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Aim: A maximum surgical blood order schedule (MSBOS) was implemented at our institution to optimize
preoperative blood ordering and reduce unnecessary blood preparation for patients undergoing radical
prostatectomy (RP), a common urologic procedure. Materials & methods: We conducted a retrospective
review of patients who underwent RP from 2010 to 2016 and categorized patients by date of RP (pre- or
post-MSBOS) and compared preoperative blood-ordering practices. Results: After MSBOS implementa-
tion, preoperative blood orders changed from predominantly type and cross-match 2 units (53%) to no
sample (56%) for robot-assisted laparoscopic RP, and from mostly type and cross-match 2 units (62%) to
type and screen (75%) for open RP with resultant cost savings. Conclusion: MSBOS implementation and
compliance decreases unnecessary preoperative blood orders.
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Radical prostatectomy (RP) for prostate cancer constitutes a significant proportion of urologic healthcare volume
and costs in the USA [1,2]. Prior studies have demonstrated that the cost of RP varies significantly between centers,
with variation driven by multiple patient, surgeon and hospital factors (3-6]. Since RP is a high-volume procedure
for Medicare patients, it may be one of the first urologic procedures to be subjected to future bundled payment
models, which would incentivize standardization to achieve cost containment on a national scale [3,7]. In order to
improve efficiency and prepare for these potential payment changes, it is important to identify areas within the RP
pathway where value can be optimized.

The optimization of preoperative blood preparation and ordering practices represents a potential area for
improvement, as both open RP (ORP) and robot-assisted laparoscopic RP (RALRP) have been associated with
relatively low transfusion rates — although RALRP may be associated with relatively lower morbidity and hospital
length of stay overall than ORP [s-10. To promote efficient preoperative blood preparation and reduce the
potential wastage of blood, an updated maximum surgical blood order schedule (MSBOS) — an institution-
specific preoperative blood ordering protocol — was devised and implemented at our institution in 2012 [11). This
updated MSBOS was the first protocol in the USA to provide comprehensive recommendations for various surgical
procedures based on institution-specific blood utilization data, including percent of patients transfused, estimated
blood loss (EBL), transfusion index (mean number of units transfused per patient) and the risk of major bleeding
for various surgical procedures [11]. Since RALRP is associated with less EBL and a lower rate of packed red blood
cell (pRBC) transfusions than ORP, our MSBOS guidelines recommend that surgeons order a preoperative type
and screen (T/S) for patients undergoing ORP and no preoperative blood orders (i.e., ‘no sample’ [NS]) for patients
undergoing RALRP [12-14].

Given that the impact of MSBOS guidelines on preoperative blood preparation and blood utilization for ORP Future

and RALRP has not been previously described, we assessed temporal trends in preoperative blood ordering practices %,
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Figure 1. Relative distribution of type of radical prostatectomy performed over time. Bars represent the percent of
total prostatectomy cases that were performed in either an open or robotic fashion for each month of our study
period. Patients who underwent radical prostatectomy in 2012 are shown, but were not included in the study
population to account for the transition phase during implementation of new preoperative blood ordering
guidelines.

ORP: Open radical prostatectomy, RALRP: Robot-assisted laparoscopic radical prostatectomy.

before and after MSBOS implementation at our institution. We also quantified costs associated with preoperative
blood ordering before and after MSBOS implementation, as well as MSBOS compliance.

Materials & methods

Study population

We performed a retrospective review of men who underwent RP for prostate cancer between 1 February 2010
and 29 April 2016 at our institution using data from our institutional blood management and RP databases. The
sources of data for transfusions and the database quality control methods have been previously described [15]. We
excluded six patients who were listed as Jehovah's Witnesses, since they did not undergo any preoperative blood
testing or receive any pRBC transfusions. We also excluded 751 patients who underwent RP in 2012 (the MSBOS
transition year) from statistical analyses, but data from 2012 are depicted in our graphical displays of temporal
trends for the purposes of continuity (Figures 1 & 2).

