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Table 1.  Articles excluded. 
	Author
	Year
	Reason for exclusion

	Benli28
	1999
	Reported on all orthopedic surgical procedures

	Blais


29 ADDIN EN.CITE 
	1996
	Included trauma patients

	Boakye30
	2008
	Did not report on outcomes of interest

	Brookfield31
	2008
	Included non-fusion patients

	Colomina32
	2004
	Did not report on outcomes of interest

	Elwatidy33
	2008
	Included tumor, non-fusion patients

	Gill34
	2008
	Included pediatric patients, non-fusion patients

	Kakiuchi35
	2002
	Included non-fusion patients

	Nuttall36
	2000
	Included trauma and tumor patients

	Renkens


37 ADDIN EN.CITE 
	2001
	Included tumor and non-fusion patients

	Schulmana38
	1998
	Types of spinal surgical procedures not defined

	Schulmanb39
	1998
	Types of spinal surgical procedures not defined

	Thompson


40 ADDIN EN.CITE 
	2008
	Included pediatric patients

	Yeom


41 ADDIN EN.CITE 
	2008
	Did not report on outcomes of interest

	Zufferey42
	2006
	Reported on all orthopedic surgical procedures


Table 2a.  Level of Evidence grade for studies reporting rate and outcomes of significant hemorrhage.
	Methodological Principle
	Blanchette 2007
	Cha 2002
	Chanda 2002
	Epstein 2006
	Garcia-Erce 2004
	Gaus 2008
	Johnson 1989
	Reitman  2004
	Zheng 2002
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	Evidence Level
	IV
	III
	IV
	IV
	III
	III
	IV
	III
	II


Table 2b.  Level of Evidence grade for studies reporting effectiveness of measures to decrease significant hemorrhage

	Methodological Principle
	Behrman 1992
	Castro 2004
	Krohn 2002
	Lentschener 1999
	Okubadejo 2007
	Sachs 2007
	Tayyab* 2008
	Urban 2001
	Wong  2008

	Study design
	
	
	
	
	
	
	
	
	

	Randomized controlled trial
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	Prospective study
	(
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	(
	
	(
	
	(
	(

	Evidence Level
	III
	III
	II
	I
	III
	II
	III
	II
	II


*Control group was not concurrent.

†Applies to randomized controlled trials only.

Table 3.  Studies reporting frequencies for and outcomes of significant hemorrhage.

	Author

(Year)
	Study 

Design
	Population
	Surgical treatment
	Intervention
	Frequency or mean of occurrence
	Risk Factors (if has impact upon threshold) and Outcomes

	Blanchette

(2007) 
	Retrospective case-series
	N =  42,029

Median age: 52 yrs

46% male

Comparative Database for inpatient use maintained by Premier Inc., Charlotte, NC
	Cervical or lumbar spinal fusion surgery
	NR
	· Allogeneic blood transfusion = 10.7%%

· Autologous blood transfusion = 3.2%
	Outcomes associated with increased risk of ABT:

· Discharged to nursing facility, transferred or expired (compared with discharged to home)

Risk factors associated with increased risk of ABT:

· Treatment by orthopedic surgeon compared with neurosurgeon

· Not having received C S IAT


	Cha

(2002) 
	Retrospective cohort


	N = 104

Mean age: 66.6 yrs noninstrumented fusion, 50.5 yrs instrumented fusion

43% male
	Lumbar noninstrumented (n = 52) and instrumented (n = 52) fusion
	If possible, patients underwent 2 units of PABD
	Mean blood loss:

Noninstrumented: 1041 ml

Instrumented: 2026 ml

Allogeneic blood transfusion:

Noninstrumented, autodonation: 7/43=16.3%

Noninstrumented, no autodonation: 5/9=55.6%

Instrumented, autodonation: 16/43=37.2% 

Instrumented, no autodonation: 7/9=77.7%

Autologous blood transfusion:

