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ABSTRACT

Background: The maximum surgical blood order schedule
(MSBOS) is used to determine preoperative blood orders for
specific surgical procedures. Because the list was developed
in the late 1970s, many new surgical procedures have been
introduced and others improved upon, making the original
MSBOS obsolete. The authors describe methods to create an
updated, institution-specific MSBOS to guide preoperative
blood ordering.

Methods: Blood utilization data for 53,526 patients under-
going 1,632 different surgical procedures were gathered
from an anesthesia information management system. A novel
algorithm based on previously defined criteria was used to
create an MSBOS for each surgical specialty. The economic
implications were calculated based on the number of blood
orders placed, but not indicated, according to the MSBOS.
Results: Among 27,825 surgical cases that did not require
preoperative blood orders as determined by the MSBOS,
9,099 (32.7%) had a type and screen, and 2,643 (9.5%)
had a crossmatch ordered. Of 4,644 cases determined to
require only a type and screen, 1,509 (32.5%) had a type
and crossmatch ordered. By using the MSBOS to eliminate
unnecessary blood orders, the authors calculated a potential
reduction in hospital charges and actual costs of $211,448
and $43,135 per year, respectively, or $8.89 and $1.81 per
surgical patient, respectively.

Conclusions: An institution-specific MSBOS can be created,
using blood utilization data extracted from an anesthesia
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What We Already Know about This Topic

e Blood orders for various operations are not based on current
use and are rarely institution-specific

What This Article Tells Us That Is New

* The investigators developed a system to create an institution-
specific maximum surgical blood order schedule from elec-
tronic medical record data

Institutions can use this system to develop specific data-
driven protocols for ordering blood for various procedures
Blood orders based on institution-specific data will presumably
reduce unnecessary blood preparation and its associated cost

information management system along with our proposed
algorithm. Using these methods to optimize the process of
preoperative blood ordering can potentially improve operating
room efficiency, increase patient safety, and decrease costs.

HE decision to order blood typing and red cell antibody

screening (T/S) or a type and crossmatch (T/C) before
surgery can be controversial, especially for cases with a low
or intermediate likelihood of transfusion. Several variables
must be considered when making this decision, including the
anticipated blood loss for a given procedure, the preoperative
hemoglobin concentration, and the relative risk of transfusing
emergency-release type-O blood during unexpected hemor-
rhage when preoperative T/S or T/C are unavailable. Previous
investigations have led to proposed blood ordering protocols,
but often, these protocols are designed for a single type of
surgical procedure.'” Ideally, a blood order algorithm could
be developed, which would cover most types of procedure.
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A recommended maximum surgical blood order schedule
(MSBOS) for common surgical procedures was published
more than 30 yr ago by Freidman,® but many new proce-
dures have since been introduced, and surgical techniques
have evolved such that blood loss is now less common. Ide-
ally, blood ordering protocols should be based on institution-
specific, recent historical blood utilization data, which can
be difficult to obtain. We have previously described methods
for collecting such data with an anesthesia information man-
agement system (AIMS),” and two recent publications by
Cheng et al.!° and Dexter et al.' have proposed using AIMS-
acquired data to guide preoperative blood ordering based on
specific criteria. However, neither of these studies developed
an MSBOS based on their recommended criteria, nor did
they define criteria specific enough to create an MSBOS.

The purpose of the current study was to create an insti-
tution-specific MSBOS by using AIMS-acquired data along
with a blood order algorithm. In addition, we sought to
identify specific low—blood-loss procedures, for which we
could eliminate blood orders, and thereby substantially
reduce costs.

Materials and Methods

After receiving Institutional Review Board approval (The
Johns Hopkins Medical Institutions, Baltimore, Maryland),
we extracted and analyzed data from our institution’s AIMS
(Metavision; iMdSoft, Needham, MA) to assess transfusion
requirements and preoperative blood orders. We collected
data from a 27-month period (January, 2010—March, 2012)
that included 76,106 patients having 1,909 types of surgi-
cal procedures. A detailed account of our methods for data
extraction from the AIMS system, as well as data validation,
have been described previously.’

We excluded 22,586 cases, in which patients were under
18 yr old or had ophthalmic surgery, leaving 53,526 surgical
patients having 1,632 types of surgical procedures for the
analysis. We excluded pediatric patients because in children,
blood is often transfused according to body mass (ml/kg)
and is not measured in units transfused. Therefore, transfu-
sion data from adults and children are not comparable. Oph-
thalmic surgery was excluded because these patients never
receive blood transfusions.

Each surgical procedure was then grouped into one of
135 different procedure categories determined by surgi-
cal subspecialty and relevant anatomical operative site. For
patients having combined procedures, the primary posted
procedure was used for categorization purposes. For the pur-
poses of grouping procedures into categories, we considered
the percentage of patients transfused for procedures that
could potentially fall under more than one category. Pro-
cedures with similar transfusion rates (+5%) were grouped
together; otherwise a new procedure category was created.
Two investigators (Drs. Frank and Rothschild) carried out
the grouping process. Details of category assignments for
every procedure, for each of the nine surgical services, can be
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accessed electronically (see Supplemental Digital Content 1,
heep://links.Iww.com/ALN/A924, which is a table outlining
the categorization of all surgical procedures).

For each procedure category, we analyzed the following
variables: number of patients transfused with erythrocytes;
number of units of erythrocytes transfused; median estimated
blood loss (EBL); and transfusion index>!? (total number
of erythrocyte units transfused divided by the total number
of patients having a particular procedure). The number of
patients who had a preoperative T/S and/or T/C ordered was
also recorded. The T/C—to—transfusion ratio was calculated
as the number of patients who had a T/C ordered, divided
by the number of patients who were transfused with eryth-
rocytes. The T/S—to—transfusion ratio was calculated as the
number of patients who had a T/S or T/C ordered, divided
by the number of patients who were transfused with eryth-
rocytes. We used this definition because every T/C includes
a'T/S as well.