Patient and disease characteristics assessed included patient age, race, BMI, Charlson Comorbidity Index (CCI),
preoperative serum prostate-specific antigen (PSA), clinical stage, diagnostic biopsy Gleason grade group (GG) and
presence of nonorgan-confined (NOC) disease on surgical pathology. We also assessed type of RP performed, surgical
operating room (OR) time, intraoperative EBL, rates of intraoperative and whole-hospital pRBC transfusions, the
whole-hospital nadir hemoglobin, preoperative blood orders for preparing pRBCs (T/S, type and cross-match
[T/C] 2 units and NS), the cost associated with each type of preoperative blood order, and MSBOS compliance.

Intervention

Prior to 2012, there were no established blood ordering guidelines at our institution and blood ordering was
dependent on surgeon preference. In 2012, a first-of-its-kind institution-specific preoperative blood ordering
protocol was created via an algorithm that has been previously described [11] and implemented across our institution.
Specifically, for ORP, this recommended changing the common ordering practice of T/C 2 units to T//S. For RALRP,
this recommended changing the predominant ordering practice of T/C 2 units to NS.
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Figure 2. Comparison of preoperative blood orders over time before and after MSBOS implementation for (A) robot-assisted
laparoscopic radical prostatectomy and (B) open radical prostatectomy. Patients who underwent radical prostatectomy in 2012 are
shown, but were not included in the study population to account for the transition phase during implementation of new preoperative
blood ordering guidelines.

MSBOS: Maximum surgical blood order schedule; T/C: Type and cross-match (2 units); T/S: Type and screen.

Statistical analysis

Patient and disease characteristics, surgical outcomes and blood-related outcomes between patients who underwent
ORP versus RALRP were compared in the pre- and post-MSBOS eras using Fisher’s exact tests, Chi-squared
tests, Wilcoxon tests or Student’s t-tests, as appropriate. Univariate logistic regression was used to assess patient,
disease and surgical factors associated with the likelihood of receipt of whole-hospital pRBC transfusions (during
the whole-hospital stay) among patients who underwent RALRP and ORP. Univariate logistic regression was also
used to assess patient, disease and surgical factors associated with MSBOS noncompliance among patients who
underwent RALRP. Analyses were generated using JMP version 12.1.0. (SAS Institute, NC, USA), with a two-sided
p-value <0.05 considered statistically significant.

Results

Opverall, 3994 men underwent RP at our institution during the pre-MSBOS era (2010-2011) and post-MSBOS
era (2013-2016) and met study inclusion criteria. Of these, 2413 (60%) underwent RP in the post-MSBOS
period. Patient and disease characteristics stratified by type of RP and whether RP was performed in the pre- or
post-MSBOS time period are shown in Table 1. In the pre-MSBOS period, significant differences in BMI and
Gleason GG at diagnostic biopsy were found among patients who underwent ORP versus RALRP. In the post-
MSBOS period, significant differences in age, CCI, preoperative PSA, clinical stage and Gleason GG at diagnostic
biopsy were found among patients who underwent ORP versus RALRP. However, the statistical significance likely
reflects the large sample size as the differences were small and likely not clinically significant.

Type of RP
The relative frequency of each type of RP also changed significantly between the pre-MSBOS and post-MSBOS
periods. In the pre-MSBOS era, ORP represented 67% of all RPs performed; in the post-MSBOS era, ORP

represented 45% of all RPs performed (Table 1). RALRP became increasingly more common over time, representing
14% of all RPs in February 2010 and 56% of all RPs in April 2016 (Figure 1).

Surgeon
In the pre-MSBOS period, there were nine surgeons who performed the majority of RPs at our institution. There
were four surgeons who performed ORP only, one surgeon who performed RALRP only, and four surgeons who
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Table 1. Characteristics of study cohort by type of radical prostatectomy and study time period.

