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Abstract

Background—Therising costs, limited supply, and clinical risks associated with alogeneic
blood transfusion have prompted investigation into autologous blood management strategies, such
as post-operative red cell salvage. This study provides a cost comparison of transfusing washed
post-operatively salvaged red cells using the OrthoPat device versus unwashed shed blood and
banked allogeneic blood.

Study Designh and Methods—Cell salvage data was retrospectively reviewed for a sample of
392 patients who underwent primary hip or knee arthroplasty. Average unit costs were calculated
for washed salvaged red cells, equivalent units of unwashed shed blood, and therapeutically
equivalent volumes of allogeneic packed red cells.

Results—Noinitia capital investment was required for the establishment of the post-operative
cell salvage program. For patients undergoing total knee arthroplasty (TKA), the average unit cost
for washed post-operatively salvaged cells, unwashed shed blood, and allogeneic banked blood
was $758.80, $474.95, and $765.49, respectively. In patients undergoing total hip arthroplasty
(THA), the average unit cost for washed post-operatively salvaged cells, unwashed shed blood,
and allogeneic banked blood was $1827.41, $1167.41, and $2609.44, respectively.

Conclusion—This analysis suggests that transfusing washed post-operatively salvaged cells
using the OrthoPat device is more costly than using unwashed shed blood in both THA and TKA.
When compared to allogeneic transfusion, washed post-operatively salvaged cells carry a
comparable cost in TKA, but potentially represent a significant savings in patients undergoing
THA. Sensitivity analysis suggests that in the case of TKA, however, cost comparability exists
within a narrow range of units collected and infused.
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INTRODUCTION

Blood transfusion is an essential component of the peri-operative management of patients
undergoing elective hip and knee arthroplasty procedures, which are frequently associated
with significant blood loss. While estimates vary, review of the existing literature reveals
transfusion rates ranging from 22-97%,1~# suggesting that blood management strategies
have a significant economic impact in these procedures as well, especially when one
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considers recent cost estimates of $522-$1183 per unit of allogeneic packed red blood
cells.® The healthcare industry's increasing focus on cost containment coupled with provider
and patient concerns about the limited supply of, and potential complications associated
with, allogeneic blood transfusion have prompted investigation into alternative methods of
peri-operative blood conservation.

Autologous transfusion in the post-operative period, specifically the techniques of post-
operative salvage, has sparked growing interest. One method of post-operative salvageisthe
collection and reinfusion of unwashed shed blood from wound drainage. While early studies
warned of significant complications associated with this technique,® more recent studies
suggest that the reinfusion of unwashed shed blood may represent a safe strategy to reduce
exposure to allogeneic transfusion.” 12 Alternatively, blood may be collected, washed,
filtered, and reinfused using a specialized device such as the OrthoPat, an automated bread-
box sized device that can be mounted on an intravenous pole near the patient.

Previous studies have highlighted the potential clinical advantages of cell salvagein
decreasing the need for and risks associated with allogeneic transfusion.12 However, thereis
some debate as to the overall cost-effectiveness of utilizing cell salvage when compared to
allogeneic transfusion, specifically with elective total hip and knee arthroplasty
procedures,11.13

Given the use of processed post-operative cell salvage in elective orthopedic hip and knee
arthroplasty in our health system, we initiated a retrospective study to evaluate the cost-
effectiveness of this technique when compared with the costs of transfusing unwashed post-
operatively salvaged shed blood as well as standard allogeneic blood transfusion. We
hypothesized that our currently employed blood conservation technique would be less cost-
effective than both the transfusion of unwashed cells and banked allogeneic blood.

MATERIALS AND METHODS

A post-operative cell salvage program was established at the University of Pittsburgh
Medical Center St. Margaret's Hospital (UPMC-SMH) in conjunction with BioTronics, Inc.,
asubsidiary company of the health system. BioTronics, Inc. created and maintains a
database to collect the necessary information to perform ongoing cost analyses. The use of
de-identified information from the database for the purpose of research was approved by the
University of Pittsburgh Medical Center's Institutional Review Board.

