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OBJECTIVE: We examined the use and cost of autologous blood cell
salvage in women who undergo abdominal myomectomy.

STUDY DESIGN: Patients who underwent abdominal myomectomy
from 2007-2011 were identified. Use of the cell salvage system and
reinfusion of autologous blood in women who had the system set-up
were analyzed. Cost was examined by directly reported data.

RESULTS: We identified 607 patients who underwent abdominal
myomectomy. Four hundred twenty-five women (70%) had the set-up
of the cell salvage system. Cell-salvaged blood was processed and
reinfused into 85 of these subjects (20%). In a multivariable model,
performance of myomectomy by a gynecologic-specific surgeon (odds
ratio [OR], 2.14; 95% confidence interval [CI], 1.28e3.59), >5 my-
omas (OR, 2.49; 95% CI, 1.27e4.89), and larger uterine size sta-
tistically were associated significantly with cell-salvage device set-up.
Conversely, having a reproductive-endocrinology-infertility specialist

as the surgeon was associated with a significant reduction in cell-
salvage system set-up (OR, 0.37; 95% CI, 0.21e0.66). For the
women who had cell-salvage system set-up, uterine size of >15-19
weeks of gestation (OR, 3.22; 95% CI, 1.56e8.95) or �20 weeks of
gestation (OR, 4.62; 95% CI, 1.45e14.73), operating time of >120
minutes (OR, 3.98; 95% CI, 1.70e9.29), and intraoperative blood loss
of >1000 mL (OR, 26.31; 95% CI, 10.49e65.99) were associated
significantly with a higher incidence of reinfusion of cell-salvaged
blood.

CONCLUSION: The routine use of cell salvage in women who undergo
abdominal myomectomy does not appear to be warranted. Cell-
salvage set-up appears to be cost-effective only when reinfused, but
clinical characteristics cannot predict accurately which women will
require reinfusion of cell-salvaged blood.
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A bdominal myomectomy is per-
formed commonly for the excision

of symptomatic uterine fibroid tumors
in women who desire fertility preserva-
tion. Although an effective treatment,
the procedure can be associated with
substantial blood loss.1,2 A number of
adjuvantmeasures are available to reduce
the risk of bleeding that include preop-
erative administration of gonadotropin-
releasing hormone agonists, placement
of a pericervical tourniquet, injection of
intramyometrial vasopressin, and use of

uterotonics.3-7 Despite these measures,
allogeneic transfusion is often required,
with reported rates between 18% and
24% in some studies.8-10

Although allogeneic red blood cell
transfusion is effective in the treatment
of anemia because of acute blood loss,
transfusion is associated with a number
of risks that include infectious compli-
cations, transfusion reactions, and a
substantial cost. To limit allogeneic
transfusion, cell salvage and autologous
blood recovery have been developed for

procedures in which substantial blood
loss is anticipated. Cell salvage has been
studied for orthopedic and cardiovas-
cular procedures, and the technology has
been associated with decreased need for
allogeneic blood transfusion and fewer
bleeding complications.11-16

Despite the bleeding potential of
myomectomy, there have been few data
to describe the role of cell salvage for the
procedure. Small observational studies
have suggested that cell salvage may in-
crease the postoperative hematocrit level
and reduce the need for allogeneic
transfusion.17-19 However, the sample
size in these studies was small, and the
cell-salvage system often was evaluated
within a subgroup analysis and not the
main focus of the studies. Furthermore,
little is known about the cost-effectiveness
of cell salvage for myomectomy.

The primary objective of our study was
to examine the usefulness of cell salvage
in women who undergo abdominal
myomectomy. We also investigated fac-
tors that were associated with rates of
cell-salvage set-up and reinfusion and
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used these data to help estimate costs of
this technology.

MATERIALS AND METHODS

Data for women who underwent ab-
dominal myomectomy between January
2007 and December 2011 were analyzed.
A consecutive list of patients who un-
derwent myomectomy was identified
with the use of institutional databases.
Patients who underwent minimally in-
vasive, hysteroscopic, or vaginal myo-
mectomy were excluded from the
analysis, given the relatively low number
of cases during the study time period.
Study approval was obtained from the
Columbia University Institutional Re-
view Board.

Medical records were reviewed, and
relevant data were extracted. Data that
were obtained included patient de-
mographic information (age at time of
surgery, race, parity), specialty of the
attending surgeon, indication for surgery,
preoperative imaging and laboratory
data, uterine size on physical examina-
tion, total operating time, and estimated
blood loss. The indication for surgery was
classified based on the patient’s chief
complaint. Preoperative anemia was de-
fined as a hematocrit level of <35%.
Uterine size was based on “weeks of
gestation” because it is measured rou-
tinely on physical examination.