Characteristic Pre-MSBOS (2010-2011) p-value Post-MSBOS (2013-2016) p-value
n = 1581 (40%) n = 2413 (60%)

ORP RALRP ORP RALRP

n = 1060 n =521 n = 1091 n = 1322

(67%) (33%) (45%) (55%)
Age in years, median (IQR) 59 (54-64) 59 (54-63) 0.54 62 (56-66) 60 (55-65) <0.001
African-American race, n (%) 139 (13.1) 61(11.7) 0.98 160 (14.7) 165 (12.5) 0.19
BMI (kg/m?), median (IQR) 27.1(25.1-29.1) 27.3 (25.1-30.0) 0.03 27.4 (25.1-30.1) 27.3 (25.1-30.0) 0.36
CCl >3, n (%) 249 (23.5) 140 (26.9) 0.14 231 (21.1) 226 (17.1) 0.01
PSA (ng/ml), median (IQR) 4.9 (3.7-6.7) 5.0 (3.9-6.6) 0.39 5.8 (4.4-8.5) 5.5 (4.3-7.6) 0.001
Clinical stage, n (%) 0.16 <0.001
-T1 (a—0) 818 (77.2) 419 (80.4) 793 (72.7) 986 (74.6)
-T2 (a—0) 231 (21.8) 95 (18.2) 262 (24.0) 297 (22.5)
-T3 (a—0) 3(0.3) 0(0.0) 19 (1.7) 3(0.2)
Gleason GG, n (%) 0.01 <0.001
-1 568 (53.6) 303 (58.2) 380 (34.8) 551 (41.7)
-2 276 (26.0) 147 (28.2) 328 (30.0) 439 (33.2)
-3 134 (12.6) 48 (9.2) 167 (15.3) 181 (13.7)
-4 51(4.8) 11(2.1) 107 (9.8) 93 (7.0)
-5 30(2.8) 12(2.3) 109 (10.0) 58 (4.4)
NOC disease, n (%) 291 (27.5) 123 (23.6) 0.09 384 (35.2) 422 (31.9) 0.09

CCl: Charlson comorbidity index; GG: Grade group; IQR: Interquartile range; MSBOS: Maximum surgical blood order schedule; NOC: Non organ-confined; ORP: Open radical
prostatectomy; PSA: Prostate-specific antigen; RALRP: Robot-assisted laparoscopic radical prostatectomy.

Table 2. Surgical and blood-related outcomes by type of radical prostatectomy and study time period.

Outcome Pre-MSBOS (2010-2011) p-value Post-MSBOS (2013-2016) p-value
(n =1581; 40%) (n =2413; 60%)

ORP RALRP ORP RALRP

n = 1060 n =521 n=1091 n = 1322

(67%) (33%) (45%) (55%)
OR time (minutes), median (IQR) 110 (88-133) 177 (151-201) <0.001 108 (84-135) 153 (131-174) <0.001
EBL (ml), median (IQR) 600 (400-800) 200 (100-300) <0.001 500 (350-750) 150 (100-200) <0.001
pRBC transfusion (intraoperative), n (%) 16 (1.5) 1(0.2) 0.02 11 (1.0) 0 (0.0) <0.001
pRBC transfusion (whole hospital), n (%) 34 (3.2) 11(2.1) 0.21 30(2.7) 16 (1.2) 0.006
Nadir Hb (g/dl), median (IQR) 10.9 (10.0-11.7) 11.9 (11.1-12.7) <0.001 10.9 (9.9-11.7) 11.9 (11.1-12.7) <0.001

EBL: Estimated blood loss; Hb: Hemoglobin; IQR: Interquartile range; MSBOS: Maximum surgical blood order schedule; OR: Operating room; ORP: Open radical prostatectomy;
PRBC: Packed red blood cell; RALRP: Robot-assisted laparoscopic radical prostatectomy.

performed both types of RP. In the post-MSBOS period, there were nine surgeons (eight from the pre-MSBOS
period and one new surgeon). There were three surgeons who performed ORP only, three surgeons who performed
RALRP only and three surgeons who performed both types of RP.

