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Abstract: Utilization of intraoperative autotransfusion (IAT)
during cardiac surgery with cardiopulmonary bypass (CPB) has
been shown to reduce allogeneic red blood cell transfusion. Pre-
vious research has emphasized the benefits of using IAT in the
intraoperative period. The present study was designed to evaluate
the effects of using IAT on overall hematocrit (Hct) drift between
initiation of CPB and the immediate postoperative period. We
reviewed 3,225 adult cardiac procedures occurring between Feb-
ruary 2016 and January 2017 at 84 hospitals throughout the United
States. Data were collected prospectively from adult patients un-
dergoing cardiac surgery with CPB, and stored in the SpecialtyCare
Operative Procedural rEgistry (SCOPE), a large quality improve-
ment database. Patients receiving allogeneic transfusion and
those with missing covariate data were excluded from analysis. The
effect of IAT volume returned to patients on the primary endpoint,
hematocrit change from CPB initiation to intensive care unit (ICU)
entry, was assessed using a multivariable linear mixed effects

regression model controlling for patient demographics, operative
characteristics, surgeon, and hospital. Descriptive analysis showed
greater positive hematocrit change with increasing autotransfusate
volume returned. Those patients with no IAT volume returned saw
a median hematocrit change of +2.00%, whereas those with more
than 380 mL/m” BSA had a median Het drift of +5.00% (p < .001).
After controlling for known confounds, our regression estimate of
the effect of IAT volume returned on Hct drift was +.0045% per
1 mL/m? BSA (p < .001). For a patient with the median auto-
transfusate volume returned (273 mL/m? BSA), and all other co-
variate values at their respective medians, this translates to
a predicted hematocrit change of +3.6% (95% CI +3.1 to +4.1).
These findings lend further support to the notion that auto-
transfusate volume is positively associated with increases in post-
operative hematocrit. Keywords: intraoperative autotransfusion,
cell-salvage, cardiopulmonary bypass, post-operative hematocrit
change, hematocrit-drift. J Extra Corpor Technol. 2017;49:241-248

The recovery of shed blood, its processing, and its re-
infusion is termed “blood salvage.” Generally the intra-
operative standard is to wash the recovered blood, whereas
the majority of post-operatively recovered blood is not
washed before re-infusion. A combination of techniques is
generally advised to decrease the need for allogeneic
transfusion (1). A multidisciplinary approach to peri-
operative blood conservation and product management has
been endorsed as best practice by the Society of Thoracic
Surgeons in adult patients to minimize high transfusion rates
associated with cardiovascular surgery (2). Clinical trials
suggest that a restrictive approach to red blood cell trans-
fusions (3) is associated with equivalent and potentially
improved clinical outcomes in critically ill patients (4,5), with
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similar outcomes in post-operative cardiac surgery patients
(6). Techniques have been reviewed, examined, and col-
laborated as components of a multimodality team and
process to reduce the likelihood of receiving an allogeneic
blood transfusion (7-10). Re-infusion of salvaged autologous
blood after conventional cardiac surgical procedures using
cardiopulmonary bypass (CPB) and the deployment of
a cell-salvage device is termed intraoperative autotransfu-
sion (IAT) (11,12). Benefits of IAT include reduced allo-
geneic blood exposure without an increase in adverse events
or coagulopathy (13,14), the avoidance of immunosup-
pression, and the reduced transmission of infection (15).
Residual CPB volume that is processed by the IAT device
diminishes the amount of active inflammatory mediators
(16,17). Preoperative anemia management in collaboration
with practices focused at interventions during the surgical
procedure may provide a more significant benefit in reducing
transfusion risk (18,19). The purpose of this study was to
assess the relative degree to which the re-infusion of IAT
homologous red blood cells improves overall positive peri-
operative Hct drift between CPB initiation and entry to the
intensive care unit.
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All Adult Patients Undergoing on CPB
Cardiac Procedures from Feb 16 to Jan 17
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Figure 1. Sample inclusion/exclusion criteria caption.
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METHODS

Data were collected prospectively from adult patients
undergoing cardiac surgery on CPB with the use of a cell-
salvage device, from February 2016 through January 2017
at 84 hospitals throughout the United States. Data entry
and storage were carried out using the SpecialtyCare
Operative Procedural rEgistry (SCOPE), a quality im-
provement database. The SCOPE registry was established
in 2011 as a national quality control process for system-
atically collecting intraoperative data relevant cardiac
surgical procedures. Data validation is assured by monthly
auditing of random case records. The human subjects’
research protocol for this study was reviewed and approved
by an independent institutional review board.