Retrospective cell salvage information from a twelve-month period from January through
December 2009 was obtained from the database. Three hundred ninety-two primary hip and
knee arthroplasty procedures were performed during this time. Hip and knee arthroplasties
were further differentiated given the varying degree of post-operative blood |oss between the
procedures 1415

Red cell mass was calculated by multiplying the volume of blood collected by the
hematocrit of that particular unit. Given that previous studies have defined one unit of
allogeneic packed cells as having ared cell mass of 200 mL, the number of allogeneic
equivalent units was cal culated using this definition.16.17 Supplemental allogeneic
transfusion was not considered in this study. Process maps were formulated to capture the
associated costs of obtaining and transfusing one unit of allogeneic blood and one unit of
post-operatively salvaged blood. A cost comparison study, with corresponding sensitivity
analysis, was then performed to determine the most economical peri-operative blood
management strategy.
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Initial Capital Investment

This aspect of cost includes expenditures related to the establishment of a post-operative cell

salvage program exclusive of daily operating costs. The costs assessed included the purchase
of the required equipment, supplies, and training of personnel necessary for daily operations.
Administrative costs were difficult to obtain and therefore excluded from our analysis.

The egquipment utilized was the OrthoPat Cell Salvage system developed by Haemonetics,
Inc. At the time of the establishment of this autotransfusion program, the OrthoPat device
was selected given that it was fully automated and therefore more suitable for use on a
nursing floor. UPMC-SMH did not purchase the OrthoPat devices; rather, these devices
were provided on an as-needed basis from BioTronics, Inc. The costs associated with the
purchase of the OrthoPat devices and the training of the technicians were incorporated into
the cost of the disposable equipment required for its use, which was purchased from
BioTronics, Inc. Asaresult, this cost assessment did not require consideration of an initial

capital outlay.

Operating Costs

Operating costs are those expenditures related to the daily functioning of the program and
consist of both direct and indirect costs. Direct costs, namely those that are specifically
linked to the cell salvage program, include labor and supplies. Indirect costs, which are not
directly associated with the production process, include the costs for utilities and those
associated with requisite administrative tasks, such as staff meetings.

Direct Costs—Direct costs were assessed in terms of fixed and variable costs. Fixed costs,
specifically those expenses that remain constant regardless of the volume produced,
included equipment costs and certain labor expenses. Given the ingtitutional procurement
arrangement with BioTronics Inc., as well as the essential lack of salaried employee
expenses, it was unnecessary to consider those elements of fixed cost in our analysis.
However, we did account for the cost of the disposable equipment and technician time
required to utilize the OrthoPat device, phlebotomy and blood bank costs associated with
performing atype and cross, aswell as the costs of intravenous infusion tubing and saline.
These items were considered to be components of fixed cost as they were required for each
patient, regardless of the number of units produced. Of note, the cost of the disposable
equipment in our institution's procurement arrangement included a bundled lease fee for the
OrthoPat equipment.

In contrast to fixed costs, variable costs are those expenditures that are incurred per unit of
cells produced and transfused. These metrics were associated with the quantity of post-
operatively salvaged blood processed and reinfused. In our assessment, this included costs
associated with nursing time and the number of times the processed blood collection bags
had to be exchanged.

Indirect Costs—Indirect costs, which include electricity necessary for operation of the
device, physical space for equipment storage, disposal costs, and administrative costs were
difficult to quantify at our ingtitution. Additionally, many aspects of indirect costs, namely
those associated with personnel and facilities, are applicable to all three transfusion
modalities and thus unlikely to contribute significantly to cost variability. Asaresult, our
analysis did not specifically address indirect costs.

Average Unit Costs

Based upon our consideration of operating expenses, we first calculated the average cost of
one unit of packed red blood cells derived from washed, post-operatively salvaged blood.
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This was achieved by calculating the overall cost for transfusing washed, post-operatively
salvaged cells for the patients in the study sample and dividing this by the total number of
units transfused. Using this method, the average unit cost would necessarily incorporate the
costsincurred in instances where the OrthoPat was utilized without the transfusion of post-
operatively salvaged blood. However, we felt that this was an important consideration in
understanding overall costs associated with this program.