EBL & pRBC transfusions

The median intraoperative EBL for RALRP was significantly less than that of ORP in the pre-MSBOS period
(200 ml [interquartile range {IQR}: 100-300] vs 600 ml (IQR: 400-800), respectively, p < 0.001] and in the post-
MSBOS period (150 ml [IQR: 100-200] vs 500 ml [350-750], respectively, p < 0.001; Table 2). Additionally, the
median whole-hospital nadir hemoglobin was significantly lower for patients who underwent ORP compared with
RALRRP in both the pre-MSBOS period (10.9 g/dl [IQR: 10.0-11.7] vs 11.9 g/dl [IQR: 11.1-12.7], respectively,
p < 0.001) and the post-MSBOS period (10.9 g/dl [IQR: 9.9-11.7] vs 11.9 [IQR: 11.1-12.7], respectively,
p < 0.001; Table 2). RALRP was associated with significantly lower rates of intraoperative pRBC transfusions than
ORP in both the pre-MSBOS period (0.2 vs 1.5%, respectively, p = 0.02) and post-MSBOS period (0.0 vs 1.0%,
respectively, p < 0.001); however, the rates of whole-hospital pRBC transfusions for RALRP were significantly
lower than ORP in the post-MSBOS period only (1.2 vs 2.7%, respectively, p = 0.006; Table 2). When comparing
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Table 3. Univariate analysis of factors associated with a whole-hospital packed red blood cell transfusion by type
of radical prostatectomy performed.
Characteristic RALRP ORP
n = 1843 (46%) n = 2151 (54%)

0Odds ratio (95% Cl) p-value 0Odds ratio (95% Cl) p-value
Age =60 yearst 1.40 (0.65-3.04) 039 1.01 (0.62-1.67) 0.96
BMI >30 kg/m?* 1.86 (0.84-4.08) 0.12 1.05 (0.58-1.88) 0.88
=3 1.71 (0.74-3.95) 0.21 1.82 (1.08-3.07) 0.03
PSA >5.3 ng/mlt 2.34(1.01-5.37) 0.045 1.63 (0.98-2.72) 0.06
Gleason GG >3 0.62 (0.21-1.80) 038 1.15 (0.68-1.98) 0.60
€T2/T3 (a-0) 1.26 (0.68-2.34) 0.46 2.19 (0.65-7.28) 021
NOC disease 1.20 (0.51-2.86) 0.68 1.06 (0.63-1.80) 0.82
OR time >123 min' 0.99 (0.41-2.35) 1.00 2.34(1.42-3.83) <0.001

TValues indicate 50th percentile for the entire cohort.

CCl: Charlson comorbidity index; GG: Grade group; NOC: Nonorgan-confined; OR: Operating room; ORP: Open radical prostatectomy; PSA: Prostate-specific antigen; RALRP:

Robot-assisted laparoscopic radical prostatectomy.

the pre-MSBOS and post-MSBOS time periods, there was a decrease in the overall rate of intraoperative and
whole-hospital pRBC transfusions for ORP (1.5-1.0% and 3.2-2.7%, respectively) and RALRP (0.2-0.0% and
2.1-1.2%, respectively).

On univariate analysis, patient age, BMI, CCI, Gleason GG at diagnostic biopsy, clinical stage, the presence
of NOC disease and operating room time were not associated with an increased probability of receiving a whole-
hospital pRBC transfusion for patients who underwent RALRP (Table 3). However, preoperative PSA above the
overall median (> 5.3 ng/ml) was associated with an increased probability of receiving a whole-hospital pPRBC
transfusion for patients who underwent RALRP (odds ratio [OR]: 2.34 [95% CI: 1.01-5.37]; p = 0.045). For
patients who underwent ORE, CCI >3 (OR: 1.82 [95% CI: 1.08-3.07]; p = 0.03] and OR time above the overall
median (>123 min; OR: 2.34 [95% CI: 1.42-3.83]; p < 0.001) were associated with an increased probability
of receiving a whole-hospital pRBC transfusion (Table 3). However, patient age, BMI, PSA, Gleason GG at
diagnostic biopsy, clinical stage, and the presence of NOC disease were not associated with an increased probability
of receiving a whole-hospital pRBC transfusion for patients who underwent ORP.

