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Background: The Soonchunhyang University Hospital Bloodless Center was established
in 2000, and more than 2,000 bloodless surgeries have been performed there since. In
this study, the lowest postoperative Hb/preoperative Hb (Hbwwire) ratio and mortality rates
of patients who underwent bloodless surgery were analyzed for each maximum surgical
blood order schedule (MSBOS) category to assess whether MSBOS can be used as a pre-
dictor of successful completion of bloodless surgery.

Methods: A total of 971 patients were included. MSBOS was defined as the average num-
ber of units of RBCs transfused during each elective surgery. We used the Hbiowpre ratio as
an alternative to intraoperative blood loss. Frequency of Hbiwpre ratios <0.5, use of trans-
fusion alternatives, and mortality rates were compared across MSBOS categories.

Results: Out of the 971 patients, 701 (72.2%) were categorized as type and screen (T&S),
184 (18.9%) as MSBOS 1, 64 (6.6%) as MSBOS 2, and 22 (2.3%) as MSBOS 4. Transfu-
sion alternatives were used by 397 (40.9%) patients. The frequency of the use of simulta-
neous erythropoietin and iron, hemostatics, acute normovolemic hemodilution, and Cell
Saver (Haemonetics corp., USA) was higher in patients in the higher MSBOS categories.
Six (0.6%) patients died within 30 days of surgery. Hbiowsre ratios tended to be lower as the
level of MSBOS category increased.

Conclusions: Surgeries in the higher MSBOS categories tended to be associated with high
blood loss and mortality. Active use of transfusion alternatives is recommended in patients
in high MSBOS categories who are scheduled to undergo bloodless surgery.
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INTRODUCTION

Minimizing and avoiding unnecessary allogeneic transfusions
appears to be beneficial for most patients. Invaluable experi-
ence has been gained from caring for severely anemic or bleed-
ing patients who refuse blood transfusions for religious or other
personal or medical reasons. In particular, patients who belong
to the Jehovah’s Witness faith should be treated with a more
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constructive approach that improves outcomes for these pa-
tients without violating their religious convictions [1-4].

The Soonchunhyang University Hospital (SCH) Bloodless Cen-
ter was established in 2000 to provide the highest quality care
for patients who wish to avoid blood transfusions; 2,000 blood-
less surgeries have been performed since its establishment. We
have previously reported on these cases [5], and have noted the
influence of the lowest postoperative Hb/preoperative Hb (Hbiow
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pre) ratio on successful completion of bloodless surgery.

Given an increasing aging population and rising concern over
shortages in blood supply, optimization of blood use has be-
come a very important issue. The introduction of the Maximum
Surgical Blood Order Schedule (MSBOS)-the amount of blood
to be crossmatched for specific elective operations-has helped
rationalize the number of units of blood routinely crossmatched
for elective surgical procedures and has concomitantly reduced
the unnecessary use of blood [6-8]. In our hospital, we estab-
lished a MSBOS by analyzing red blood cell (RBC) utilization for
elective surgeries; since then we have used the MSBOS to re-
serve crossmatched blood for immediate use in elective surgery.

In this study, we analyzed the Hbiwrpre ratio and mortality rates
of patients in each MSBOS category who underwent bloodless
surgery between 2003 and 2010 in order to assess whether MS-
BOS can be used as a predictor of successful completion of
bloodless surgery.

METHODS

From January 2003 to December 2010, 1,687 patients who wished
to undergo bloodless surgery visited the SCH Bloodless Center.
Out of these, 971 consecutive patients whose preoperative and
postoperative Hb levels 30 days after surgery could be deter-
mined and whose surgery fell into one of our MSBOS categories
were included. Some of these patients were reported in our pre-
vious study [5], but the patients in this study were selected only
if the surgeries they underwent fell into one of our MSBOS cate-
gories, whereas in the previous study all patients treated during
the specified study period were included. Prior approval for the
study was obtained from the SCH’s institutional review board
(2012-057).

The MSBOS was defined as the average number of units of
RBCs transfused for each elective surgery [9]. Our MSBOS was
initially established in 2004 for surgeries that were performed
more than five times during the period investigated, and it has
been modified regularly since then.

We used the Hbuwwpre ratio as an indirect indicator of blood
loss. We classified our patients according to the Hbiowpre ratio by
allocating them to Hbowpre <0.5 and Hbiowpe >0.5 groups [10].
We then compared the number of patients in each group who
fell into each MSBOS category. Hbiw was the lowest Hb value
recorded in the 30 days after surgery, and Hbye was the last
available Hb value prior to surgery.