This calculated cost was then compared to the cal culated average costs of transfusing one
unit of unwashed shed blood as well as one unit of banked allogeneic packed red blood cells
(PRBC) obtained from the Central Blood Bank. In comparing the economics of transfusing
washed versus unwashed post-operatively salvaged cells, we assumed that the same number
of PRBC equivalent units would be collected by both salvage methods.

Calculation of the total cost of transfusing unwashed post-operatively salvaged cells for the
patientsin the study sample required consideration of fixed and variable costs. Fixed costs
included phlebotomy, type and cross match, the equipment required to collect wound
drainage and transfuse salvaged cells, and the labor cost associated with connecting and
monitoring the equipment. Variable costs included the labor costs associated with hanging
and priming each unit of unwashed, salvaged cells, as well as the cost associated with
changing the collection bag. The overall cost of transfusing unwashed post-operatively
salvaged cells for the patients in the study sample was cal culated and was divided by the
total number of units transfused to determine the average unit cost.

In making a comparison to alogeneic transfusion, the PRBC equivalent units obtained for
each patient via processed salvage were rounded down to the nearest unit and summed to
obtain atotal for the study population. Our rationale was based on the premise that a PRBC
volume of less than 1 unit would amount to a subtherapeutic intervention.1® Furthermore,
the transfusion of partial allogeneic unitsis not part of our practice. Fixed costs included
those associated with phlebotomy, performance of atype and cross, and equipment required
for transfusion. Variable costs included per unit procurement costs, blood bank labor costs
associated with processing each allogeneic unit, as well as nursing labor costs associated
with transfusion and monitoring of the patient. The average cost of each allogeneic unit was
determined using the same methodology described for washed and unwashed salvaged units.

The OrthoPat device and full disposable setup were connected to all of the patientsin this
study. Of the 392 patients who underwent elective primary hip or knee arthroplasty during
thistime, 323 (82.4%) received post-operative transfusion of some quantity of salvaged
blood. In examining the subset of 317 patients who underwent primary total knee
arthroplasty (TKA), 270 (85.2%) received post-operatively salvaged blood (Figure 1). By
comparison, 53 of the 75 (70.7%) patients who underwent primary total hip arthroplasty
(THA) received salvaged blood (Figure 2).

Given that one unit of PRBCsis equivalent to 200 mL of red cell mass, atotal of 330.4
PRBC equivaent units were salvaged for the entire study sample, with 251 patients
receiving the equivalent of 1 unit or less. In considering the sample overall, an average of
0.84 PRBCS equivalent units was salvaged per case. In the cases of TKA, an average of
0.95 PRBC equivalent units was salvaged per case compared to the average 0.39 PRBC
equivalent units salvaged per case of THA (Table 1).
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Capital Outlay

Noinitial capital outlay was required to establish a post-operative cell salvage program at
UPMC-SMH, as described in Methods. The eguipment was purchased and maintained by
our subsidiary, BioTronics, Inc., and was provided on an as-needed basis to the health
system. The costs of the equipment, technician training, and transportation were
incorporated into the cost of the disposabl e equipment, which was purchased from
BioTronics, Inc.

Operating Costs
All operating costs are summarized in Table 1.

Fixed Costs—Each patient in the study sample required atype and crossmatch, which was
performed by a phlebotomist at a cost of $20 per blood draw using the necessary
phlebotomy supplies at a cost of $0.93. Each type and cross carried a cost of $205 and
required 50 minutes of processing and analysis by techniciansin our institution's blood

bank. Sixty percent of the processing was performed by a skilled blood bank technician with
an average hourly wage of $19 per hour including benefits. The remaining 40 percent of the
processing was performed by a blood bank aide with an average hourly wage of $9.50. The
cost of the disposable equipment required for post-operative cell salvage was $386.10 and
consisted of adisposable setup and a connection line placed intraoperatively. Each use of the
OrthoPat, regardless of the amount of blood collected, required one hour of setup time by a
trained technician with an hourly wage of $19.50 including benefits. Each patient received
intravenous tubing and a saline carrier, which carried costs of $4.49 and $0.99, respectively.
Thus, the fixed cost per patient was $649.68.

