 8H (9.20 [7.51-10.90]x10°/L) and 12H (9.28 [8.00-
12.14]x10°/L) groups compared with the baseline 6H group
(5.34 [3.95-10.03]x10°/L) (p=0.026, Z=2.626 and p=0.027,
7Z=2.616). Metabolic profiles demonstrated a gradual
decline in pH, with statistically significant decreases
observed in the 8H group (p=0.005, Z=3.151) and 12H group
(p<0.001, Z=4.129), although all values remained within
the range of physiological compensation. Electrolyte and
glucose homeostasis was preserved across all groups.

Parameters associated with 2,3-DPG and ATP, exhibited
no statistically significant differences across the
groups (p=0.95 and p=0.77, respectively). Similarly,
hemorheological parameters, including the aggregation
index (p=0.91), rigidity index (p=0.43), and elongation

Table II - The quality parameters in the 6H, 8H, and 12H groups

Parameters 6H 8H 12H P
(No.=20) (No.=20) (No.=20) value
Hematologic performance
RBC count, 10%?/L 6.57 [5.08-6.67] 6.30 [5.48-6.66] 6.04 [5.07-6.67] 0.80
Hemoglobin, g/dL 19.4[16.0-19.7.] 18.6[17.1-19.9] 18.5 [16.0-20.4] 0.93
Hematocrit, % 56.3 [46.5-59.0] 55.8 [48.9-59.3] 56.6 [44.9-61.1] 0.96
WBC count, 10°/L 5.34[3.95-10.03] 9.20[7.51-10.90] 9.28 [8.00-12.14] 0.013
Metabolic profiles
pH 7.34[7.31-7.40] 7.27 [7.24-7.34] 7.26 [7.24-7.30] <0.001
PCO,, mmHg 5.80 [5.57-6.62] 5.90 [5.68-6.50] 6.30 [5.57-7.55] 0.40
PO,, mmHg 224.1[219.4-228.8] 224.8[221.4-230.1] 226.1[213.5-238.7] 0.81
S02, % 91.8[89.2-99.8] 92.5[89.9-99.7] 99.6 [89.5-99.8] 0.56
Na*, mmol/L 146.8 [143.8-152.7] 147.3 [145.7-153.9] 146.3 [145.8-153.8] 0.76
K*, mmol/L 1.10 [0.91-1.25] 1.11[0.84-1.25] 0.98 [0.87-1.22] 0.82
Ca?", mmol/L 0.20[0.16-0.21] 0.18[0.16-0.22] 0.20 [0.16-0.24] 0.65
Glucose, mmol/L 0.88[0.84-0.98] 0.88[0.82-0.93] 0.95[0.82-1.11] 0.37
Lactate, mmol/L 0.45[0.20-0.90] 0.65 [0.40-1.20] 1.30[0.45-2.62] 0.12
2,3-DPG, pmol/gHb 12.00 [9.24-13.32] 11.94 [7.42-14.80] 12.10[7.52-15.65] 0.95
ATP, umol/gHb 5.59[5.27-5.93] 5.29[5.15-5.69] 5.65[5.22-6.13] 0.77
Hemorheology
Aggregation index 5.25 [4.92-5.56] 5.03 [4.77-5.50] 5.10 [4.78-5.53] 0.91
Rigidity index 5.11[3.39-5.63] 5.21[4.18-6.40] 5.26 [3.77-6.35] 0.43
Deformability index 0.88[0.77-0.93] 0.80[0.70-0.88] 0.76 [0.70-0.87] 0.11

Values are median [interquartile range]. RBC: red blood cell; WBC: white blood cell; 2,3-DPG, 2,3- diphosphoglycerate; ATP, adenosine triphosphate.
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index (p=0.11), remained consistent across the groups. morphology, with minimal morphological changes
As depicted in Figure 2, RBC in the 6H and 8H groups observed. Incontrast, RBCinthe12H group predominantly

largely retained their characteristic biconcave-discoid exhibited a marked increase in spiny forms.