Sample inclusion and exclusion criteria are summarized
in Figure 1. Patients with missing data on variables of in-
terest and those receiving allogeneic red blood cells
intraoperatively were excluded, yielding a final sample of
3,225 adult patients. The primary endpoint, Hct change,
was calculated by subtracting each patient’s Hct at CPB
initiation from their later Hct at ICU entry such that
positive figures represented increases in Hct, e.g., positive

'Institutional ethics review board approval was obtained for the use of data
from the SCOPE registry (Protocol #012017, Schulman IRB, 4445 Lake
Forest Drive, Suite 300, Cincinnati, OH).
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[+] Hect drift. In addition to information on each patient’s
Hct, we collected a broad range of relevant demographic
and intraoperative variables, including factors related to
procedure type and acuity and perfusion-relevant volu-
metric measures.

Descriptive statistics were calculated across five groups
according to BSA-normalized autotransfusate volumes: No
volume returned, less than 200 mL/m? BSA, 200-275 mL/m?
BSA, 275-380 mL/m?> BSA, and greater than 380 mL/m?
BSA. Differences across these five groups were assessed
using Kruskal-Wallis rank sum test for continuous variables
and chi-squared tests for categorical variables.

We assessed the effect of autotransfusate volume
returned to patients at the conclusion of surgery on our
primary endpoint, Hct drift, using a multivariable linear
mixed effects model. This particular regression modeling
tool allows one to account for the correlation in outcomes
that occurs for patients undergoing surgery at the same
hospital, or with the same surgeon. In addition to these
effects, we included statistical controls for age, gender,
body surface area, diabetes status, procedure type, non-
elective acuity, reoperation, net priming volume, asangui-
neous volume added during CPB, crystalloid cardioplegia
volume, urine output on CPB, anesthesia asanguineous
volume, ultrafiltration volume, total CPB time, cross-clamp
time, first Hct on CPB, and total volume of acute normo-
volemic hemodilution collected and returned to the patient.
All analyses were carried out using the R statistical
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computing environment (20) in conjunction with the data.
table (21), ggplot2 (22), Ime4 (23), effects (24), and sjPlot
(25) packages.

RESULTS

Table 1 gives demographic and procedural characteris-
tics according to IAT volume returned groupings. Female
patients represented relatively smaller proportions of
all patients within the larger volumetric groupings
(p =.007)—a pattern that was observed among patients
with non-elective procedures (p =.027) and a history of
diabetes (p < .001). Among patients undergoing reopera-
tion, the majority fell into the higher volume returned
categories (p = .04).

Intraoperative and volumetric characteristics of our
sample are reported in Table 2. Median CPB time and
cross-clamp times were longest in the largest volume
returned group and shortest in the smallest volume
returned group, respectively (both p < .001). Median ATS
processed volume (as opposed to returned) was lowest in
the “No Volume Returned” group at 329 mL, and highest
in the 380 mL/m” BSA group at 3,616 mL (p < .001). Taken
together, these descriptive findings suggest the importance
of operative time as a predictor of IAT volume processed
and eventually returned to the patient.

Descriptive analyses of Hct in the perioperative period
are summarized in Table 3. Across the five groups patients
did not vary greatly in median first Hct on CPB (although
the small differences between groups were statistically
significant); however, the median Hct drift from the

Table 1. Demographic and procedural characteristics.

initiation of CPB to the ICU entry was greatest in the
largest IAT volume returned group and smallest in the no
volume returned group (5.0% vs. 2.0%, p < .001). Data is
expressed within Figure 2 as median with whiskers repre-
senting 1.5 times the interquartile range.