We also compared the use of transfusion alternatives such as
hematinic agents (iron, erythropoietin [EPO]), hemostatics such
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as aprotinin, tranexamic acid, and hemocoagulase, intraopera-
tive salvage by Cell Saver (Haemonetics corp., Braintree, MA,
USA), and acute normovolemic hemodilution (ANH) before sur-
gery for each MSBOS category. Mortality was defined as in-hos-
pital death occurring within 30 days of surgery, and was com-
pared across all MSBOS categories.

1. Statistics

Pearson chi-square test was used to evaluate differences in the
use of transfusion alternatives, mortality rates, and the number
of patients with a Hbiowpre ratio <0.5 for each MSBOS category.
The distribution of Hbiwpre ratios in each MSBOS category was
evaluated using the Kruskal-Wallis test. SPSS version 18.0
(SPSS Inc., Chicago, IL, USA) was used for all statistical analy-
ses, and P values <0.05 were considered significant.

RESULTS

1. MSBOS categories of patients in our study who underwent
elective surgery

Of the 971 patients included in our study, 701 (72.2%) were cat-

egorized as type and screen (T&S), 184 (18.9%) as MSBOS 1,

64 (6.6%) as MSBOS 2, and 22 (2.3%) as MSBOS 4. No patient

was categorized as MSBOS 3 (Table 1). Surgeries are listed in

Table 1 in order of frequency for each MSBOS category.

2. Comparison of the use of transfusion alternatives among
MSBOS categories

Transfusion alternatives were used for 397 (40.9%) of the 971
patients. There was no statistical difference in the use of EPO
and iron across the MSBOS categories. However, the frequency
of use of simultaneous EPO and iron, hemostatics, ANH, and
Cell Saver was statistically different among MSBOS categories
(P<0.05, Pearson chi-square test). Patients in the MSBOS 2
and 4 categories tended to use more alternatives than patients
in the T&S and MSBOS 1 categories. However, the number of
patients who used transfusion alternatives was not exactly cor-
related with the level of MSBOS category, with the exception of
ANH (Table 2).

3. Comparison of mortality rates across MSBOS categories
Six (0.6%) patients died within 30 days of surgery; 2 (0.2%) were
categorized as T&S, 2 (1.1%) as MSBOS1, and 2 (9.1%) as MS-
BOS 4. The mortality rates were statistically different across the
MSBOS categories (P=0.000, Pearson chi-square test) and
tended to be higher in the higher level MSBOS categories.
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Table 1. The MSBOS of elective surgeries included in this study

TS Type of surgery N. o
category patients
T&S Hysterectomy* 140
(N=701)  C-section 108
Thyroidectomy* 56
Partial dissectomy 45
Mastectomy* 37
Cholecystectomy* 30
Appendectomy* 27
Open reduction of fracture and internal fixation 22
Removal of fixation device 21
Excision and biopsy 19
Ovarian cystectomy* 19
Myolysis' 15
Arthroscopy (knee) 13
Closed reduction of fracture and internal fixation 12
Salpingo-oophorectomy™ 11
Low anterior resection, laparoscopic 9
Exploratory laparotomy 8
Laparoscopic hemicolectomy 6
Arthroscopy (shoulder) 6
Gastrectomy, total 6
Herniorrhaphy 6
Partial resection of small intestine 4
Transurethral resection of bladder or prostate 4
Hemorrhoidectomy 3
QOther 74
1 Myomectomy 47
(N=184)  Bipolar hemiarthroplasty 35
Total knee replacement arthroplasty 35
Gastrectomy, subtotal 24
Whipple’s operation 13
Hemicolectomy 6
Clipping of aneurysm (brain) 6
Lobectomy of lung 5
Superficial temporal artery-middle cerebral artery 3
anastomosis
Miles’ operation 3
QOther 7
2 Removal of brain tumor 29
(N=64) Total hip replacement arthroplasty 25
Liver segmentectomy 6
Exploration and decompression of spinal cord 4
4 Hepatectomy, lobectomy 11
(N=22) Craniotomy for evacuation of hematoma 5
Craniectomy 3
Revision arthroplasty 3
Total 971

*Include endoscopic, laparoscopic or pelviscopic operations; "Laparoscopic
coagulation of myoma or transvaginal ultrasound-guided radiofrequency
myolysis for uterine myoma

Abbreviations: MSBOS, maximum surgical blood order schedule; T&S, type
and screen.
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4. Distribution of Hbiwjpre ratios according to MSBOS category
The mean, SD, and range of Hbiowpre ratios for each MSBOS cat-
egory are shown in Table 3. Each of these parameters was sta-
tistically different across the MSBOS categories, and tended to
be lower as the level of the MSBOS category increased (Kruskal-
Wallis test, P=0.000). On the other hand, 14 (2.0%), 6 (3.3%), 2
(3.1%), and 2 (9.1%) patients in the T&S and MSBOS 1, 2, and
4 categories, respectively, had Hbiowpre ratios <0.5. However,
there was no statistical difference in the distribution of Hbiowpre
ratios across the MSBOS categories (P=0.155, Pearson chi-
square test).