Preoperative blood ordering & MSBOS compliance

After MSBOS implementation, the preoperative blood ordering practices at our institution changed from predomi-
nantly T/C 2 units (62%) to T/S (75%) for ORP and from T/C 2 units (53%) to NS (56%) for RALRP (Figure 2).
The MSBOS noncompliance rates for RALRP and ORP were 44 and 25%, respectively. For RALRP, 95% of MS-
BOS noncompliance was attributable to ordering preoperative T/S; for ORD, 48% of MSBOS noncompliance
was attributable to ordering preoperative T/C 2 units. In terms of MSBOS noncompliance, providers tended to
be more likely to order a T/S for patients >60 years old who underwent RALRP (OR: 1.18; 95% CI: 1.00-1.38;
p = 0.048), even though older age was not significantly associated with an increased likelihood of receiving a
whole-hospital pRBC transfusion. The average preoperative blood order cost-per-case for ORP decreased from
US$47.31 to US$35.36; the average preoperative blood order cost-per-case for RALRP decreased from US$45.89
to US$17.21, although there would be no blood order costs for RALRP if 100% MSBOS compliance was achieved.

Discussion

In this study of 3994 men who underwent RP at our institution, we found that MSBOS implementation cor-
responded with a subsequent overall decrease in preoperative blood orders and preparation for both ORP and
RALRP with resultant cost-savings. Throughout the duration of our study, the surgeons performing RP were
relatively constant, although there was one new replacement in the post-MSOBS period. It is important to note
that MSBOS implementation occurred within the context of decreasing rates of RP-associated pRBC transfusions
for both ORP and RALRP and a progressive increase in prevalence of RALRP relative to ORP. However, despite
the lower rates of EBL and pRBC transfusion associated with RALRP, over 40% of preoperative blood orders for
RALRP cases were not compliant with the MSBOS guideline. Furthermore, this noncompliance reflected an age
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bias, as providers were more likely to order an unnecessary preoperative T/S for older patients undergoing RALRP,
even though age was not associated with an increased probability of pRBC transfusion.

Our temporal and comparative results are consistent with studies demonstrating that EBL decreases over time
with surgical experience, as well as that RALRP has become more prevalent than ORP and is associated with
comparatively less EBL and pRBC transfusions [8,9,12,16-21]. Although there is variation in reports of RP-associated
EBL and pRBC transfusion rates in the literature, our results are comparable to other series. In a comparison of
RALRP and ORP, Kordan ez 4/. reported a median EBL of 100 versus 450 ml and overall transfusion rates of 0.8
versus 3.4%, respectively [8]. In a recent German study comparing 7007 men who underwent ORP and 3783 men
who underwent RALRP, the pRBC transfusion rates were 3.5% and 0.75%, respectively [21].

Of note, RALRP has consistently been shown to be associated with significantly higher cost than ORP: a
difference that is largely driven by fixed OR supply costs [9,19,22-25]. Since RALRP is the predominant type of
RP performed and may be included in future bundled payment reform in urologic surgery, improving value in
modifiable areas of the RP pathway is paramount. The persistent ordering of unnecessary preoperative blood
orders and associated unnecessary laboratory costs represents an area of potential improvement in the RP pathway
that would promote value-driven care, as even small cost-savings can have an impact on a national scale. We
estimate that with 100% compliance to the MSBOS, our institution could have an annual operations cost
savings of approximately US$3955 for ORP and US$11586 for RALRP. Therefore, provider education about
MSBOS guidelines and RP costs should be increased to promote MSBOS compliance and cost savings. To this
end, MSBOS compliance is supported by the American Society of Anesthesiologists’ Task Force on Perioperative
Blood Management’s recommendation that an MSBOS should be utilized ‘when available and in accordance with
(your) institutional policy, as a strategy to improve the efficiency of blood ordering practices’ [26].