Each patient was classified as to wh-
ether the cell-salvage system was set-up
in the operating room before the initia-
tion of the myomectomy. All patients
who had cell-salvage use had the BRAT 2
device (COBE, Arvada, CO). This device
suctions blood from the operative field,
mixes it with heparinized saline solution,
and stores the blood in a canister. When
enough blood has been accumulated, the
blood is processed by centrifugation and
filtration, mixed with saline solution,
and reinfused into the patient.

The primary outcome for this study
was the set-up of the cell-salvage device
during abdominal myomectomy. The
secondary outcome was incidence of
reinfusion of cell-salvaged blood. We
analyzed factors that potentially could
be associated with cell-salvage set-up and
reinfusion. We also estimated the cost
of cell-salvage set-up and reinfusion

in comparison to allogeneic blood
transfusion.
The estimated cost of allogeneic blood

transfusion was determined by the
presence of a the current procedural
terminology code that corresponded
with each step of the blood transfusion
process, including ABO (86900), Rh
(86901), antibody screen (86850), im-
mediate spin cross-match (86920), in-
cubation technique (86921), and blood
administration (36430).20 These current
procedural terminology codes were then
cross-referenced to Medicare reim-
bursement payments with the use of the
website www.cms.gov. The estimated
cost of the cell-salvage system was de-
termined by the New York Presbyterian
Hospital Division of Clinical Perfusion
by estimation of the cost of the CellSaver
(Haemonetrics, Braintree, MA)machine
and supplies in addition to cost of a
perfusionist’s time (both set-up/pack-up
time and operating time) per hour.
These estimates were used to calculate
the total costs of the blood products that
were used in the abdominal myomecto-
mies that we analyzed. We performed
several sensitivity analyses and estimated
the total costs under a variety of clinical
scenarios. Clinical scenarios included
whether all of the patients who under-
went abdominal myomectomy in our
study had had cell-salvage device set-up,
whether none of the patients had cell-
salvage set-up, whether set-up was done
only for those we knew were going to
require reinfusion of salvaged blood, and
whether only the patients we had iden-
tified as “high risk” based on our pre-
dictive indicators had cell-salvage set-up.
Frequency distributions based on set-

up of the cell-salvage device and reinfu-
sion of cell-salvaged blood were analyzed
with c2 tests. For the analysis of reinfu-
sion of cell-salvaged blood, we included
only patients who had the cell-salvage
device set-up. Multivariable logistic
regression models were constructed to
examine predictors of cell-salvage set-up
and reinfusion of cell-salvaged blood,
and adjustments were made for other
demographic and clinical variables. A
second predictive model for reinfusion
of cell-salvaged blood that included only
variables that were available before

surgery is also reported. Results are re-
ported as odds ratios (ORs) with 95%
confidence intervals (CIs). All statistical
tests were 2-sided; a probability value of
< .05 was considered statistically signif-
icant. SAS software (version 9.3; SAS
Institute Inc, Cary, NC) was used for all
statistical analyses.

RESULTS

A total of 607 patients who underwent
abdominal myomectomy were identi-
fied. In this sample, 425 patients (70.0%)
had the cell salvage machine set-up for
collection; 182 women (30.0%) did not.
The rates of cell-salvage set-up between
2007 and 2011, per quarter, are pre-
sented in Figure 1. The procedures were
performed by 46 surgeons, with a me-
dian operative volume of 6 cases (range,
1e94). The rate of cell-salvage set-up by
quarter ranged from 46.4e87.8%.

The clinical characteristics of the
cohort are displayed in Table 1. No dif-
ference was observed between the pa-
tients who had cell-salvage system set-up
and those who did not have the set-up
with regard to age, race, year of surgery,
or performance of previous myomec-
tomy (P > .05 for all). Bleeding as an
indication for surgery (P ¼ .01), lower
preoperative hematocrit level (P ¼ .01),
performance of myomectomy by a
gynecologic-specific surgeon (P<.0001),
uterine size >15 weeks of gestation on
physical examination (P < .0001), and
>5 fibroid tumors visualized on preop-
erative imaging (P < .0001) were associ-
ated significantly with higher incidence
of cell-salvage set-up. In the adjusted
model, performance of myomectomy
by a gynecologic-specific surgeon (OR,
2.14; 95% CI, 1.28e3.59), >5 myomas
(OR, 2.49; 95% CI, 1.27e4.89), and
larger uterine size statistically were
associated significantly with cell-salvage
set-up (Table 1). Conversely, having
a reproductive-endocrinology-infertility
specialist as the surgeon was associated
with a significant reduction in cell-
salvage device set-up (OR, 0.37; 95%
CI, 0.21e0.66).

A total of 144 units of salvaged blood
were processed and reinfused into 85
patients (20.0%). There were no intra-or
postoperative complications that were
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