Using previously proposed criteria, we developed an
algorithm (fig. 1) to determine the appropriate preopera-
tive blood order for each procedure category. These criteria
included: 5% or more of patients transfused with erythro-
cytes;!1314 median EBL more than 50 ml;!! and a transfu-
sion index 0.3 or more.”” An additional parameter, which
we called “risk of major bleeding,” was assigned to each pro-
cedure category as either “yes” or “no” for the purposes of
the algorithm. This risk was determined by consensus among
the investigators after discussion with surgeons by consider-
ing the proximity of surgery to large blood vessels, and thus,
the potential for major surgical bleeding. A detailed descrip-
tion of the computer code used to create and execute this
algorithm can be accessed electronically (see Supplemental
Digital Content 2, htep://links.Iww.com/ALN/A925, which
outlines the specific computer code used in the algorithm).

The three primary blood orders determined by the
algorithm were “no T/S or T/C”, “T/S”, and “T/C”. The
minimum number of T/C units was two (2 U). If four or more
units of erythrocytes were transfused in more than 10% of
patients, then the recommendation was a T/C for four units
(4U), and for the category of procedures considered to be
“major vascular or transplant,” the recommendation was a T/C
of six to 15 units (6-15U). For example, this category included
liver transplants and thoracoabdominal aortic aneurysms.

The value for EBL was missing for 53% of cases in the
anesthesia record. For these cases, a value of zero was assumed,
as described and justified by Dexter et al.'! These investiga-
tors explain in detail that this method is valid because most
cases with missing values are those in which blood loss was
minimal and transfusion did not occur. Because AIMSs do
not allow text entries in a numeric field (e.g., minimal), most
providers choose not to enter a value when blood loss is very
low. Furthermore, because EBL is known to be a somewhat
unreliable measurement,'® we included the parameters trans-
fusion index and percentage of patients transfused in the
algorithm. EBL is not routinely measured in cardiac surgery
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Fig. 1. The algorithm used to derive the maximum surgical
blood order schedule. The thresholds in the algorithm for
percentage of patients transfused, median estimated blood
loss (EBL), and transfusion index (mean number erythrocyte
units transfused per patient) are derived from previous stud-
ies.1:13-15 “Risk of major bleeding” was determined to be
“yes” or “no” for each surgical procedure category based on
the proximity of the surgical field to large vascular structures.
RBC = erythrocytes; U = units.

cases, and all patients who undergo cardiac surgery are at
risk for major bleeding. Therefore, we omitted EBL in the
analysis and assigned all cardiac surgery procedures, except
for automatic implantable cardiac defibrillator/pacemaker
placement, to the T/C group, according to the algorithm
(Aig. 1).

We compared the T/C—to—transfusion ratio and the
T/S—to—transfusion ratio among the nine surgical services
to identify services with the highest rates of overordering.
We also performed an analysis to calculate the reduction
in hospital charges, as well as actual cost savings that could
be achieved by eliminating all T/S and T/C tests that were
ordered at our institution for patients having procedures
determined by the algorithm to be in the “no T/S or T/C”
category, and by eliminating any T/C tests that were ordered
for cases assigned to the “T/S” category. We used the current
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laboratory charge at our institution for T/S and T/C, which
were $37 and $52, respectively. Actual costs for these tests,
taking into account reagents, technician time, laboratory
equipment maintenance, and depreciation were calculated
to be $7.56 and $10.61 for each T/S and T/C, respectively.
Hospital charge and actual cost reductions were proportion-
ally adjusted for the 27-month period of data collection, to
determine these values in U.S. dollars per year. The two-
tailed hypothesis tested was that blood ordering guided by
the MSBOS would have a financial impact as measured by
patient charges and actual costs.

Statistical Analysis

All data were processed and analyzed with the software pro-
grams Excel, v. 14.1.0 (Microsoft Inc., Redmond, WA) and
JMP, v. 9.0.0 (SAS Institute, Cary, NC). Comparisons were
made by ANOVA and chi-square tests where appropriate.
Nonparametric data were compared by the Kruskal-Wallis
test. The blood order algorithm was constructed using JMP.
Data are given as mean + SD or median (interquartile range)
as appropriate. P value less than 0.05 defined significance.

Results

The 135 categories of surgical procedures were assigned to
one of five blood order groups, according to the algorithm
outlined in figure 1, and the results of these assignments are
shown in table 1. Fifty two percent of patients had surgical
procedures that met criteria for the “no T/S or T/C” recom-
mendation, 8.7% had procedures that met criteria for the
“T/S” recommendation, 33.9% had procedures that met
criteria for the “T/C 2U” recommendation, 5.2% had pro-
cedures that met criteria for the “T/C 4U” recommendation,
and 0.2% had procedures that met criteria for the “T/C
6-15U” recommendation. The percentage of patients trans-
fused, median EBL, and transfusion index were all greater in
the “T/C” groups than in the “T/S” group, and greater in the
“T/S” group than in the “no T/S or T/C” group (P < 0.01

for all differences among the groups for these parameters).

Table 1. Comparison of Blood Order Recommendation Categories

Blood Order Transfusion Index

Recommendation No. of % (Erythrocyte Units/ % %
Category Patients (%) Transfused* Median EBL (ml)t Patient)t T/S§* T/C§*
No T/S or T/C 27,825 (52.0%) 1.2% 0 (0-10) 0.03+0.04 32.7 9.5
T/S 4,644 (8.7%) 5.8% 100 (50-150) 0.12+0.1 49.7 32.5
T/C2U 18,123 (33.9%) 15.9% 125 (50-275) 0.39+0.32 31.4 54.1
T/C4U 2,814 (5.2%) 53.9% 650 (500-1,325) 2.6+1.78 7.2 87.4
T/C6-15U 120 (0.2%) 86.2% 3,000 (900-4,500) 6.3+0.99 4.0 92.6

The five blood order recommendation categories are compared to illustrate differences among groups. Transfusion index = total number

of erythrocyte units transfused divided by total number of patients.