Figure 2 - Red blood cell morphology in the 6H, 8H, and 12H groups at different magnifications in scanning
electron microscope images

The first row (1,500%, scale bar =10 um) provides an overview of the structural features, while the second row (3,000x, scale bar
=5 um) highlights finer surface detail.

Table III - The safety parameters in the 6H, 8H, and 12H groups

Parameters 6H 8H 12H P
(No.=20) (No.=20) (No.=20) value

Hemolysis
fHb, g/L 0.55 [0.30-0.80] 0.50 [0.40-0.92] 0.50 [0.30-0.77] 0.76
Hemolysis rate, % 0.15[0.09-0.18] 0.16[0.11-0.22] 0.14[0.09-0.21] 0.74

Inflammatory cytokines, pg/mL
IL-1B 3.90[1.93-16.29] 7.13[4.03-12.89] 8.05 [4.08-20.26] 0.19
IL-2 1.77 [1.25-3.07] 2.39[1.69-3.23] 2.36[1.98-2.81] 0.26
IL-4 1.61[0.75-3.25] 2.15[0.86-2.71] 2.33[2.01-2.67] 0.44
IL-5 1.88[1.15-2.87] 1.98 [1.48-2.73] 2.5[1.63-2.84] 0.44
IL-6 14.23[11.76-21.28] 20.45 [11.62-44.01] 17.06 [12.11-25.87] 0.28
IL-10 3.75[3.14-4.79] 3.86 [3.28-4.55] 4.90 [4.09-5.96] 0.009
IL-12p70 2.57[1.56-3.57] 3.43[2.71-3.85] 3.04[2.27-3.69] 0.16
IL-17 2.07[0.99-3.15] 2.43[1.58-3.26] 2.35[1.57-2.88] 0.90
TNF-a 2.31[1.70-4.11] 3.77[2.40-5.29] 3.73[2.67-4.04] 0.17
IFN-a 3.41[2.46-4.50] 4.08 [3.22-6.09] 4.66[3.79-5.71] 0.11
IFN-y 1.27[0.93-2.31] 1.77[1.31-2.26] 1.62[0.95-2.32] 0.53

Values are median [interquartile range]. fHb: free hemoglobin; IL: interleukin; TNF: tumor necrosis factor; IFN: interferon.
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Safety of salvaged blood

Table III presents the results of the safety assessments,
including hemolysis, microbiological culture, and
inflammatory cytokines, across the three groups. The
hemolysis parameters, including the hemolysis index
and fHb concentrations, were not significantly different
between the groups (p=0.74 and p=0.76, respectively).
Regarding microbiological cultures, 5% (3/60) of the
salvaged blood samples yielded positive cultures, with
no contamination in the 6H group, two cases (10%) in
the 8H group (Staphylococcus epidermidis, Corynebacterium
afermentans), and one case (5%) in the 12H group
(Staphylococcus epidermidis). Analysis of inflammatory
cytokines revealed that interleukin (IL)-10 was the only
analyte with a statistically significant increase in the
12H group compared to both the 6H (p=0.05, Z=2.395)
and 8H (p=0.012, Z=2.875) groups. Importantly, despite
these variations, all IL-10 concentrations remained within
physiological reference ranges (<5 pg/mlL), indicating
that the changes were not clinically significant. The
other inflammatory cytokines showed no statistically

significant differences among the three groups.

DISCUSSION

This study was a preliminary assessment of the quality and
safety of salvaged mediastinal blood collected 6 to 12 hours
after cardiac surgery. The findings indicated that shed
mediastinal blood, after being stored at room temperature
within this timeframe and subsequently undergoing a cell
salvage process, preserved its quality and RBC functions.
Devices for prompt processing are already available
and have been proven to be safe, also in cardiac surgery
within a 6-hour timeframe’. While all salvaged blood
maintained acceptable levels of fHb and inflammatory
factors, only the 6H group achieved complete microbial
sterility. The findings offer insights to inform clinical
decision-making regarding the duration of collection of
shed blood following surgery, a critical concern due to the
prolonged durations frequently observed in real-world
surgical settings.

