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Table 1.  Level of Evidence grade for studies reporting rate and outcomes of vascular injury secondary to anterior lumbosacral surgery
	Methodological Principle
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Table 2.  Studies reporting frequencies for and outcomes of vascular injury.

	Author

(Year)
	Study 

Design
	Population
	Approach
	Treatment
	Frequency or mean of occurrence
	Risk Factors and Outcomes

	Baker (1993)
	Retrospective case-series
	N = 102

Mean age: 44 yrs

60% male
	Anterior retroperitoneal approach: hypogastric paramedian or anterolateral muscle splitting
	Anterior lumbar spine surgery, diagnoses: DDD, pseudoarthrosis, postlaminectormy syndrome, spinal stenosis, spondylolisthesis, herniated nucleus pulposus, Charcot spine, or discitis
	· Vascular complications = 15.6% (n=16; 11 tears of the common iliac vein, 4 tears of the inferior vena cava, 1 tear of iliolumbar vein; anterior interbody arthrodesis for all procedures with vascular complications)

· Vascular complications with hypogastric paramedian approach: 18.4% (n=14/76)

· Vascular complications with anterolateral approach: 7.7% (n=2/26)
	· Vascular surgeons performed approach procedures

	Bertagnoli (2005)
	Case-series
	N = 29

Mean age: 49 yrs (30-60)

60% male (15/25)

smokers: 24%


	Standard left sided median retroperitoneal approach for all levels
	· Prodisc 

· triple segmental 

L3-L4, L4-L5, L5-S1 n = 10

· double segmental:

L4-L5, L5-S1 n = 8

L3-L4, L4-L5 n = 5

L2-L3, L4-L5 n = 1

L3-L4, L5-S1 n = 1

· disabling and recalcitrant discogenic low back pain

· minimal radicular pain secondary to multilevel lumbar disc disease from L1 to S1


	· no cases of vascular injury, (0%)
	

	Bertagnoli (2005)
	Case-series
	N = 118

Median age: 47.5 yrs

45% male (n = 47/104)

smokers: 31%
	Right sided median retroperitoneal approach to L5-S1

Left-sided median retroperitoneal approach all other levels
	· Prodisc

· Level of surgery

L5-S1 n = 80

L4-L5 n = 17

L3-L4 n = 7

· disabling discognic low back pain

· with or without radicular symptoms

· DDD
	· no vascular injury (0%)
	

	Bianchi (2003)
	Retrospective case-series
	N = 72

Mean age: 51 yrs

44% male
	Anterior retroperitoneal LS spine exposure
	Lumbar spondylosis
	· Iliac vein laceration = 1.4% (n=1)

· Femoral vein thrombosis = 1.4% (n=1)
	· No deaths

· Procedures performed by neurosurgeon with assistance from vascular surgeon

	Blumenthal 2005


	RCT
· assignment via central computer

· 2:1 allocation

· noninferiority

· multicenter


	N = 304
  n = 205 (ADR)

  n = 99 (fusion)
Mean age: years (sd)

ADR: 39.6 yrs (8.2)

fusion: 39.6 yrs (9.1)

52% male 

	Open anterior retroperitoneal approach as described by Geisler;  standard approach
	· Charité artificial disc via the anterior retroperitoneal approach
· ALIF with BAK cages at 1 or 2 contiguous levels
· symptomatic DDD confirmed by discogram
· single level L4-5 (n = 61) or L5-S1 (n = 144)


	· Vein thrombosis n = 2/205 (1%) in investigational; n = 0 in control

· DVT: 0 (0%) both groups

· Venous injury: n = 9/205 (4.4%) in investigational; n = 2/99 (2%) in control

· Arterial thrombosis 0% both groups
	

	Brau (2002)
	Retrospective case-series
	N = 686

Age range: 19-84 yrs

50.3% male
	Mini-open, retroperitoneal approach to the lumbar spine
	ALIF
	· Arterial thrombosis = 0.8% (n=6; 4 iliac, 2 common femoral)

· Left common iliac venous injury = 0.8% (n=6)

· DVT = 1.0% (n=7)

· PE = 0%
	· 1 vascular surgeon performed access to lumbar spine

	Brau (2004)
	Retrospective case-series
	N = 1310

Age range: 18-84 yrs

49% male
	Mini-open, retroperitoneal approach
	Anterior lumbar surgery for ALIF or total disc replacement 
	· Left iliac artery thrombosis = 0.5% (n=6)

· Major vein laceration = 1.5% (n=19; 16 left common iliac vein, 1 crotch of inferior vena cava, 2 right lumbar veins)
	· All left iliac artery thromboses had L4-5 exposure 