Variable Costs—When an adequate volume of the patient's blood is collected, a staff
nurse exchanges the filled collection bag and replaces it with an empty collection bag.
Patient identifiers are inspected, blood administration tubing is primed, collected cells are
transfused, and the patient's vitals are monitored closely, a process which requires
approximately 1 hour. While this segment of the process may be performed multiple times
during a patient's post-operative hospital stay, there are numerous variablesinvolved in
determining the frequency with which this occurs. Thus, for the purposes of this study, we
estimated two changes per patient based upon the consideration that the median volume
contained in each collection bag is approximately 275 cc. The hourly compensation for the
nursing staff at this institution was $42 per hour. As previously mentioned, 323 of the 392
patients received some volume of salvaged blood, even if the reinfusion volume amounted
to lessthan 1 PRBC equivalent unit. Therefore, the nursing cost was applied to the 251
patients who received 1 unit or less of salvaged packed red cells.

Average Unit Costs

In calculating average unit costs, we cal culated the overall cost associated with transfusing
processed salvaged blood using the OrthoPat in our study sample and divided that cost by
the total number of units of PRBCs transfused. The average cost of transfusing 1 unit of
processed salvaged red cellsin the study sample overall was $852.92. In considering the
procedures independently, the average unit cost in primary TKA was $758.80 compared
with $1827.41 in primary THA (Table 2). The significant cost difference between the two
procedures is largely attributable to the burden of fixed cost. Given that fewer units were
salvaged in the THA group, the overall fixed cost for the patient sample was distributed over
fewer units when compared to the TKA group in which there was alarger volume of cells
salvaged.
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Next, we calculated the cost associated with transfusing unwashed cells from wound
drainage. Similar to the patients receiving washed salvaged blood, patients receiving
unwashed salvaged blood also require phlebotomy for atype and crossmatch. The cost of
the disposabl e equipment required to collect wound drainage was approximately $105.
Connection of the equipment and monitoring require approximately 0.5 hours of time by a
skilled staff nurse. Intravenous tubing and a saline carrier are also used in these patients. The
process of priming the tubing, transfusing the shed blood, and monitoring the patient
requires 1 hour of time by a skilled staff nurse. This process of reinfusing unwashed cells
from wound drainage occurs over a 6-hour period, after which it expires as per transfusion
standards at our ingtitution. We again estimated an average of 2 collection bag changes per
patient. The average cost of transfusing 1 unit of unwashed salvaged cells in the study
sample was $535.94. |n differentiating between the procedures, the average unit cost was
$474.95 in TKA procedures and $1167.41 in THA procedures.

Using the methodology described above, the number of therapeutic equivalent units of
allogeneic blood was calculated. Given that our institution does not transfuse partial
allogeneic units, the number of units salvaged for each patient was rounded down to the
nearest whole unit to obtain the number of allogeneic therapeutic equivalent units. In our
study sample, atotal of 205 therapeutic equivalent units of allogeneic cells were transfused.
Asin the case of both salvage modalities, patients receiving allogeneic transfusions must
undergo phlebotomy to obtain a blood sample as well as atype and crossmatch. These costs
are quantified earlier in this section. Post-operatively, each patient undergoes a complete
blood count (CBC) in order to assess hematocrit and determine the need for allogeneic
transfusion. This process again requires the skills of a phlebotomist and the requisite
disposable equipment. The process of receiving, processing, and reporting the results of the
CBC requires 1 hour of the skills of alaboratory technician with hourly compensation of
$18.54. The results are then reviewed by the patient's physician, and a computerized order
may be placed for blood transfusion. This process requires approximately 5 minutes, and the
average hourly wage of an orthopedic surgeon is approximately $212.71. The time required
for the ingtitution’s blood bank to receive the order, prepare the blood, package the unit, and
transport it to the appropriate floor is approximately 1 hour. The labor costs associated with
blood bank personnel are quantified earlier in this section. With regard to procurement of
allogeneic packed red blood cells, our ingtitution obtains each unit of allogeneic packed red
blood cells from the Central Blood Bank at a cost of $156. Intravenous tubing and a saline
carrier are required to transfuse blood products. The process of obtaining an allogeneic unit,
verifying patient identifiers and blood compatibility, priming the blood administration set,
transfusing, and monitoring the patient for adverse reactions requires approximately 2 hours
and the skills of a staff nurse, which appears to be in agreement with nursing timesin
previously published cost analyses for allogeneic transfusion.1?