While existing research has focused on intraoperative
salvage, our findings underscore the untapped potential of
postoperative cell salvage in the advancement of PBM. By
exploring the quality and safety of postoperative salvaged
blood, this study seeks to provide preliminary evidence
for extending PBM protocols into the postoperative phase.

Moreover, these insights have the potential to optimize
transfusion practices associated with a high risk of
postoperative bleeding and to enhance preparedness for
patients with rare blood phenotypes.

The quality of salvaged blood is a primary consideration in
postoperative retransfusion. In this study, salvaged blood
samples exhibited promising hematocrits (45 to 60%),
closely resembling those achieved with intraoperative cell
salvage’®. Moreover, samples from all groups maintained
near normal pH, as well as lower potassium, glucose,
and lactate levels. The cell salvage washing process has
been shown to reduce lactate, glucose, and potassium
concentrations”, and these parameters exhibited
consistent levels in this study.

We also assessed RBC function through hemorheological
determinants of

parameters, which are essential

effective oxygen delivery to tissues and organs*®?*.
Previous research indicated that RBC deformability and
structural integrity remain stable for up to 6 hours at
room temperature and longer at 4°C, with no significant
decline of deformability even after 5 weeks of storage under

blood bank conditions*?3

. Consistently, our findings
indicated that the aggregation and deformability of RBC
in shed mediastinal blood stored at room temperature
for 6 to 12 hours did not alter, and were comparable to
those in previous studies on intraoperative cell salvage
blood*#?¢. Additionally, in this study, the values of the
RBC deformability index across the three groups were
consistent with established measurements from blood
in the systemic circulation reported in previous human
studies (0.79+0.04)*. This may suggest that the salvaged
RBC maintained intrinsic deformability comparable to
that of systemic circulating RBC throughout the 6- to
12-hour postoperative collection period.

The levels of 2,3-DPG and ATP remained stable in the
salvaged blood across all three groups. As a critical
biomarker of RBC functionality, 2,3-DPG is a significant
determinant of hemoglobin-oxygen affinity, thereby
influencing the oxygen delivery capacity of RBC, while
ATP serves as an essential energy source for the overall
functioning of RBC. Under normal systemic circulation,
baseline levels are maintained at 12-15 wumol/g Hb for
2,3-DPG and 441 pumol/g Hb for ATP*’. However, during
prolonged storage of up to 4 weeks, these levels decline to
1-2 umol/g Hb for 2,3-DPG and 3 pmol/g Hb for ATP*">°.
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Our findings suggest that the collection of shed blood at
room temperature for 6 to 12 hours aftervsurgery did not
lead to a significant depletion of either 2,3-DPG or ATP
withinRBC.

Regarding morphology, the biconcave shape of RBC
is essential for the cells’ physiological function, as
it optimizes gas exchange, preserves membrane
flexibility, and enhances microvascular perfusion®.
Our findings indicate that during the collection of shed
blood, RBC underwent a morphological transformation
from discocytes to echinocytes. Previous studies have
demonstrated that changes in RBC morphology do not
significantly affect deformability, as echinocytes can
gradually regain their biconcave shape when placed in a

systemic environment*>>

. This may explain why RBC
deformability did not show significant differences in our
study, despite the notable morphological differences.
Therefore, our findings suggest that salvaged mediastinal
blood collected at room temperature for 6 to 12 hours
does not significantly impair RBC deformability, thereby
supporting the adequate microcirculatory function and
oxygen delivery of the cells once reinfused.