Noninstrumented, autodonation: 31/43=72.1%

Instrumented, autodonation: 36/43=83.7%
	

	Epstein

(2006)
	Retrospective case-series
	N = 68

Mean age: 50 yrs

34% male
	Multilevel lumbar instrumented fusions for lumbar stenosis with instability
	perioperative normovolemic hemodilution utilized
	ABT = 23.5% (n = 16), all experienced post-op hypotension with dizziness

Mean operative blood loss:

ABT = 788 ml

No ABT = 746 ml

Mean post-operative Hct:

ABT = 25.4%

No ABT = 28%
	· 

	Garcia-Erce (2004)
	Retrospective case-series
	N = 556

Mean age: 47

NR% male
	Instrumented vertebral fusion
	Underwent PABD, 2 units drawn 1 time/wk for 2-5 weeks prior to surgery
	· ABT = 14.4% (n = 80)

· Allogeneic or autologous transfusion = 65.9% (n = 366)

· Autologous transfusion: 1.36 ± 1.13 units/person

· Allogeneic transfusion: 0.34 ± 1.67 units/person
	· 

	Gause

(2008)
	Retrospective cohort
	N = 188

Mean age: 64 yrs

35% male


	Posterior lumbar fusion with instrumentation with (n = 141) and without (n = 47) intraoperative C S
Transfusion if Hct ≤21% or Hgb ≤8 g/dL or blood pressure or cardiac output warranted transfusion. 
	Intraoperative autologous blood (C S)
	Transfusion rate:

· CS group = 87.2% (123/141)

· Control group = 76.6% (36/47)

intraoperative blood loss (p=.0001):

· CS group = 1476 ml

· Control group = 766 ml 

Allogeneic blood transfusion (p=.007):

· CS group = 1.6 U

· Control group = 0.8 U 

Autologous blood transfusion (p=.03):

· CS group = 1.2 U

· Control group = 0.7 U 
	

	Reitman (2004)
	Retrospective case-series
	N = 102

Mean age: 48 yrs

50% male
	Posterolateral lumbar fusion with internal fixation
	IAT using C S (n = 56) or no IAT (n = 46). Some pts underwent 1 unit of PABD.
	Mean blood loss:

· IAT = 650 ml

· No IAT = 600 ml

Autologous transfusion:

· IAT = 20% (n = 11)

· No IAT = 41% (n = 19)

ABT:

· IAT = 16% (n = 9)

· No IAT = 9% (n = 4)
	· 

	Zheng 

(2002)
	Retrospective case-series
	N = 112

Mean age:54 yrs

47% male
	Revision lumbar spine decompression and fusion with segmental instrumentation
	None
	· ABT = 63% (n = 70)

· ABT if postop Hct <30% = 83.3% (n = 45)

· Mean blood loss with ABT = 1085 ml, mean blood loss without ABT = 1052 ml

· Mean blood loss if Hct <30% = 874 ml, mean blood loss if Hct ≥30% = 1272 ml
	· ABT was associated with a longer hospital stay (6.5 vs 5.0 days)

· ABT was associated with discharge to rehabilitation (vs home care)

· Hct <30% was associated with a longer hospital stay (6.4 vs 5.6 days)

Risk factors for intraoperative blood loss:

· Preoperative Hgb

· # levels fused

· Excessive body weight

Risk factors for blood transfusion:

· Preoperative Hgb

· # levels fused

· Age


Allogeneic blood transfusion (ABT); pre-operative autologous donation (PABD); intraoperative autologous donation (IAT); Hgb = hemoglobin, Hct = hematocrit; NR = not reported.
Table 4.  Studies reporting effectiveness and outcomes of measures to decrease significant hemorrhage.