The average cost of transfusing each unit of allogeneic cellsin the overall study sampleis
$855.43. The calculated average cost of transfusing each unit of allogeneic packed red cells
is approximately $765.49 in cases of TKA and $2609.44 in cases of THA.

A sensitivity analysis was then performed by varying the number of units salvaged by the
OrthoPat system, which tranglated into varying the number of therapeutic equivalent units of
allogeneic PRBCs (Table 3). In TKA patients, as the number of units salvaged decreased,
the average unit cost approached and then exceeded that of allogeneic blood when salvaged
volume was decreased by approximately 2.7 percent. Conversely, as the volume collected
using OrthoPat is increased, the average unit cost of post-operatively salvaged cells
decreased disproportionately faster than the decrease in the average unit cost of alogeneic
cells. In THA, when the number of units salvaged by Orthopat is increased or decreased by
5%, the average unit cost of allogeneic blood exceeded that of washed post-operatively
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salvaged blood. In both TKA and THA patients, the reinfusion of unwashed cell salvage
remained the least costly option.

DISCUSSION

Although previous studies have suggested that cell salvage may represent a cost-effective
alternative to allogeneic blood transfusion, we had anticipated that the current utilization of
the OrthoPat represented the most costly post-operative blood management strategy.
However, our cost comparison suggests that while it is more costly than transfusing
unwashed shed blood, it is substantially less costly than allogeneic transfusion in the subset
of patients undergoing THA. In the subset of patients undergoing TKA, OrthoPat usage
carries a cost that is comparable to the cost of allogeneic blood transfusion within a narrow
range of units salvaged and reinfused.

OrthoPat utilization creates a cost savings of approximately $6.69 per unit when compared
with allogeneic transfusion in TKA at current salvage and reinfusion rates. With regard to
THA, the cost savings are much more substantial at $782.03 per unit. Autologous
transfusion of unwashed shed blood from wound drainage represented the most cost-
effective method of peri-operative blood management. When compared to allogeneic
transfusion, the reinfusion of unwashed shed blood represented a cost savings of $290.54 per
unitin TKA and $1442.03 per unit in THA. When compared to using the OrthoPat system,
transfusion of unwashed shed blood created a cost savings of $283.85 per unit in TKA and
$660 per unit in THA. The latter savings figures essentially amount to the cost associated
with washing salvaged cells (Table 2).

At first glance, these savings figures suggest that the institution should adjust its blood
management strategy from utilizing the OrthoPat to a device that collects, filters, and
reinfuses unwashed shed blood. However, cost containment must be considered within the
context of patient care and outcomes as well as the frequency and potential costs of
complications associated with both allogeneic and salvaged products (Tables 4-6).

Allogeneic transfusion carries the advantage of delivering a consistent hematocrit. However,
variability in supply, concerns with regard to disease transmission, and well-described
complications - including incompatibility reactions, increased risk of post-operative
infections, and concerns for acute lung injury and volume overload - have tempered
clinician and patient enthusiasm for allogeneic transfusion (Table 4).1:10.20-26 M any of these
considerations have made autologous transfusion a more attractive alternative.

Reinfusion of unwashed cells is the |east expensive of the modalities discussed and iswidely
utilized; over 2,500 salvaged but unprocessed procedures are performed annually in our
health system alone. This modality decreases allogeneic exposurel? and mitigates concerns
regarding overcollection, storage, and incompatibility reactions.1% However, disadvantages
include concerns of dilution of the salvaged product,?’ restrictions on quantity and duration
of transfusion, febrile reactions,28:29 and contamination by microbes or fat droplets.19 As
with allogeneic transfusions, complications associated with the use of unwashed drainage
have the potential to wield significant complications (Table 5).