* P < 0.001 for differences among blood order categories by chi-square test. T Data given as median (interquartile range), P < 0.01
for differences among blood order categories by Kruskal-Wallis. 3 P < 0.01 for differences among blood order categories by ANOVA.
§ The percentage of cases for which these tests were actually ordered.

EBL = estimated blood loss; T/C = type and crossmatch; T/S = type and screen; U = units.
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Of 27,825 patients who were determined as not requiring
any blood orders, 9,099 (32.7%) had a T/S ordered, and
2,643 (9.5%) had a T/C ordered (table 1). Of 4,644 patients
that were determined to need a T/S only, 1,509 (32.5%) had
aT/C ordered.

The 135 categories of surgical procedures and the
associated blood order recommendations, along with
detailed transfusion data, are shown in appendix 1, tables
2-10. Each of these tables represents the MSBOS for a
particular surgical service. Surgical procedures that were
noted to have extremely low transfusion rates and very high
T/C-and T/S—to—transfusion ratios were: breast procedures,
thyroid/parathyroid procedures, cerebrospinal fluid shunt
procedures, cystoscopy/ureter/urethral procedures, robotic
prostate/kidney/adrenal procedures, robotic or laparoscopic
uterus/ovary procedures, open shoulder procedures, and
peripheral nerve procedures.

We compared the T/S—to-transfusion ratios and the
T/C~to—transfusion ratios among the nine surgical services
(fig. 2). The services with the highest ratios were those that
potentially had the greatest number of unnecessary preop-
erative blood orders. All surgical services, except for cardiac
and vascular/transplant, had T/C—to—transfusion ratios of 3
or greater. A ratio of 2 has been proposed as optimal.*!”

The economic implications of following the recom-
mended blood orders are shown in figure 3. The greatest
potential savings would be realized by the general surgery,
otolaryngology, neurosurgery, and urology services. By using
the MSBOS to eliminate unnecessary blood orders, we cal-
culated a potential reduction in hospital charges and actual
costs of $211,448 and $43,135 per year, respectively. When
calculated for all surgical patients as the denominator, this
change in practice would reduce hospital charges and actual
costs by $8.89 and $1.81 per patient, respectively.

A summary of the recommended preoperative blood
orders for each surgical procedure category organized

Otolaryngology

—_—
Orthopedics
Urology e
General
Thoracic r W T/5:Tx ratio
Gynecologic [ T/C:Tx ratio
Neurosurgery L
Vascular/Transplant S
Cardiac

o
~
&
o

g8 10 12 14 16 18
Ratio

Fig. 2. The type-and-crossmatch-to-transfusion ratio and
type-and-screen-to-transfusion ratio were compared among
surgical services. The likelihood that blood would be ordered
but never transfused was assessed according to these ratios,
and compared between services. An ideal type-and-cross-
match-to-transfusion ratio has been described as 2:1.3417
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by surgical service, is shown in appendix 2 (fig. 4). These
recommendations are derived from data in appendix 1, tables
2-10, and represents our institution-specific surgical blood
order schedule, which has been implemented into practice.

Discussion

Using AIMS-acquired data, we were able to collect detailed
information on transfusion requirements for a large num-
ber of surgical procedures, while taking into account insti-
tution-specific factors. Before the adoption of the current
AIMS at our institution, the development of an MSBOS
based on detailed and accurate blood utilization data would
have been prohibitive. However, with the AIMS, we were
able to apply an algorithm based on previously published
parameters®!' 13715 to create an institution-specific MSBOS.
We then were able to identify specific procedures with very
low transfusion rates, for which preoperative blood orders
for T/S and T/C were considered unnecessary. If these blood
orders were eliminated, significant reduction in charges and
costs would be achieved. In addition, it is likely that fol-
lowing the MSBOS recommendations would improve oper-
ating room efficiency and patient safety because the blood
bank staff often faces the challenge to process multiple
blood samples simultaneously on the day of surgery. As a
result, the start of cases can be delayed,'® and/or surgical
cases begin without blood available,'® a practice which is
contrary to the Joint Commission (JCAHO) recommended
guidelines.'” Furthermore, patients who truly require blood
readily available would also benefit from MSBOS-guided
blood ordering.

Creating an MSBOS is much more complex than it was
three decades ago. Procedures now have many more varia-
tions, often with differing bleeding risks and transfusion

General

Otolaryngology

Neurosurgery

Urology
Orthopedics
Gynecologic -_ ® Actual Costs
Vascular/Transplant | sy “ Hospital Charges
Thoracic '-

Cardiac

$10,000 520,000 530,000 $40,000 $50,000 560,000

“w
o

Potential Savings / Year (US Dollars)

Fig. 3. The nine surgical services were compared regarding
potential hospital charges and actual cost savings per year,
if nonindicated, blood orders were eliminated. The total re-
duction in hospital charges for all surgical services combined
would be $211,448 per year, and the reduction in actual costs
to perform these tests would be $43,135 per year.
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requirements. The complexity of creating a modern, universal
MSBOS list is evident when one considers that 1,909 differ-
ent surgical procedures were performed at our institution in
the past 3 yr, in contrast to the 63 procedures from Friedman
1979 MSBOS list.® The original MSBOS was released before
the advent of laparoscopic and robotic techniques, which as
shown by our data, are clearly associated with lower transfu-
sion requirements than traditional surgical techniques. The
increased use of cell salvage, hemostatic agents, and new meth-
ods of cautery for certain procedures has also decreased trans-
fusion requirements.?*?! Although the original MSBOS was
derived by collecting transfusion data from multiple institu-
tions,® our opinion is that blood ordering decisions should be
institution-specific, procedure-specific, and perhaps even sur-
geon-specific, all of which are possible using AIMS-acquired
data.