Our multivariable linear mixed model results are sum-
marized in Figure 3 and Appendix Table 1. After con-
trolling for known confounding variables, including
hospital and surgeon, we estimated the effect of IAT
volume returned to patients to be a .0045% increase in
positive Het drift per mL/m?* BSA returned to the patient.
For the median patient, with IAT returned volume of
273 mL/m? BSA, this equates to a predicted Hct drift
between CPB initiation and ICU entry of 3.6% points
(95% CI +3.1 to +4.1).

DISCUSSION

Intraoperative blood salvage should be the centerpiece
of a cardiac surgical blood management program as it is
the procedure that typically returns the greatest volume
of red blood cells (RBC). Intraoperative autotransfusion
was performed using various competitive cell-salvage units
designed to collect, spin, and wash the salvaged RBC’s with
normal saline .9% and then suspending the processed vol-
ume in a transfusion bag in the perioperative setting with an
approximate hematocrit of 55-60% (11,18,19,26). During
the processing of IAT, these devices also remove functional
platelets and clotting factors that can effect coagulation.

Re-infusion of the processed IAT volume was continu-
ous and a seamless transition while the perfusionist

No Volume Less Than More Than
Returned 200 mL/m? 200-275 mL/m? 275-380 mL/m> 380 mL/m? p-Value
Observations 60 742 832 768 823
Female gender—n (%) 17 (28.3) 194 (26.1) 198 (23.8) 170 (22.1) 154 (18.7) 007

Patient age (years)—median [IQR]

Body surface area (m*)—median
[10R]

Nadler est. blood volume
(L)—median [IQR]

2.00 [1.84, 2.13]

520 [4.68, 5.65]

Diabetic patient—n (%) 24 (40.0) 320 (43.1)
Procedure type

Isolated CABG—n (%) 47 (78.3) 581 (78.3)
Aortic surgery—n (%) 1(1.7) 3(4)
AV surgery + CABG—n (%) 2(3.3) 47 (6.3)
Combined AV/MV surgery—n (%) 1(1.7) 2 (.3)
Isolated AV surgery—n (%) 5(8.3) 61 (8.2)
Isolated MV surgery—n (%) 4 (6.7) 32 (4.3)
MYV surgery + CABG—n (%) 0 (.0) 16 (2.2)
Non-elective procedure—n (%) 24 (40.0) 251 (33.8)
Reoperation—n (%) 1(1.7) 11 (1.5)

538 [4.76, 6.04]

62.50 [56.75, 73.00] 66.00 [59.00, 72.00] 66.00 [58.00, 73.00] 66.00 [58.00, 73.00] 65.00 [57.00, 72.50] 344
2.05 [1.89, 2.22]

2.03 [1.89, 2.14] ~ 2.05[1.89,2.20]  2.04 [1.84, 2.19] 011
531 [4.84,575]  5.41[4.82,6.00]  5.40 [4.67, 5.94] 021
304 (36.5) 257 (33.5) 226 (27.5) <.001
<.001
577 (69.4) 503 (65.5) 413 (50.2)
16 (1.9) 14 (1.8) 36 (4.4)
68 (8.2) 66 (8.6) 70 (8.5)
13 (1.6) 10 (1.3) 26 (32)
98 (11.8) 109 (14.2) 151 (18.3)
47 (5.6) 53 (6.9) 101 (12.3)
13 (1.6) 13 (1.7) 26 (32)
245 (29.4) 221 (28.8) 227 (27.6) 027
18 (2.2) 21 (2.7) 32 (3.9) 040

mL/m?, milliliters of ATS volume returned to patient per patient body surface area in meters-squared; CABG, cardiopulmonary bypass with graft; AV,

aortic valve; MV, mitral valve.
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Figure 2. Hematocrit drift: first on CPB to ICU
entry, by normalized autotransfusate volume
returned. Boxplot interpretation: line at middle of
box represents median, top and bottom of box
are 25th and 75th percentiles, respectively.
“Whiskers” extend to 1.5 times the inter-quartile
range above the 75th and below the 25th per-

Het Drift: First on CPB to First in ICU

20

centiles. Dots represent individual data points.
mL/m?, milliliters of ATS volume returned to
patient per patient body surface area in meters-
squared; ATS, autotransfusate; Hct, hematocrit;
CPB, cardiopulmonary bypass; ICU, intensive
care unit.