Reinfusion of washed post-operatively salvaged blood using the OrthoPat device has many
of the same advantages as unwashed shed blood, including a similar decrease in the rate of
alogeneic transfusion, specifically in orthopedic procedures.12 Additionally, the washing
process appears to decrease many contaminants found in unwashed salvaged cells and
provides a more consistent hematocrit. Previous studies have also demonstrated higher
erythrocyte viability in washed cell salvage as compared to allogeneic blood.3931 Concerns
associated with the use of this modality include logistics associated with implementation,
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training of personnel, and cost,1” as well as rare complications such as air embolism,
hemolysis, bacterial contamination, and coagulopathy (Table 6). 931

Interpreting the results of our cost comparison study requires several other considerations.
First, we focused our analysis on identifiable direct costs associated with each modality.
There are amultitude of indirect costs associated with allogeneic transfusion, as outlined by
the Cost-of-Blood Consensus Working Group (COBCON),32 that were difficult to assign
and quantify at our institution. Many of these indirect costs relate to autologous transfusion
techniques as well. These costs include administrative (administrative meetings, nursing
meetings, equipment inservice costs), electricity, and equipment storage costs.

Second, with regard to THA, the mgjority of blood loss generally occursin theintra-
operative period, in direct contrast to TKA.1415 |t is possible that patients undergoing THA
receive allogeneic transfusion intra- operatively, mitigating the need for post-operative
transfusion. Further, the majority of THA patientsin our study sample who received post-
operatively salvaged blood received 1 unit or less, thus calling into question the medical
necessity of the transfusion. Therefore, there may actually be an overall cost benefit to
discontinuing the use of OrthoPat in patients undergoing total hip arthroplasty.

Further, with regard to the medical necessity of post-operative transfusion, specifically in
cases where patients received 1 unit or less of post-operatively salvaged cells, transfusion
triggers must be considered. UPMC-SMH has adopted a system-wide transfusion protocol
based upon hemoglobin thresholds and patient co-morbidities. Frequently, however,
transfusion is dependent upon clinician preferences and the rigidity with which thresholds
were followed is not always clear. Patients may have received both allogeneic and

autol ogous transfusions based upon clinician judgment and not based upon the transfusion
protocol.

Additionally, our study considered each of these blood management strategiesin relative
isolation in the post-operative period. Our analysis did not specifically incorporate the
financial impact of supplementation of OrthoPat usage with breakthrough allogeneic
transfusion. Given the structure of our comparison, supplemental transfusion would have
resulted in largely constant costs for each of the three blood management strategies
evaluated. While not specifically captured in our de-identified dataset, internal review of
blood utilization in orthopedic procedures at our institution reveals that annually,
approximately 36.7% of patients undergoing THA receive alogeneic transfusion with an
average of 1.4 unitstransfused per case. In TKA procedures, 19.2% of patients receive
allogeneic transfusion, with an average of 1.6 units transfused per case.

Previous studies have considered the possible costs associated with the potential
complications of both allogeneic and autologous transfusion.33. However, these costs were
not included in our analysis due to discrepancies in the nature and actual incidence of those
complications. Additionally, the suggested incidence of the described complications was
sufficiently low asto render it negligible in the sample size under consideration.

Incorporation of certain practice modifications will also likely affect relative costs between
the modalities. First, more focused use in patients expected to sustain significant post-
operative blood loss, specifically in TKA, may improve the cost effectiveness of OrthoPat
utilization. Second, post-operative vigilance by the nursing staff in collecting drainage
output could potentially improve red cell recovery. As our sensitivity analysis suggests, by
increasing the number of red cell units recovered, the average unit costs of salvaged blood
would decrease further (Table 3). Integration of an available equipment modification -
specificaly the use of a standby system that could be converted to afull setup once a
minimum volume of 400 ccis collected - may aso help to reduce costs. This standby
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system, priced at approximately $100 for our institution, was not part of our practice at the
time of our study. While yielding savingsin terms of equipment cost, the modification
would likely require additional labor costs for monitoring and conversion. Finally,
utilization of other autologous modalities and blood conservation strategies, such as the
incorporation of antifibrinolytic medications, may also aid in cost containment. More
detailed cost-benefit and risk analyses will be required prior to incorporating these
modifications into our practice.