DISCUSSION

Bloodless surgery is a widely accepted concept that includes all
available techniques and strategies to avoid exposing a patient
to allogeneic blood transfusion. The selection of the most appro-
priate technique for a given patient requires skilled inpatient
evaluation and a great deal of clinical experience [11, 12]. The
SCH Bloodless Center receives approximately 630 patient visits
per year on average; of these, 94% are from Jehovah’s Wit-
nesses. The SCH bloodless medicine team consists of a patient
coordinator, a nurse, and hematology, chest surgery, general
surgery, and laboratory medicine specialist physicians. All team
members actively cooperate in assessing and monitoring pa-
tients who wish to receive bloodless treatment [8, 13].

When physicians order more blood than is needed, the blood
becomes unavailable to other patients, which may increase the
outdate rate. Therefore, providing testing guidelines such as the
T&S policy and the MSBOS may be useful for decreasing the
amount of blood wasted [14, 15]. The MSBOS is a guideline for
appropriate patient care that aids physicians in determining the
number of units appropriate for each patient. A T&S order is
recommended for procedures that require, on average, <0.5
units of blood per patient per procedure [9].

In this study, we analyzed the Hbowpre ratio and mortality rates
of patients in each MSBOS category who underwent bloodless
surgery. The Hbiwpre ratio was used as an alternative to intraop-
erative blood loss. Wu et al. [16] calculated intraoperative blood
loss based on preoperative and postoperative hematocrit levels
and units of RBCs transfused intraoperatively. We were unable
to directly calculate intraoperative blood loss because we could
not obtain consistent postoperative Hb data from the same
postoperative day due to the retrospective nature of the study.
Karkouti et al. [10] found that a >50% decrease in Hb concen-
tration was independently associated with increased risk of
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Table 2. Comparison of the use of transfusion alternatives across MSBOS categories
Transfusion alternatives VISE0S Total P value*

T&S 1 2 4

Erythropoietin (EPO) 3047 2(1.1) 0(0.0) 0(0.0) 5(0.5) 0.632
Iron 63 (9.0) 12 (6.5) 4(6.3) 3(13.6) 82(84) 0.510
EPO & iron 98 (14.0) 88 (47.8) 43 (67.2) 12 (54.5) 241 (24.8) 0.000
Hemostatics 192.7) 2(L1) 4(6.3) 2(9.0) 27 (2.8) 0.045
ANH 67 (9.6) 36 (19.6) 33(51.6) 12 (54.5) 148 (15.2) 0.000
Cell Saver 46 (6.6) 61(33.2) 29 (45.3) 7(3L.8) 143 (14.7) 0.000
Any alternatives* 203 (29.0) 113 (61.4) 62 (96.9) 19 (86.4) 397 (40.9) 0.000

*Pearson chi-square test; "Number (%) of patients; ‘Number (%) of patients treated with any of transfusion alternatives.
Abbreviations: MSBOS, maximum surgical blood order schedule; ANH, acute normovolemic hemodilution.

Table 3. Distribution of Hbiwpre ratios across MSBOS categories

MSBOS
P value*
T&S 1 2 4
Mean 0.819 0.750 0.757 0.655 0.000
SD 0.112 0.116 0.113 0.192 0.000
Range 0.330-0.994 0.320-0.987 0.048-0.992 0.184-0.926  0.000

*Kruskal-Wallis test, P=0.000.

Abbreviations: Hbiwere, the lowest postoperative Hb/preoperative Hb; MS-
BOS, maximum surgical blood order schedule; T&S, type and screen; SD,
standard deviation.

death, stroke, and kidney failure. In our study, the Hbowpre ratio
tended to be lower as the level of the MSBOS category increased,
and the percentage of patients with an Hbiwgre ratio <0.5 tended
to be higher as the level of the MSBOS category increased. Mor-
tality rates also tended to be higher in the higher-level MSBOS
categories. These results suggest that surgeries with a high MS-
BOS classification tend to be associated with high blood loss
and mortality. Meanwhile, the frequency of use of simultaneous
EPO and iron, hemostatics, ANH, and Cell Saver was higher in
patients in the MSBOS 2 and 4 categories compared with the
T&S and MSBOS 1 categories who underwent bloodless sur-
gery. Physicians or surgeons can refer to our study when using
transfusion alternatives, especially for patients in the higher MS-
BOS categories who are scheduled to undergo bloodless sur-
gery. In our protocol for bloodless surgery, we usually recom-
mend the use of transfusion alternatives such as intravenous
EPO (200 IU/kg, 3 times/week), subcutaneous darbepoetin (240
pg, 1 time/week), or intravenous iron (100 mg, only if the ferritin
level is <200 mg/dL) in patients with Hb levels <13 g/dL.