No Less 200mLt 275mLJ

Volume than S m.sq. to

Returned 200mUJ 275mu 380mu
m.sq msq m.sq

ATS Volume Returned Grouping

emptied their post-CPB circuit volume; the concurrent
recovery of mediastinal shed blood as hemostasis was
achieved and the sternum approximated and closed. The
monitoring of the hemodynamics for fluid assessment and
filling pressures were managed by the anesthesiologist.
They used our processed IAT, and physician choice of
crystalloid and vascular expander colloids as needed. Once
undraped, the transferring of the patient to their bed, with
all their volume of IAT was completed either in the op-
erating room suite or by the time the patient arrives at the
ICU; was monitored by the team.

Anesthesia techniques and fluid administration are not
standardized among the cardiac anesthesiologist (27).

Model-Predicted Hematocrit Drift: First on CPB to First in ICU

Predicted Increase in Hematocrit

0 250 500 750

Before CPB, blood pressure is maintained with a-receptor-
specific medications used to squeeze the vascular smooth
muscle tone to elevate blood pressure (28) rather than fluid
administration as long as monitoring parameters do not
indicate a deleterious fluid deficit (29).

Conservation modalities that are frequently used in
cardiac surgery are acute normovolemic hemodilution
(ANH) and autologous priming (AP) (30) techniques of
the extracorporeal bypass circuit performed by the
perfusionists. Communication between the surgeon,
perfusion, and anesthesia teams are coordinated to ini-
tiate and deploy their specific physician protocol
methods for ANH and/or AP techniques before CPB

Figure 3. Effect of autotransfusate volume on
hematocrit drift: regression-adjusted estimates
and 95% confidence intervals. CPB, cardio-
pulmonary bypass; ICU, intensive care unit.

1000

Total Volume Returned to Patient (mL per m-squared BSA)
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(8,31,32) to achieve the effect of a reduction in
hemodilution.

As the patient’s cardiac procedure reaches the point
during the case where the chest wires are placed and he-
mostasis being evaluated before the wires being cinched
closed and twisted, the washed and processed red cells
shed from mediastinum, chest tube outflow, and from the
post-CPB pump run have a survival which is equal to that
of the patient’s own blood, the morphology is unchanged,
the levels of 2, 3-DPG are higher than allogeneic blood
and the osmotic fragility is unchanged. All evidence suggests
that the washed product from a cell salvage system is equal
or superior to allogeneic blood. The ability of IAT to reduce
the need for allogeneic blood transfusion after cardiac surgery
has been well documented (33).

CPB has been associated with a significant systemic in-
flammatory response, which may lead to a capillary leak
syndrome and a decrease in circulating blood volume
(16,34,35). Studies have shown that this transfer of fluid
into the third space within minutes of the initiation of CPB
could result in an increase in the extravascular fluid volume
of several liters during the first 24 hours (36,37). The in-
flammation caused by CPB may explain the post-operative
pattern of hemoglobin shift and fluid mobilization occur-
ring, with the circulating blood volume normalizing to
include the volume re-infused. Their vascular compartment
autoregulates as the core-temperature of 37°C is achieved
with hemostasis, splenic bed release of the hibernating and
sequestered RBC population, and the ongoing diuresing of
kidney performance and monitoring urine outputs are key
physiologic elements that afford discovery of the Hct drift
(38-42) upward to demonstrate a positive Hct % change
displayed on Table 3.

After controlling for known confounding variables
normalized per BSA, effects of IAT volumes returned to
our five cohort groups provided the evidence and analysis
to build our model. This predictive-model displayed on
Figure 3 expresses a [+] Hct % drift that demonstrates
a positive slope trajectory correlating to greater increases in
perioperative Hct recovery in the immediate post-
operative setting. The median Hct drift from the initia-
tion of CPB to the ICU entry was greatest in the largest
IAT volume returned group and smallest in the no volume
returned group (5.0% vs. 2.0%, p < .001). Our statistical
analysis estimates a .0045% increase in positive Hct drift
per mL/m? BSA returned for the patient. A patient fall-
ing within the median range of autotransfusate returned
volume of 273 mL/m? BSA, this correlated to a predicted
Hct drift between CPB initiation and ICU entry of 3.6%
points (95% CI +3.1 to +4.1). The surprising findings fell
within the initial group of 60 subjects studied. They had no
volume transfused, and their median Hct % increased by
2.00 points. Spanning the subsequent 4 remaining IAT
groups of 3,165 subjects, their respected median Het % rise

J Extra Corpor Technol. 2017;49:241-248

was statistically significant to create a positive sloped-axis
with the regression analysis values delineated on Table 3.
Data has identified a physiologic forecast to provide
a benchmarking tool to be used within the cardiac surgical
team members evaluating blood management objectives
and outcome goals.