Dexter ezal.'' and Cheng et al.'® have recently described using
AIMS-acquired data to guide the process of preoperative blood
ordering. However, our methods differ from theirs. In their “let-
ter to the editor”, Cheng et a/. used the transfusion index (average
number of erythrocyte units transfused per patient) as the sole
criterion for determining whether a procedure warrants a T/C.
If the transfusion index was 0.5 or more, they recommended a
T/C, and if not, they recommended a T/S. Using these crite-
ria, even procedures that are rarely or never transfused would
have unnecessary T/S tests ordered. In the study by Dexter ez
al.,"! two parameters were used to determine whether a T/S was
necessary—median EBL and percentage of patients transfused.
EBL is known to be relatively inaccurate,'®?? but was one of the
primary determinates in their study. Our algorithm is based on a
greater number of measured parameters and includes indications
not just for T/S, but for T/C as well.

On the basis of MSBOS recommendations, we found
that a substantial number of preoperative blood orders were
unnecessary. One explanation for the overordering of blood
products for surgery is that many providers are unfamiliar
with certain procedures and the associated blood require-
ments. Another reason for overordering may be that multiple
providers are allowed to order blood (surgeons, anesthesia
providers, and advance practice nurses). If any one of these
individuals ascribes to the “better-safe-than-sorry” approach,
it is likely that blood will be ordered unnecessarily. An esti-
mated reduction in hospital charges of over $200,000 per
year at our institution would be achieved if unnecessary
blood orders were eliminated. Because the actual costs of
performing these tests are known to differ from hospital
charges,?® we calculated the true cost savings that could be
recognized, which was approximately 20% of the hospital
charges.

Another indication of excessive blood ordering is the
T/C~to—transfusion ratio. The ideal ratio has been described
as 2:1,>*!7 and a ratio above this is thought to represent
excessive blood ordering. In our institution, only the cardiac
surgery service was close to the ideal ratio, and the ratios
for the other services were between 3:1 and 5:1. In addition
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to this ratio, we assessed the T/S—to—transfusion ratio,
which has not been previously reported. When considering
unnecessary blood orders, we believe this ratio is also use-
ful for estimating utilization of blood bank resources. These
ratios can also be used to modify subsequent releases of the
MSBOS as surgical procedures are refined and changes in
transfusion rates are recognized. Another advantage of
using AIMS-acquired data is the ability to compare surgical
services, or even individual medical providers, to deter-
mine where efforts should be focused to reduce excessive
blood orders.

An issue that is rarely discussed is the relative safety of using
emergency-release type-O blood as a backup plan when unex-
pected bleeding is encountered and no blood products are avail-
able. The risk of a major, acute, ABO group hemolytic reaction
should be zero, barring clerical error and the wrong unit being
given (which would be the same risk as for crossmatched
units).>*?> Dutton et al.%° reported no acute hemolytic reac-
tions in 161 patients given 581 units of uncrossmatched, type-
O erythrocytes. The risk of a delayed, slower onset reaction
has been described as one in 1,000 units of emergency-release
blood.?” This type of reaction is usually mild, slower in onset
(4-21 days), associated with a mild increase in bilirubin, and
often goes undetected. Thus, if a given case (thyroidectomy for
example) has a two in 1,000 chance of transfusion, the calcu-
lated risk of a mild delayed reaction would be approximately
two in a million (2:1,000x 1:1,000) in the typical patient pre-
senting for this procedure without blood orders.

Patient blood management has seen an increased level of
attention in the past few years.?®3% Although much focus
has been on reducing the incidence of unnecessary trans-
fusion, reducing unnecessary preoperative blood orders is
also part of the effort to conserve blood. Blood management
encompasses allocating resources appropriately and decreas-
ing the unnecessary use of those resources. Using AIMS-
acquired data to create an institution-specific MSBOS is an
example of patient blood management, which we believe
should be incorporated into a hospital’s blood management
program. The utility of AIMS-acquired data for guiding a
blood management program has also been described in our
previous study, where providers were compared with their
peers in terms of blood utilization and hemoglobin trans-
fusion triggers, an exercise that has proven useful in our
institution.’

One factor not accounted for in our algorithm is the
preoperative hemoglobin concentration. Previous studies
have accounted for preoperative hemoglobin, when describ-
ing surgical blood order equations’” and other transfusion
predictors,>>!* which are used to determine the need for
T/C. Hemoglobin concentration should be considered, and
our MSBOS can be modified for patients with anemia. Ide-
ally, multiple factors should be considered when ordering
blood—the preoperative hemoglobin, the planned surgical
procedure, and medical need to transfuse based on coexist-
ing conditions, such as cardiovascular disease.
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Our study has certain limitations that should be rec-
ognized. First, some common surgical procedures are
infrequently performed in our hospital because they are per-
formed at an affiliated hospital where an AIMS is not used.
Hip and knee arthroplasty, both primary and revision, are
such procedures that are underrepresented in our database.
Most physicians, however, would agree that these orthope-
dic procedures do require a T/C, except for perhaps the pri-
mary total knee arthroplasty, which our algorithm assigned
to the T/S category. Second, the blood order algorithm is
based solely on intraoperative transfusion requirements and
does not account for postoperative transfusions. Certain
procedures (hip arthroplasty and muldlevel lumbar spine
fusions) are associated with significant postoperative blood
loss that would justify the T/C, despite the intraoperative
blood requirements. Because these types of cases were deter-
mined as requiring a T/C, the results would be unchanged,
if we accounted for postoperative bleeding. Lastly, we report
data from only one institution, which may or may not repre-
sent blood requirements in other institutions. However, any
center with an AIMS could use our algorithm to create an
institution-specific MSBOS, similar to ours in appendix 2,
figure 4.