· No late sequelae attributable to vein injuries or resulting blood loss requiring transfusion

· 1 vascular surgeon performed access to lumbar spine

	Brau (2008)
	Retrospective case-series
	N = 62

Age range: 31-67 yrs

45% male
	Retroperitoneal approach
	Prior ALIF or TDR, underwent anterior revision spinal surgery 
	· Venous injury = 4.8% (n=3; 1 revision for pseudoarthrosis, 1 while removing artificial disc, 1 during surgical approach)

· Arterial injury = 4.8% (n=3, all occurred while attempting TDR at L3-L4 as part of revision surgery)
	· No sequelae or deaths

· 1 vascular surgeon performed access to lumbar spine

	Brewster (2008)
	Retrospective case-series
	N = 128

Mean age: 41 yrs

74% male
	Retroperitoneal (n=125) or transperitoneal (n=3) approach
	Anterior spinal fusion, anterior (n=92) or anterior/posterior (n=36) procedures, L4-L5/S1 (n=53) or L5/S1 (n=74)
	· Vein injury = 5.4% (n=7)

· PE = 0.8% (n=1)
	LOS (p>.05):

· Vein injury: 3 ± 1.4 days

· No vein injury: 2.3 ± 1.1 days

· Accessing L4 not associated with increased vein injury 

	Caspi (2003)
	case-series (IV)

Israel
	N = 20
Age range: 24-50 years
55% male

 
	anterior retroperitoneal approach
	· Charite SB III ADR via anterior retroperitoneal approach

· number of levels:

monolevel: n = 17

bilevel: n = 3
· low back pain with or without radicular pain


	· arterial thrombosis, n = 1 (5.0%) 
	

	Chung  (2006)
	case-series (IV)

Seoul, Korea


	N = 38

Mean age: 43 years (25-58)

44% male


	Anterior retroperitoneal approach with minimal incision
	· ADR with ProDisc II

· number of levels

monolevel: n = 25

bilevel: n = 11

· spinal segments

L3-4: n = 2

L4-5: n = 24

L5-S1: n = 25

· symptomatic DDD at 1 or 2 levels

· primary complaint of back pain


	· major vein injury, n = 2/36 (5.6%)
	1 surgeon did TDR (SSC)

	Chung (2003)
	Randomized controlled trial
	N = 44

Mean age: 50 yrs

25% male
	Anterior laproscopic transperitoneal (n=22) or extraperitoneal open mini-ALIF (n=22) approaches
	Anterior spinal fusion, diagnosis of L5-S1 DDD
	· DVT = 2.3% (n=1; extraperitoneal)

· Vascular injury = NR
	· General surgeon performed laproscopic procedure

	Cowles (2000)
	Retrospective case-series
	N = 75

Mean age: 43 yrs

43% male
	Anterior laproscopic transperitoneal (n=55) or open  retroperitoneal (n=20) approaches
	ALIF, diagnosis of DDD or spondylolisthesis
	· Iliac vein injury = 5.3% (n=4; transperitoneal)

· DVT = 2.7% (n=2; 1 transperitoneal,, 1 open)

· PE = 1.3% (n=1; converted to open)

 
	

	El Masry (2004)
	Retrospective case-series
	N = 47

Mean age: 56 yrs

40% male
	One-stage anteroposterior procedure, left anterior paramedian retroperitoneal approach
	Combined anterior interbody lumbar fusion using tricortical autogenous iliac bone graft with posterior pedicle screw fixation but without posterior fusion, diagnosis of DDD (n=32), previous discectomy (n=11) or previous: laminectomy (n=2), chemonucleolysis (n=1), posterolateral fusion (n=1)
	· Avulsion of iliolumbar vein = 2.1% (n=1)

· Injury to common iliac vein = 2.1% (n=1)
	

	Escobar (2003)
	Retrospective case-series
	N = 135

Median age: 43 yrs

37% male
	Open retroperitoneal flank incision (n=20), mini extraperitoneal approach (n=51), transperitoneal video-assisted insufflation technique (n=34), or video-assisted gasless retroperitoneal endoscopic technique (n=30)
	Underwent ALIF, diagnosis of degenerative disc disease, spondylolsthesis, or pseudoarthrosis of a previous lumbosacral fusion
	· Vascular injury = 3.0% (n=4; 2 insufflation transperitoneal technique—1 aorta, 1 common iliac vein laceration, 2 extraperitoneal—2 vein lacerations)

· Iliac vein thrombosis = 0.7% (n=1; experitoneal approach)
	· Orthopedic and general surgeons participated in all procedures