Limitations

There are several limitations to this study and include
the analysis of data from a retrospective observational
registry. This study was conducted using a national reg-
istry of data collected in a prospective, but non-randomized
manner. Although the study comprised over 26,000 cases
during the study period, only 3,225 patients were in the five
cohort groups. Protocols for the timing of and the drip-rate
used by the anesthesia team to deliver the processed and
re-infusion of the IAT volumes were not standardized
across centers. Therefore, differences in practice patterns
do exist, and although we attempted to minimize these by
multivariable logistic regression, we realize that variability
may exist. Furthermore, blood management as well as
transfusion protocols varied both across and within indi-
vidual hospitals, so the administration of RBC may have
been biased by clinical decisions.

CONCLUSION

As the patient’s post-operative course achieves he-
mostasis, coagulopathies were corrected to maintain
pre-operative hemodynamic parameters; this predicted
Hct drift model may allow bedside team members and
physician staff time to evaluate all critical factors know-
ing the Hct will elevate to a target range and thwart
a potential allogeneic transfusion. Further research is
warranted to examine and investigate the drivers of
physiologic metrics that lead clinicians to understand
Hct drift.
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Appendix Table 1. Multivariable linear mixed model full results.

Linear Mixed Effects Model Full Results

Fixed Effects Parameter Estimate 95% Confidence Interval p-Value
(Intercept) 13.576 10.67 to 16.48 <.001
Autotransfusion volume returned per m*> BSA .0045 .00 to .01 <.001
Gender (women) —.3585 —.89 to .17 .186
Patient age —.0144 —.03 to .00 133
BSA .9486 —.05 to 1.94 .062
Diabetes status (yes) 2078 —.21to .62 329
Procedure: aortic surgery —.0554 —1.47 to 1.36 939
Procedure: AV surgery + CABG —.1096 —.90 to .68 785
Procedure: combined AV/MV surgery .8209 —.81 to 2.45 323
Procedure: isolated AV surgery 211 —.42 to .84 513
Procedure: isolated MV surgery 4055 —42t0 1.23 334
Procedure: MV surgery + CABG —.2475 —1.63 to 1.14 726
Non-elective acuity .3695 —.12to0 .85 135
Reoperation (yes) —.4664 —1.69 to .76 455
Net prime volume 0 —.00 to .00 .963
Asanguinous volume added on CPB —.0004 —.00 to —.00 .039
Crystalloid cardioplegia volume .0002 —.00 to .00 476
Urine output volume on CPB .0012 .00 to .00 .004
Anesthesia asanguineous volume —.0006 —.00 to —.00 <.001
Ultrafiltration volume .0001 —.00 to .00 449
Total CPB time (minutes) —.0253 —.04 to —.01 <.001
Cross clamp time (minutes) .0068 —.01 to .02 321
First hematocrit on CPB —.3325 —39to —.28 <.001
Autologous blood harvest volume (mL) .0026 .00 to .00 <.001
Random effects

Residual variance 29.831

Surgeon-level variance 0

Hospital-level variance 2.924

Number observations: surgeons 177

Number observations: hospitals 84

Intraclass correlation coefficient: surgeons 0

Intraclass correlation coefficient: hospitals .089

p-Values and 95% confidence intervals obtained via the Kenward—Roger approximation as implemented in the R package “effects.” mL/m?, milliliters of
ATS volume returned to patient per patient body surface area in meters-squared; CPB, cardiopulmonary bypass; IQR, inter-quartile range; Hct, he-
matocrit; ICU, intensive care unit; BSA, body surface area; CABG, cardiopulmonary bypass with graft; AV, aortic valve; MV, mitral valve.
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