In conclusion, we have shown that an MSBOS cre-
ated with AIMS-acquired data can be used to optimize the
process of preoperative blood ordering. As a result of this
analysis, we plan to implement preoperative blood order-
ing protocols that eliminate or decrease unnecessary blood
orders. In addition, these protocols should reduce the num-
ber of cases with missing blood orders, when these orders
are truly indicated. Implementing the algorithm and the
MSBOS that we have described offers the potential to
improve operating room efficiency, enhance patient safety,
and reduce costs.
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An MSBOS list was generated for each surgical specialty

service, and recommendations were given for preoperative
blood orders for each category of surgical procedure.

Table 2. Cardiac Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index Risk of T/Cto T/Sto
% Median (Erythrocyte  Major Tx Tx
Case Category Recommendation n Transfused EBL Units/Patient) Bleeding Ratio Ratio
Heart or lung transplant T/C4U 81 81.5 NM 4.3 Yes 1.2 1.2
Minimally invasive valve T/C4U 108 37.0 NM 1.29 Yes 25 2.6
Revision sternotomy T/C4U 83 67.5 NM 3.46 Yes 1.4 1.5
CABG/valve T/C4U 99 60.6 NM 2 Yes 1.5 1.6
Open heart surgery T/C4U 581 42.7 NM 1.3 Yes 2.0 2.2
Assist device T/C4U 123 48.0 NM 2.21 Yes 1.7 1.9
Cardiac/major vascular T/C4U 334 44.3 NM 2.87 Yes 1.8 2.0
Open ventricle T/C4U 7 42.9 NM 1.14 Yes 2.0 2.0
CABG T/C2U 744 43.0 NM 1.05 Yes 2.2 2.2
Cardiac wound surgery T/C2U 313 31.9 NM 0.94 Yes 23 2.8
Percutaneous cardiac T/C2U 136 0.0 NM 0 Yes
Pericardium T/C2U 41 22.0 NM 0.46 Yes 3.6 4.1
Lead extraction T/C2U 101 5.9 NM 0.14 Yes 12.1 13.7
AICD/pacemaker placement T/S 58 10.3 NM 0.31 No 6.0 8.7

Transfusion index = Total number of erythrocyte units transfused divided by total number of patients.

AICD = automatic implantable cardiac defibrillator; CABG = coronary artery bypass grafting; EBL = estimated blood loss; NM = not
measured; T/C = type and crossmatch; T/S = type and screen; Tx = transfusion.
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Table 3. General Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion T/C T/S
Index Risk of to to
% Median  (Erythrocyte Major Tx Tx
Case Category Recommendations n Transfused EBL Units/Patient) Bleeding Ratio Ratio
AP resection T/C2U 37 43.2 425 1.13 Yes 1.6 2.1
Intraabdominal Gl T/C2U 3,581 16.7 150 0.483 Yes 3.1 5.1
Whipple or pancreatic T/C2U 851 26.5 470 0.5 Yes 3.9 4.8
Liver resection—major T/C2U 347 121 300 0.55 Yes 7.4 8.0
Retroperitoneal T/C2U 170 11.2 100 0.36 Yes 5.8 8.4
Liver resection—minor T/C2U 41 0.0 50 0 Yes
Substernal T/C2U 51 0.0 0 0 Yes
Bone marrow harvest T/S 275 4.4 900 0.065 No 14.3 20.6
Appendectomy No T/S or T/C 130 0.8 0 0.015 No 9.0 83.0
Abdomen/chest/ No T/Sor T/C 836 2.2 0 0.042 No 4.9 19.6
extremity superficial
Laparoscopic or open No T/S or T/C 519 1.3 10 0.016 No 7.9 51.7
cholecystectomy
Thyroid/parathyroid NoT/SorT/C 1,605 0.2 0 0.002 No 16.3 226.7
Central venous access No T/S or T/C 22 0.0 0 0 No
Breast procedure No T/SorT/C 2,627 0.4 50 0.007 No 5.9 66.5

Transfusion index = Total number of erythrocyte units transfused divided by total number of patients.
AP = abdominal peritoneal; EBL = estimated blood loss; Gl = gastrointestinal; T/C = type and crossmatch; T/S = type and screen;

Tx = transfusion.

Table 4. Gynecologic Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index Risk T/C T/S

% Median  (Erythrocyte  of Major toTx toTx
Case Category Recommendation n Transfused EBL Units/Patient) Bleeding Ratio Ratio
Uterus open T/C2U 123 16.5 300 0.32 Yes 2.8 5.7
Open pelvic T/C2U 2,681 9.5 100 0.561 Yes 2.5 4.8
Uterus/ovary T/S 760 1.7 100 0.032 No 11.9 46.0

Laparoscopic/robotic

Total vaginal hysterectomy T/S 17 0.0 75 0 No
Cystectomy robotic-assisted T/S 17 0.0 75 0 No
Cystoscopy NoT/SorT/C 816 2.9 0 0.017 No 46 226
External genitalia NoT/SorT/C 692 1.5 0 0.03 No 42 220
GYN cervix No T/SorT/C 1,146 0.7 0 0.022 No 44 26.9
Hysteroscopy NoT/SorT/C 213 0.0 0 0 No
Superficial wound NoT/SorT/C 105 0.0 0 0.095 No 6.3 111
Transfusion index = Total number of erythrocyte units transfused divided by total number of patients.
GYN = gynecologic; EBL = estimated blood loss; T/C = type and crossmatch; T/S = type and screen; Tx = transfusion.
Anesthesiology 2013; 118:1286-97 1293 Frank et al.
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Table 5. Neurosurgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion
Index
(Erythrocyte Risk of T/C T/S
% Median Units/ Major toTx toTx
Case Category Recommendation n Transfused EBL Patient) Bleeding Ratio Ratio
T/L/S fusion T/C4U 1,087 451 650 1.56 Yes 1.8 2.1
Spine tumor T/C2U 113 7.96 200 0.24 Yes 7.9 12.3
Posterior cervical spine T/C2U 250 18.8 200 0.32 No 3.3 5.1
fusion
Spine l and D T/C2U 93 16.1 100 0.33 Yes 2.3 4.8
Intracranial T/C2U 1,538 7.8 200 0.18 Yes 7.2 11.9
Laminectomy/discectomy T/S 572 10.1 150 0.26 No 4.0 8.8
Spine hardware T/S 61 6.6 75 0.1 No 7.5 13.5
removal/biopsy
ACDF No T/S or T/C 421 1.9 50 0.033 No 16.0 48.0
Extracranial No T/S or T/C 375 3.7 25 0.065 No 5.1 18.9
Nerve procedure No T/SorT/C 1,488 0.27 0 0.006 No 13.8 97.5
CSF/shunt procedure No T/S or T/C 542 0.37 0 0.004 No 20.5 180.0