While this cost study has clear implications for peri-operative blood management at UPMC-
SMH, it may have variable applicability to other institutions, primarily due to differencesin
pricing and procurement arrangements and options to outsource this service. As previously
stated, market procurement costs for the OrthoPat devices themselves amount to
approximately $18,500 per device, a cost that our institution sustains as part of the bundled
cost of the disposable equipment. While our pricing arrangement with BioTronics, Inc.
allows for procurement of disposable equipment at a price of $386.10, the price charged by
Haemonetics is highly variable across the country and dependent upon the specifics of the
institution's procurement arrangement. Another source of cost variability between
institutions involves the brand of equipment aswell. Our institution chose the OrthoPat
device based upon its operational suitability in the setting of the nursing floor. Alternative
devices may be more suitable for other institutions. Furthermore, cost-effectiveness will also
be affected by an institution's overall case volume and provider competence with regard to
the efficiency of red cell recovery.

In conclusion, the current post-operative cell salvage practice at UPMC-SMH may represent
aless costly alternative to alogeneic transfusion in TKA procedures within certain volume
parameters. With regard to THA, further investigation is required to determine the medical
necessity for a post-operative cell salvage device in a procedure where the mgjority of blood
loss occurs intra-operatively. Despite the apparent cost advantages to using unwashed
salvaged blood, clinician preference at our institution remains strongly in favor of the
washed salvage option. Prospective cost and outcomes analyses will be required to
determine the optimal post-operative blood management modality from both a clinical and
economic standpoint.
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Figure 1.

Frequency histogram showing the number of units of red cells produced by washed post-
operative cell salvage per surgical procedure based on data from 317 total knee arthroplasty
patients. One unit of packed red blood cells contains 200 mL of red cell mass. Cases with
red cell mass <200 mL was considered to be 0 Units, 200400 mL was 1 Unit, 400-600 mL
was 2 Units, 600-800 mL was 3 units, and 800-1000 mL was 4 units.
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Figure2.

Frequency histogram showing the number of units of red cells produced by washed post-
operative cell salvage per case of total hip arthroplasty on data from 75 patients. One unit of
packed red blood cells contains 200 mL of red cell mass. Cases with red cell mass <200 mL
was considered to be 0 Units, 200400 mL was 1 Unit, 400-600 mL was 2 Units, 600-800
mL was 3 units, and 800-1000 mL was 4 units.
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Criteria for Transfusion of Allogeneic Red Blood Cells

Dosing: 1 unit PRBC increases Hemoglobin by 1 g/dL. Single unit transfusions
recommended.

a. Hemoglobin< 7.5 g/dL or hematocrit <23% in a patient with no medical
complications (NYHA Class I/11).

b. Hemoglobin < 8.5 g/dL or hematocrit < 25% in a patient with
symptomatic anemia and moderate or major organ dysfunction (NYHA Class
[1/1V).

c. Acute bleeding with estimated blood loss > 1000 cc or 20% of estimated
blood volume.

d. Hemoglobin <10.0 g/dL or hematocrit < 30% associated with acute
ischemic cardiovascular disease (angina pectoris, myocardial infarction,
congestive heart failure).

Criteria for Transfusion of Autologous Red Blood Cells

a. All indications for allogeneic (refer to above) are applicable to autologous
transfusion.