Odur study has several limitations that must be considered. This was a retrospective study of men who underwent
RP at a high-volume tertiary academic hospital, which may limit the generalizability of our findings. While our
EBL and rates of pRBC transfusions are similar to other published series, EBL and the need for pRBC transfusions
may differ based on surgeon experience or the patient population at other centers, and this could impact MSBOS
recommendations for RP-associated preoperative blood orders at other institutions. We also did not survey providers
to assess reasons for MSBOS noncompliance at our institution. For example, additional reasons for the residual
MSBOS noncompliance for RALRP may be clinicians’ reluctance to use universal donor (type-O) emergency release
blood as a backup for the rare cases with unexpected bleeding, since the MSBOS recommends no preoperative
blood orders for RALRP cases. However, only one out of 1843 RALRP patients in the current study received an
intraoperative pRBC transfusion, whereas 27 patients received a pRBC transfusion during their hospital stay. Since
postoperative transfusions are usually not emergent, this suggests there would be sufficient time to order a cross-
match and avoid emergency release blood for postoperative transfusions. Nonetheless, even if type-O emergency
release blood is required, it is much safer than many clinicians understand it to be. In trauma patients, it is used
frequently, with a chance of a minor delayed hemolytic reaction between 0.2 and 0.4% and essentially no chance of
a life-threatening ABO incompatibility reaction [27-29]. Therefore, additional inquiry regarding reasons for MSBOS
noncompliance represents a future area of research.

To our knowledge, this is the first study to examine optimization of preoperative blood ordering practices
and MSBOS compliance for RP, a common urological procedure. In our retrospective study of 3994 men
who underwent RP, we found that implementation of MSBOS guidelines resulted in a decrease in unnecessary
preoperative blood orders for both ORP and RALRP with resultant cost savings. However, over 40% of preoperative
blood orders for RALRP cases were not compliant with the MSBOS guidelines, so potential cost savings could be
greater than our estimates. Noncompliance was associated with older patient age, even though older patients were
not more likely to need transfusions. Therefore, further provider-oriented educational efforts to reduce unnecessary
preoperative blood orders are needed to optimize value-driven care for RP.

Conclusion

Opverall, our retrospective study revealed that the use of an MSBOS for ORP and RALRP decreased unnecessary
preoperative blood ordering at our institution, with resultant cost savings. However, MSBOS compliance can be
improved. We aim to increase compliance through continued provider educational efforts.
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Summary points

e Radical prostatectomy (RP) for prostate cancer constitutes a significant proportion of urologic healthcare volume
and cost, with cost variation driven by multiple patient, surgeon and hospital factors.

e A maximum surgical blood order schedule (MSBOS) was implemented at our institution to standardize and
optimize preoperative blood ordering and reduce unnecessary blood preparation for patients undergoing RP.

e The MSBOS recommended preoperative type and screen (T/S) for open RP (ORP) and no preoperative blood
orders or ‘'no sample’ for robot-assisted laparoscopic RP (RALRP). The impact of the MSBOS on change in RP
practice has never been investigated.

e In our study of 3994 men, we compared preoperative blood ordering and associated costs in the pre- and
post-MSBOS time periods for patients undergoing ORP and RALRP from 2010 to 2016 and categorized patients by
date of RP (pre- or post-MSBOS).

o After MSBOS implementation, preoperative blood orders changed from predominantly type and cross-match
(T/C) 2 units (53%) to no sample (56%) for RALRP.

e After MSBOS implementation, preoperative blood orders changed from predominantly T/C 2 units (62%) to T/S
(75%) for ORP.

e Compared with the pre-MSBOS era, post-MSBOS average preoperative blood order cost-per-case for ORP and
RALRP decreased from US$47.31 to US$35.36 and US$45.89 to US$17.21, respectively.

e The MSBOS noncompliance rates for RALRP and ORP were 44% and 25%, respectively.

e Our findings demonstrate that MSBOS adherence can decrease unnecessary preoperative blood ordering and
associated costs, thereby improving value.

e Further reduction of unnecessary preoperative blood orders can be achieved with increased provider education
to improve MSBOS compliance.
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