Transfusion index = total number of erythrocyte units transfused divided by total number of patients.
ACDF = anterior cervical discectomy and fusion; CSF = cerebrospinal fluid; EBL = estimated blood loss; | and D = incision and drainage;

T/C = type and crossmatch; T/L/S = thoracic, lumbar, or sacral; T/S = type and screen; Tx = transfusion.

Table 6. Orthopedic Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index
(Erythrocyte Risk of T/C T/S

% Median Units/ Major toTx to Tx
Case Category Recommendation n  Transfused EBL Patient) Bleeding  Ratio Ratio
Pelvic orthopedic T/C4U 59 32.2 500 1.41 Yes 2.0 2.8
Open hip T/C2U 119 22.7 350 0.487 Yes 2.7 3.9
Femur open T/C2U 202 18.8 200 0.4 Yes 2.4 4.6
Above knee amputation T/C2U 31 25.81 100 0.39 No 1.8 3.4
Humerus open T/S 172 7.56 0 0.13 No 2.6 9.5
Fasciotomy T/S 33 12.1 0 0.21 No 2.0 5.5
Shoulder | and D T/S 24 8.3 60 0.083 No 15 8.0
Tibial/fibular T/S 260 7.7 100 0.13 No 4.4 10.6
Total knee replacement T/S 32 3.1 200 0.16 No 19.0 31.0
Below knee amputation T/S 93 17.2 100 0.24 No 2.8 53
Shoulder open T/S 240 0.42 200 0.008 No 70.0 202.0
Knee open T/S 71 1.41 0 0.056 No 9.0 25.0
Thigh soft tissue NoT/SorT/C 179 2.23 0 0.04 No 4.0 18.5
Ortho external fixation No T/S or T/C 59 1.7 0 0.017 No 5.0 31.0
Peripheral nerve/tendon NoT/SorT/C 244 0.82 0 0.016 No 6.0 395
Lower extremity | and D NoT/SorT/C 187 4.81 0 0.094 No 4.9 14.3
Hip land D No T/S or T/C 24 4.2 0 0.042 No 7.0 17.0
Hand orthopedic NoT/SorT/C 812 0.25 0 0.005 No 3.5 31.0
Upper extremity arthroscopy No T/S or T/C 38 0 0 0 No
Upper extremity open No T/SorT/C 160 1.25 0 0.167 No 8.0 50.0
Foot bone NoT/SorT/C 397 0.5 0 0.005 No 21.5 117.0
Hip closed/percutaneous No T/S or T/C 32 0 10 0 No
Lower extremity arthroscopic NoT/SorT/C 449 0.22 0 0.002 No 3.0 280
Shoulder closed NoT/SorT/C 344 0 0 0 No
Tibial/fibular closed No T/S or T/C 70 2.9 25 0.086 No 8.0 225
Transfusion index = total number of erythrocyte units transfused divided by total number of patients.
EBL = estimated blood loss; | and D = incision and drainage; T/C = type and crossmatch; T/S = type and screen; Tx = transfusion.
Anesthesiology 2013; 118:1286-97 1294 Frank et al.
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Table 7. Otolaryngology: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index
(Erythrocyte  Riskof T/Cto T/Sto
% Median Units/ Major Tx Tx
Case Category Recommend n Transfused EBL Patient) Bleeding  Ratio Ratio
Laryngectomy T/C2U 63 24.6 150 0.4 Yes 2.0 3.6
Facial reconstruction T/C2U 97 20.3 100 0.289 Yes 1.9 3.9
Cranial surgery T/C2U 253 6.4 150 0.146 Yes 5.5 9.5
Radical neck dissection T/C2U 199 4.4 50 0.12 Yes 4.8 17.9
Carotid body tumor T/C2U 8 0.0 200 0 Yes
Mandibular surgery T/S 171 12.6 50 0.23 No 23 6.5
Neck dissection T/S 345 4.3 0 0.3 No 2.2 8.6
Mastoidectomy No T/S or T/C 108 4.5 0 0.12 No 3.0 7.0
Parotidectomy No T/S or T/C 194 3.9 50 0.076 No 3.7 18.3
Facial plastic No T/SorT/C 2,632 2.6 0 0.036 No 3.0 15.2
Oral surgery No T/S or T/C 747 2.1 50 0.032 No 4.6 17.4
Sinus surgery No T/S or T/C 762 0.6 45 0.024 No 41 23.4
Thyroidectomy/ No T/SorT/C 1,605 0.5 0 0.0025 No 15.7 228.3
parathyroidectomy
Suspension laryngoscopy No T/S or T/C 416 0.5 0 0.0072 No 7.0 46.5
Bronchoscopy No T/S or T/C 427 0.0 0 0 No
Cochlear implant No T/S or T/C 282 0.0 0 0 No
EGD No T/S or T/C 316 0.0 0 0.016 No 9.5 48.0
External ear No T/S or T/C 113 0.0 0 0 No
Inner ear No T/S or T/C 186 0.0 0 0 No
Tonsillectomy and No T/S or T/C 173 0.0 0 0 No
adenoidectomy

Tympanomastoid No T/S or T/C 270 0.0 0 0 No

Transfusion index = total number of erythrocyte units transfused divided by total number of patients.