Figure 3.
Criteriafor transfusing allogeneic and autologous red blood cells at UPMC-SMH.
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Table 1
Supply Cost OrthoPat Full Setup $375
OrthoPat Collection Line $11.10
Unwashed Shed Blood Setup $105
Sdline (1 liter) $0.99
Intravenous tubing $4.49
Blood (per unit) $156
Alcohol Swab $0.03
Tourniquet $0.33
Butterfly angiocath $0.36
Gauze $0.02
Vacutainer Collection Tube $0.09
Tape $0.02
Labor Cost OrthoPat technician (per hour) $19.50
Phlebotomist (per blood draw) $20
Staff Nurse (per hour) $42
Orthopedic surgeon (per hour) $212.71
Laboratory Technician (per hour)  $18.54
Blood Bank Technician (per hour)  $19
Blood Bank Aide (per hour) $9.50
Laboratory Cost Complete Blood Count (CBC) $15
Type and Crossmatch $205
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Table 2
TKA THA
Salvaged Autologous Transfusion
OrthoPat | # of Units Salvaged (Total) 301.3 29.1
Average # of Units Salvaged per case 0.95 0.39
Median # of Units Salvaged per Case 0.84 0.375
Average Unit Cost $758.80 $1827.41
Fixed Cost per Unit $683.53 (90.1%) | $1674.42 (91.6%)
Variable Cost per Unit $75.27 (9.9%) $152.99 (8.4%)
Unwashed Shed Blood | # of Units Salvaged (Total) 301.3 29.1
Average # of Units Salvaged per case 0.95 0.39
Median # of Units Salvaged per case 0.84 0.375
Average Unit Cost $474.95 $1167.41
Fixed Cost per Unit $389.36 (82%) | $953.80 (81.7%)
Variable Cost per Unit $85.59 (18%) | $213.61(18.3%)
Allogencic Transfusion
# of Therapeutic Equivalents (Total) 195 10
Average # of Units per case 0.62 0.13
Median # of Units per case 0 0
Average Unit Cost $765.49 $2609.44
Fixed Cost per Unit $510.29 (66.7%) | $2354.24 (90.2%)
Variable Cost per Unit $255.20 (33.3%) $255.20 (9.8%)
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Complication

Incidence

Estimated Cost

Post-operative bacterial infection

4.6%—15.3% 2

Up to $12,980+ depending upon severity 33

Transfusion associated circulatory overload (TACO) 1-8%1 Variable depending upon severity
Deep vein thrombosis (DVT) 2% 1 $17,114 34 - $17,512 35
Allergic Transfusion Reaction 1-3% 36 Variable depending upon severity

Increased Length of Hospital Stay !

1.3% per unit of RBCs
transfused 23

$1,000 —$1,500 per unit transfused 37

Transfusion-related Acute Lung Injury (TRALI)

0.02% 24-1.3% %

Variable depending upon severity

Febrile Non-Hemolytic Transfusion Reactions 0.02% 26 $8602 but variable depending upon severity?®
Mistransfusion/Acute Hemolytic Transfusion Reaction 0.007% 38 $5125 39 but variable depending upon severity
HIV/Hepatitis Transmission 0.00019% 40 $117,000 — $119,000 lifetime cost 41
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Table 5
Complication Incidence Estimated Cost
Febrile reactions 2-22% depending upon timing of collection in Up to $5,125+ 44,39
relation to surgery 284243
Infection 2-4% % $2,836 6 — $35,000 depending upon severity and
sequelag 39 4447
Contamination by fat May be as high as 100% 8 27 Variable depending upon degree of severity and sequelae
droplets
Immunomodulation May be as high as 100% 8 Variable depending upon degree of severity and sequelae

Air embolism Fatal: 0.003% 38 Variable, depending upon degree of severity and sequelae
Subclinical: variable

Hypotension 12.5% 28 Up to $12,302 47 depending upon severity and etiology

Coagul opathy 0-3.84% 27 Variable depending upon severity, treatment, and

Dependent upon volume transfused — no
consistently reported coagulopathy with infusion
of 10-15% of blood volume 42

sequelae
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Table 6
Complication Incidence Estimated Cost
Febrile reactions Rare, but incidence not consistently Up to $5,125+ 3944

reported in the literature®

Infection

20449

$2,836 46 — $35,000 depending upon severity and
Sequelag 394447

Contamination by fat droplets/bacteria

Significant reduction in contamination as
compared to unwashed cell salvage®©5t

Variable depending upon degree of severity and
sequel ae

Air embolism

0.003%%8

Variable, depending upon degree of severity and
sequelae

Coagulopathy/'salvaged cell syndrome'

Described in case reports 5253

Variable depending upon severity, treatment, and
sequel ae
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