The safety of salvaged blood is assessed by evaluating
the hemolysis rate, microbiological contamination, and
inflammatory cytokine levels. It has been demonstrated
thatthewashing processin cell salvage effectively removes
plasma chemical and biological contaminants, such as
activated complement proteins, fHb, and inflammatory
cytokines, thereby supporting our findings®*34. In our
study, samples from all groups exhibited low hemolysis
rates that comply with international blood product
quality standards mandating that the hemolysis rate
of the blood product is less than 0.8%%. Furthermore,
the salvaged blood demonstrated low concentrations of
pro- and anti-inflammatory cytokines. Surgical trauma
induces the localized release of pro-inflammatory
cytokines and previous studies reported IL-6 levels in
shed blood as high as 1,300 pg/mL*°. Encouragingly, it has
been demonstrated that the washing process effectively
removes inflammatory cytokines, with varying removal
rates based on initial levels®. Our findings contribute
to the limited evidence on inflammatory cytokine
concentrations in blood salvaged postoperatively.
Importantly, only the 6H salvaged blood was free of
contamination, whereas one or two cases of contamination
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were found in other groups. Previous randomized
controlled trials have demonstrated that the reinfusion
of shed blood within 4 to 24 hours following cardiac
surgery does not increase postoperative complication rates,
particularly with respect to infections™3**. Concerns
have, however, been raised regarding intraoperative cell
salvage. Arecentstudy in cardiac surgery reported positive
bacterial cultures in 49% of intraoperatively salvaged
blood samples, with Staphylococcus epidermidis identified
as the predominant pathogen®. Furthermore, research
across various surgical disciplines has documented
variable contamination rates in intraoperatively salvaged
blood?****!. Nonetheless, there remains a lack of consensus
on whether such contamination is associated with
an increased incidence of postoperative infections in
patients*, a phenomenon that may be influenced by the
perioperative administration of prophylactic antibiotics.
Assignificantchallenge is to identify the source of bacterial
contamination = in intraoperatively salvaged blood.
Potential sources, including intraoperative airborne
exposure, skin flora, preexisting subclinical infections,
or the salvage procedures themselves, are complex
and difficult to differentiate. In this in vitro study, we
performed manualaseptic transfer of shed blood to the cell
saver. While strict protocols were followed, this manual
step cannot exclude the potential introduction of
contaminants during handling. Observed bacterial
growth in the 8H and 12H groups may therefore
reflect either intrinsic properties of shed blood stored
for a prolonged period or extrinsic factors related
to transfer. To eliminate this transfer-associated
risk in future clinical applications, we recommend a
technical modification: using the cell saver reservoir
itself as the postoperative drainage bottle. This closed-
system approach would allow shed blood to drain
directly into the salvage device reservoir, bypassing
manual transfer steps and significantly reducing
opportunities for contamination. Comprehensive
cohort studies and prospective clinical trials remain
necessary to systematically explore the incidence and
etiology of bacterial contamination in postoperative
salvaged blood. In the absence of definitive evidence,
maintaining a 6-hour collection window as the optimal
timeframe for microbial sterility and blood quality

remains a prudent clinical practice.



Notably, our findings supporting this 6-hour window
align well with existing clinical practices in orthopedic
and cardiac surgery*>*. Indeed, devices such as
the OrthoPAT (Haemonetics, Boston, MA, USA)*,
XTRA (Sorin)*, and CATS (Fresenius, Bad Homburg,
Germany)*® have already been successfully used in this
timeframe, underscoringthe broader clinical feasibility

of postoperative processing and retransfusion of shed
blood.

Limitations

Our study has several limitations. Firstly, given that this
is an observational study with a relatively small sample
size, our findings should be interpreted with caution.
Although each group comprised 20 participants,
aligning with sample sizes in prior exploratory studies,
larger-scale investigations are necessary to validate
the results. Secondly, as this was an in vitro study, the
findings may not entirely capture the complexities
inherent in clinical practice. A forthcoming study is
intended to conduct a comprehensive evaluation of the
safety, efficacy, and cost-effectiveness of postoperative
salvaged mediastinal blood for clinical practice, with
the goal of providing more robust evidence for its use in
postoperative autotransfusion.

CONCLUSIONS

Our study establishes a 6-hour collection window as
the optimal period for ensuring microbial sterility and
preserving the quality and safety of salvaged mediastinal
blood. Although the blood maintains stable quality for up
to 12 hours, the heightened risk of contamination beyond
the 6-hour window necessitates rigorous microbiological
monitoring.
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