EBL = estimated blood loss; EGD = esophagogastroduodenoscopy; T/C = type and crossmatch; T/S = type and screen; Tx = transfusion.

Table 8. Thoracic Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index
(Erythrocyte Risk of T/C T/S
% Median Units/ Major toTx toTx
Case Category Recommendation n Transfused EBL Patient) Bleeding  Ratio  Ratio
Esophageal open T/C2U 69 13 250 0.298 Yes 6.0 71
Sternal procedure T/C2U 164 23.2 150 0.494 Yes 3.2 3.9
Chest wall T/C2U 70 5.7 100 0.13 Yes 3.8 11.3
Thoracotomy T/C2U 424 11.1 50 0.54 Yes 2.4 6.4
Pectus repair T/C2U 31 0 25 0 Yes
VATS T/S 270 7.04 100 0.155 No 6.7 12.5
Mediastinoscopy T/S 18 5.6 50 0.22 No 4.0 14.0
EGD/FOB NoT/SorT/C 441 23 10 0.052 No 3.6 12.5
Central venous access No T/S or T/C 69 0 5 0 No

Transfusion index = total number of erythrocyte units transfused divided by total number of patients.

EBL = estimated blood loss; EGD/FOB = esophagogastroduodenoscopy or fiberoptic bronchoscopy; T/C = type and crossmatch;
T/S = type and screen; Tx = transfusion; VATS = video-assisted thoracoscopic surgery.
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Table 9. Urology: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion Data

Transfusion

Index
(Erythrocyte Risk of T/C T/S
% Median Units/ Major toTx  toTx

Case Category Recommendation n Transfused EBL Patient) Bleeding Ratio Ratio
Cystoprostatectomy T/C2U 136 27.2 530 0.600 Yes 2.7 35
Urology open T/C2U 1,696 22.6 100 0.790 Yes 2.3 3.8
Nephrectomy T/C2U 117 17.1 300 1.150 Yes 4.4 55
Lap kidney/adrenal T/C2U 766 4.6 50 0.140 Yes 7.6 17.4
RRP T/C2U 1,257 1.7 400 0.027 Yes 33.1 53.2
Robotic RRP/kidney/ T/S 934 0.1 150 0.002 No 431.0 864.0

adrenal
Percutaneous No T/S or T/C 70 2.9 0 0.057 No 25 21.5

nephrolithotomy
External genitalia No T/S or T/C 1,230 1.2 0 0.025 No 3.9 23.9
TURP No T/S or T/C 106 0.9 0 0.009 No 9.0 79.0
Cysto/ureter/urethra  No T/S or T/C 1,811 0.6 0 0.010 No 7.7 56.5
TURBT No T/S or T/C 346 0.0 0 0.000 No

Transfusion index = total number of erythrocyte units transfused divided by total number of patients.

EBL = estimated blood loss; Lap = laparoscopic; RRP = radical retropubic prostatectomy; T/C = type and crossmatch; T/S = type and
screen; TURBT = transurethral bladder tumor resection; TURP = transurethral prostatectomy; Tx = transfusion.

Table 10. Vascular Transplant Surgery: Recommendations for Preoperative Blood Orders and Erythrocyte Transfusion
Data

Transfusion

Index
(Erythrocyte  Risk of T/C T/S
% Median Units/ Major  toTx toTx

Case Category Recommendation n  Transfused EBL Patient) Bleeding Ratio Ratio
Liver transplant T/C15U 92 79.4 1,325 7 Yes 1.2 1.2
Thoracoabdominal aortic T/C15U 28 92.9 5,100 5.6 Yes 1.0 1.0
Maijor liver T/C4U 7 28.6 500 0.86 Yes 3.5 3.5
Major vascular T/C4U 165 55.2 800 2 Yes 1.5 1.7
Exploratory laparotomy T/C4U 80 51.3 200 1.96 Yes 1.6 1.8

vascular
Kidney pancreas transplant T/C2U 15 66.7 900 1.3 Yes 1.2 15
Major endovascular T/C2U 104 31.7 300 0.63 Yes 2.7 3.1
Above/below knee amputation T/C2U 96 20.8 100 0.31 No 2.3 4.4
Nephrectomy/kidney transplant T/C2U 616 18.0 200 0.21 Yes 3.5 5.3
Organ procurement T/C2U 21 4.8 400 0.095 Yes 3.0 10.9
Peripheral vascular T/C2U 158 22.8 200 0.47 No 2.7 4.0
Vascular wound | and D T/C2U 32 18.8 100 0.41 No 25 5.0
Carotid vascular T/S 115 2.6 100 0.09 No 224  36.1
AV fistula T/S 100 6.0 50 0.13 No 3.8 147
Peripheral endovascular NoT/SorT/C 449 29 50 0.07 No 6.0 26.7
Peripheral wound | and D No T/S or T/C 34 2.9 50 0.029 No 71 23.3
First rib resection/thoracic NoT/SorT/C 132 0.0 50 0 No

outlet
Superficial or skin NoT/SorT/C 112 1.8 25 0.15 No 6.4 283
Vascular foot amputation/ NoT/SorT/C 158 1.3 30 0.013 No 7.8 477

debridement
Central venous access No T/S or T/C 3 0.0 10 0 No

Transfusion index = total number of erythrocyte units transfused divided by total number of patients.