	Author

(Year)
	Study 

Design
	Population
	Treatment
	Intervention/

Measure
	Rate or frequency of occurrence
	Outcomes

	Behrman

(1992)
	Retrospective and Prospective arms
	N = 150

Mean age: 21 (scoliosis), 40 (decompression and fusion)

30% male
	Scoliosis fusion with Harrington rods (25 per grou) or decompression and fusion (25 per group). 
	C S intraoperatively  (n = 50) or C S and Solcotrans (R) for salvage and reinfusion of postoperative drainage (n = 50). These groups were compared to historical controls who received no perioerative blood salvage (n = 50)
	Total blood transfusion (p=NS):

· C S = 1.9 U scoliosis, 1.6 U fusion

· C S and Solcotrans (R) = 0.9 U scoliosis, 0.8 U fusion
· Control group = 2.8 U scoliosis, 2.5 U fusion


	

	Castro

(2004)
	Retrospective cohort


	N = 84

Mean age: 48 yrs

32% male


	One- or two-level bilateral TLIF with instrumentation and autologous iliac crest bone graft with (n = 22) or without (n = 62) activated growth factor platelet gel 
	Activated growth factor platelet gel added to bone graft
	Postop allogeneic blood transfusion (p=NS):

· AGF group = 23% (n = 5)

· Control group = 37% (n = 23)

Postop drain output (p=NS):

· AGF group = 436 ± 73 ml

· Control group = 567 ± 69 ml
	Length of hospital stay (p=NS):

· AGF group = 5.3 ±  0.6 days

· Control group = 5.1 ±  0.4 days

	Krohn

(2002)
	Randomized controlled trial


	N = 30

Mean age: 47 yrs

40% male


	Lumbar fusion with instrumentation, randomized for local application of  0.5g tranexamic acid to the wound (n = 16) or none (n = 14)

Transfusion if Hgb <8 g/dL
	Tranexamic acid applied to the wound during closure
	Autologous blood transfusion (p=.02):

· Tranexamic acid = 13% (n = 2)

· No tranexamic acid = 64%  (n = 9)

Median intraoperative blood loss (p=NS)

· Tranexamic acid = 775 ml

· No tranexamic acid = 900 ml

Median postoperative blood loss (p=.02)
· Tranexamic acid = 252 ml

· No tranexamic acid = 525 ml 
	

	Lentschener (1999)
	Randomized controlled trial
	N = 72

Mean age: 46 yrs (aprotinin), 51 yrs (placebo)

51% male
	Posterior lumber fusion, received intraoperative aprotinin (n = 35) or placebo (n = 37), stratified by # levels fused
	Initial dose of 2x106 KIU aprotinin over 20-min, followed by continuous infusion of 5x105 KIU/h until skin closure
	Mean perioperative* blood loss

· Aprotinin = 1935 ± 873 ml

· Placebo = 2839 ± 993 ml (p=.007)

Perioperative autologous units RBCs (p<.001)

· Aprotinin = 36

· Placebo = 76

Perioperative allogenic units RBCs (p=NS):

· Aprotinin = 6

· Placebo = 19

Transfused patients auto/allo (p=.02):

· Aprotinin = 40% (n = 14)

· Placebo = 81% (n = 30)
	

	Okubadejo (2007)
	Retrospective cohort
	N = 81

Mean age: 51 yrs

10% male
	Long thoracolumbar fusion due to spinal deformity, received high-dose aprotinin (n = 40) or none (n = 41), matched by age and number of levels fused
	Loading dose of aprotinin over 30 min, followed by infusion dose of 50 ml/h during surgery
	Mean intraoperative blood loss (p=.04)

· Aprotinin = 906 ± 97.1 ml

· Control = 1339 ± 178.5 ml 

Mean intraoperative RBC transfusion:

· Aprotinin = 293.2 ± 53.4 ml

· Control = 514.7 ± 102.6 ml 
	Acute renal failure:

· Aprotinin = 10% (n = 4)

· Control = 2% (n = 1)

DVT/PE:

· Aprotinin = 2% (n = 1)

· Control = 2% (n = 1)

	Sachs (2007)
	Randomized controlled trial
	N = 49

Mean age: 47

27% male
	Posterior spinal fusion surgery of 3 or more motion segments. 3 cohorts of patients (n = 16 or 17) received recombinant factor VIIa (rFVIIa) at different doses (n = 12x3 cohorts) or placebo (n = 4x2 cohorts, 5x1 cohort)