There were several limitations in our study, including the use
of a low-risk group of patients and the inability to estimate direct
blood loss during surgery or to evaluate postoperative complica-
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tions within each MSBOS category. In addition, the number of
deaths was insufficient to support any relationship between
mortality and MSBOS category.

However, this is the first report to evaluate Hbowpre ratios and
mortality rates across MSBOS categories in patients who have
undergone bloodless surgery. We previously reported on the
characteristics of patients who underwent bloodless surgery and
the influences of postoperative Hbiw along with the Hbiowpre ratio
on successful completion of bloodless surgery [5]. In this study,
we especially classified our patients with bloodless surgery ac-
cording to MSBOS and evaluated Hbiwpre ratios and mortality
rates among MSBOS categories. Therefore, we expect that our
data will be helpful for predicting successful bloodless surgery
according to MSBOS category.

In the future, a prospective multicenter study involving other
bloodless centers in Korea and including more high-risk pa-
tients is needed to evaluate and compare mortality rates, actual
operative blood loss, and postoperative complications across
MSBOS categories and to establish evidence-based guidelines
for bloodless surgery.

Authors’ Disclosures of Potential Conflicts of
Interest

No potential conflicts of interest relevant to this article were re-
ported.

Acknowledgements

The authors are grateful to Yu Jin Park from Soonchunhyang
University Hospital Bloodless Center for data collection.

119



ANNALS OF
LABORATORY
MEDICINE

REFERENCES

—

120

. Goodnough LT, Shander A,Spence R. Bloodless medicine: clinical care

without allogeneic blood transfusion. Transfusion 2003;43:668-76.

. Shander A, Javidroozi M, Perelman S, Puzio T, Lobel G. From bloodless

surgery to patient blood management. Mt Sinai J Med 2012;79:56-65.

. Watchtower Bible and Tract Society. Jehovah’s Witnesses and the ques-

tion of blood. Brooklyn, NY: Watchtower Bible and Tract Society, 1977.

. Carson JL, Noveck H, Berlin JA, Gould SA. Mortality and morbidity in

patients with very low postoperative Hb levels who decline blood trans-
fusion. Transfusion 2002;42:812-8.

. Jo KI, Shin JW, Choi TY, Park YJ, Youm W, Kim MJ. Eight-year experi-

ence of bloodless surgery at a tertiary care hospital in Korea. Transfu-
sion 2012 Aug 23. doi: 10.1111/).1537-2995.2012.03859.x. [Epub ahead
of print].

. Al-Benna S and Rajgarhia P. Blood transfusion requirements in elective

breast reconstruction surgery. Breast 2010;19:475-8.

. Murphy WG, Phillips P, Gray A, Heatley L, Palmer J, Hopkins D, et al.

Blood use for surgical patients: a study of Scottish hospital transfusion
practices. J R Coll Surg Edinb 1995;40:10-3.

. McClelland B, ed. Procedures; blood ordering for planned procedures.

Handbook of Transfusion Medicine. Norwich: HMSO, 1996: 35.

www.annlabmed.org

10.

11.
12.

13.

14.

15.

16.

Jo KI, et al.
MSBOS and bloodless surgery

. Brecher ME, ed. Technical manual. 15th ed. Bethesda: American Asso-

ciation of Blood Banks, 2005:91-2.

Karkouti K, Wijeysundera DN, Yau TM, McCluskey SA, van Rensburg A,
Beattie WS. The influence of baseline hemoglobin concentration on tol-
erance of anemia in cardiac surgery. Transfusion 2008;48:666-72.
Shander A. Surgery without blood. Crit Care Med 2003;31:S708-14.
Martyn V, Farmer SL, Wren MN, Towler SC, Betta J, Shander A, et al.
The theory and practice of bloodless surgery. Transfus Apher Sci 2002;
27:29-43.

Jeon BR, Shin JW, Park Y, Park R, Choi TY, Shin HB, et al. Experience
of bloodless medicine and surgery in Soonchunhyang University. Korean
J Lab Med 2004;24:308-13.

Friedman BA, Oberman HA, Chadwick AR, Kingdon Kl. The maximum
surgical blood order schedule and surgical blood use in the United
States. Transfusion 1976;16:380-7.

Devine P, Linden JV, Hoffstadter LK, Postoway N, Hines D. Blood do-
nor-, apheresis-, and transfusion-related activities: results of the 1991
American Association of Blood Banks Institutional Membership Ques-
tionnaire. Transfusion 1993;33:779-82.

Wu WC, Smith TS, Henderson WG, Eaton CB, Poses RM, Uttley G, et
al. Operative blood loss, blood transfusion, and 30-day mortality in older
patients after major noncardiac surgery. Ann Surg 2010;252:11-7.

http://dx.doi.org/10.3343/alm.2013.33.2.116