AV = arterial-venous; EBL = estimated blood loss; | and D = incision and drainage; T/C = type and crossmatch; T/S = type and screen;
Tx = transfusion.
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Appendix 2
Cardiac Surgery Orthopedic Surgery Urology
Case Category Rec Case Category Rec Case Category Rec
Hearl or lung transplant TiC4u Thoracic/Lumbar/Sacral lusion TiC 4u Cysloprostatectomy Tca
Minimally invasive valve TIC4aU Pebhvic orthopedic TiC4u Urclogy cpen TiIC2u
Revision stemotomy TiC4u Open hip Tic2u Nephrectomy TIC2u
CABG/valve TiC4U Femur open Tic2u Lap/Robotic kidney/adrenal T8
Open heart surgery TIC4U Abovelbelow knee amputation Tic2vu RRP T8
Assist device Ticau Humerus open s
- Jor vesatier TIC 4U Fasciotomy s le nephrolithotomy TS
Open venkicle TIC 4U Shoulder Incision & Drainage s Robotic RRP No Sample
CABG Tic 20 Tibialfibular s External genitala/Penile No Sample
Cardiac wound surgery TIC2V Total knee replacement s TURF No Sample
Percutanecus cardiac Tic2u l:;r.:pm :g Cyslolureteriurethra No Sample
Pericardium Tica2v Thigh soft 1 No Sample TURBT No Sample
Lead extraction TIC2VU Cithio exb fixabion NoS
AlCD/pacemaker placement s Peripheral nerv/tendon No Sample Vascular/Transplant Surgery
G s Lower extremity 18D No Sample Case Category Rec
ia c..mmq urgery -— Hand orthopedic No Sample Liver transplant TIC 15U
AP resection TiC 2u Upper satramity aritwoscopy NoSample | | Tnoracoabdominal aoric TIC 15U
Intra-abdominal GI TIC 2U :"”’ "“""t'“y s :: SS::: Major liver resection TIC 4U
Whipple or pancreatic Tic 2V odistry/Foo o Sample Major vascular TiC 4U
Liver resection TiC 20 Hip Sasipwnitmmeot. : S
Retroparicriost —T Lower extremily arthroscopic No Sample Exploratory lap. vascular
Substernal TiC 2U Shoulder closed No Sample Kidney pancreas transplant TiIC2U
Bone marrow harvest s Tiblalfibular closed Mo Sl Major endovascular Tica2u
- 3 T! " ’
Homla Iv.nmm‘m Ngsfn Otolaryngology Surgery Above/below knee amputation TIC2U
D - and Case Category Rec Nephrectomy/kidney transplant TiC2u
Appendectomy ) No Sample Laryngectomy TIC 2V Organ precurement Tic 2u
Abdomenichesl/sofl tissue No Sample :
Facial reconstruction e Peripheral vascular Tic2u
. of open cholecystectomy No Sample
- FRRE Y it Vascular wound | and D TIC 2U
Thyroid/parathyroid NoSample | | Ragical neck dissection TIC 20
Central venous access No Sample Carotid body tumor TIC 2U Carotid vascular TS
Any Breast - except wiflaps No Sample Mandibular surgery s AV fistula s
Meck dissection TS Peripheral endovascular TS
Gynecological Surge Y
P cluq:ry s A NoSample | | AngioiArteriogram No Sample
Uterus open TiC 20 m*’ :: ::: Peripheral wound 1&D No Sample
Open pelvic Tic 20 i b 18t fib resectionthoracic oullet  No Sample
Uterusiovary s Oral surgery v i Ne Sample
Tolal vaginal hysterectomy s Sinus surgery No Sample Superficial or skin
st et healata TS Thyreid/parathyroidectomy No Sample Fooltoe amputation/debride No Sample
Cysloscopy No Sample Suspension laryngoscopy No Sample Cenlral venous access No Sample
External genilalia No Sample Bronchoscopy Ho Sump
GYN cervix No Sample Cochlear implant No Sample
Hysteroscopy No Sample EGD m Sample
Superficial wound No Sam| Echngt do Sy
= Inner ear No Sample
Neurosurgery Tonsillectomy/adenoidectomy No Sample
Case Category Rec Tympanomastoid No Sample
Thoracic/Lumbar/Sacral fusion TIC4U
Thoracic Surgery
Spitie tmor e Case Category if the procedure you are looking for is
Posterior cervical spine fusion Ticau Esophageal open not on this list, then choose the
Spine Incision and Drainage TIC2U Stemal procedure procedure that most closely resembles
Intracranial tumor / aneurysm TiIC 2V Chest wall that procedure.
Laminectomy/disceclomy TS Thoracotomy - ad bload b
we b bi *Emergaency Release blood is availa
ey e v e s for ALL cases, and carries a risk of
ACOF s yAsS minor transfusion reaction of 1 in 1,000
Extracranial No Sampl M Py cases.
Nerve procedure Ne Sample EGD/FOB
CSFishunt procedure No Sample Central vencus access

Fig. 4. The surgical blood order schedule that has been implemented at Johns Hopkins Hospital. These recommended preop-
erative blood orders are derived from data in appendix 1, and are specific to our institution. ACDF = anterior cervical discectomy/
fusion; AICD = automated implantable cardiac defibrillator; AP = anterior-posterior; AV = arterial-venous; CABG = coronary
artery bypass grafting; CSF = cerebral-spinal fluid; D&C = dilatation and curettage; D&E = dilatation and evacuation; EGD =
esophagogastroduodenoscopy; FOB = fiberoptic bronchoscopy; Gl = gastrointestinal; GYN = gynecological; | and D = incision
and drainage; Lap = laparoscopic; No sample = no type and screen or type and crossmatch needed; Rec = recommendation;
RRP = radical retropubic prostatectomy; T/C = type and crossmatch; T/S = type and screen; TURBT = transurethral bladder

tumor; TURP = transurethral prostatectomy; U = units of erythrocytes; VATS = video-assisted thoracoscopic surgery.
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