Transfusion occurred when Hgb <9 g/dL
	rFVIIa doses: 3x30 μg/kg, 3x60 μg/kg, 3x120 μg/kg during surgery
	Mean intraoperative adjusted blood loss (p<.001 vs. placebo):

· rFVIIa 3x30 = 1120 ml

· rFVIIa 3x60 = 400 ml

· rFVIIa 3x120 = 120 ml

· Placebo = 2536 ml

Mean intraoperative adjusted total blood transfusion volume (p=.03 vs. placebo):

· rFVIIa 3x30 = 258 ml

· rFVIIa 3x60 = 89 ml

· rFVIIa 3x120 = 287 ml

· Placebo = 1488 ml
	Postoperative infection:

· rFVIIa = 2.7% (n = 1)

· Placebo = 0%

Thromboembolic stroke:

· rFVIIa = 2.7% (n = 1)

· Placebo = 0%

Death:

· rFVIIa = 2.7% (n = 1)

· Placebo = 0%



	Tayyab (2008)
	Retrospective cohort
	N = 82

Mean age: 44 yrs

21% male
	Fusion with instrumentation of ≥6 levels due to spinal deformity, received aprotinin (n = 41) or none (n = 41)
	Aprotinin administered using several different regimens with a loading dose followed by an infusion dose
	Mean intraoperative blood loss (p=.005):

· Aprotinin = 1324 ± 608 ml

· Control = 2113  ± 1296 ml 

Mean perioperative blood transfusion units (p=.003):

· Aprotinin = 2.73 ± 2.45 units

· Control = 5.02± 4.02 units 
	Mean length of hospital stay (p=NS):

· Aprotinin = 9.3 ± 3.5 days

· Control = 8.4 ± 3.2 days 

Mean days in ICU (p=NS):

· Aprotinin = 1.9 ± 1.6  days

· Control = 1.7 ± 1.5 days 

DVT (p=NS):

· Aprotinin = 4.9%

· Control = 0% 

	Urban (2001)
	Randomized controlled trial
	N = 55

Mean age: 47 yrs

NR % male
	Same day anteroposterior spinal fusion, received Amicar (n = 17), aprotinin (n = 20) or none (n = 18)
	Amicar 5g load over 30 min, followed by 15 mg/kg/hr; aprotinin 1x106 KIU load over 30 min, followed by 0.25x106 KIU/hr
	Mean total blood loss (p<.01):

· Amicar = 4056 ml 

· Aprotinin = 3628 ml 

· Control = 5181 ml 

Mean transfused RBC units:

· Amicar = 5 ± 2

· Aprotinin =  4 ± 1

· Control =  6 ± 2

Mean transfused pints platelets:

· Amicar = 1

· Aprotinin = 0

· Control = 3
	In ICU > 48 hrs:

· Amicar = NR

· Aprotinin = 15% (n = 3)

· Control =  39% (n = 7)



	Wong (2008)
	Randomized controlled trial
	N = 147

Mean age: 54 yrs

32% male
	Posterior thoracic or lumbar instrumented spinal fusion, received either tranexamic acid (n = 73) or placebo (n = 74), randomly stratified for # 

vertebral levels fused
	Tranexamic acid bolus 10 mg/kg load, followed by 1 mg/kg/hr infusion
	Mean perioperative blood loss (p<.02):

· Tranexamic acid = 3079 ± 2558 ml

· Placebo = 4363 ± 3030 ml

Perioperative packed RBC transfusion:

· Tranexamic acid = 31% (n = 23)

· Placebo = 40% (n = 30)

Perioperative autologous blood transfusion:

· Tranexamic acid = 32% (n = 24)

· Placebo = 36% (n = 27)

Perioperative C S blood:

· Tranexamic acid = 45% (n = 33)

· Placebo = 63% (n = 47)
	Mean length of hospital stay:

· Tranexamic acid = 9.2 days

· Placebo = 8.5 days

Factors associated with perioperative blood loss:

· Placebo (not tranexamic acid)

· > 5 levels fused

· Longer surgery duration




TLIF = transforaminal lumbar interbody fusion; perioperative = intraoperative + 24 hr postoperative;Hgb = hemoglobin.