	Fantini (2007)
	Retrospective case-series
	N = 319

Mean age: 56 yrs

40% male
	Left paramedian, flank, pfannenstiel, lateral/posterolateral thoracotomy/

retroperitoneal
	Anterior lumbar spinal surgery
	· Major vascular injury = 1.9% (n=6: 1 spondylolisthesis, ALIF, left paramedian; 1 DDD, ALIF, left paramedian; 1 pseudoarthrosis, ALIF redo, pfannenstiel; 1 spondylolisthesis, ALIF, right flank; 1 multiple pseudarthroses, ALIF redo, right thoracoretroperitoneal; 1 pseudarthroses, ALIF, left flank)
	· No deaths

· Spine and vascular surgeons present for all cases

· Vascular repair performed by vascular surgeon

	Geerdes (2001)
	Retrospective case-series
	N = 30
	Laproscopic transperitoneal approach
	ALIF for DDD of levels L5-S1 (n=25), L4-5 (N=3) or both (n=2)
	· Iliac vein injury = 3.3% (n=1; L4-5 & L5-S1)

· Inferior mesenteric artery injury = 3.3% (n=1; L4-5)
	· No deaths

	Gumbs (2005)
	Retrospective case-series
	N = 64

Mean age: 43

55% male
	Open retroperitoneal (n=60) or anterior/posterior (n=4) approaches, L5-S1 (n=50) or L1-L5 (n=14)
	Anterior lumbar disk surgery for ALIF (n=40), ADR (n=22), NR (n=2)
	· Iliac venous injury = 3.1% (n=2)
	· No deaths

· Procedures performed by spine surgeon or neurosurgeon

	Hamdan (2008)
	Retrospective case-series
	N = 480

Mean age: 42 yrs

55% male
	Retroperitoneal (n=456), thoracolumbar (n=14), flank (n=6), thoracoabdominal (n=4), or transperitoneal (n=3) approaches*
	Anterior spine surgery, diagnosis of degenerative disc diseases, failed previous spinal fusion, scoliosis, degenerative joint disease, spondylolisthesis, pseudoarthrosis, spinal instability, spinal stenosis 
	· Minor vascular injury (suture required to control bleeding) = 9% (n=45)

· Major vascular injury (> 300cc blood loss) = 2% (n=9; 1 internal iliac artery, 1 common iliac artery, 3 common iliac vein, 3 internal iliac vein, 1 iliolumbar vein)
	Associated with increased risk of vascular injury:

· Exposure of L4-5 compared to other areas (p=.005)

	Kaiser (2002)
	Retrospective case-series
	N = 98

Mean age: 44 yrs

44% male
	Laproscopic transperitoneal (n=47) or mini-open laprotomy (n=51) approaches
	ALIF, diagnosis of DDD, spondylolisthesis, pseudoarthrosis
	· Vascular laceration = 3.1% (n=3; 2 with L5-S1, 1 L1-L5)
	· General surgeons provided access to anterior lumbar spine, neurosurgeon or orthopedic surgeon performed ALIF procedure

	Kozak (1994)
	Retrospective case-series
	N = 45

Age: NR

NR% male
	Not specified
	ALIF using femoral cortical allograft, diagnoses of postlaminectomy syndrome, disc disruption syndrome, or repair of unsuccessful fusion
	· Iliolumbar vein injury = 2.2% (n=1; L4-5 exposure)

· Vena cava laceration = 2.2% (n=1; L4-5 exposure)
	

	Kulkarni (2003)
	Retrospective case-series
	N = 220

Age: NR

NR% male
	Mini-open retroperitoneal (n=95) or transperitoneal (n=125) approaches
	ALIF
	· Arterial thrombosis = 2.3% (n=5; 3 retroperitoneal, 2 transperitoneal)

· Arterial vasospasm = 0.9% (n=2 retroperitoneal)

· Occlusive intimal tear = 0.5% (n=1 transperitoneal)
	· Death secondary to rhabdomyolysis = xx% (n=1; arterial thrombosis, retroperitoneal approach)

	Kuslich (1998)
	Prospective case-series
	N = 591

Age range: 

19-73 yrs

NR% male
	Anterior open approach
	Bagby and Kuslich (BAK) ALIF surgery, diagnosis of DDD, spondylylolisthesis or retrolisthesis at 1-2 contiguous levels of lumbar spine
	· Vessel damage, bleeding = 1.7% (n=10)
	

	Lemaire (2005)
	case-series (IV)

question 5: prospective cohort (III)

France
	N = 100

Mean age: 39.6 yrs (24-51)
41% male

 
	· left-sided anterior retroperitoneal approach as described by Hochschuler et al


	· Charité SB III ADR via the anterior retroperitoneal approach

· number of levels:

monolevel: n = 54

bilevel: n = 45

trilevel: n = 1

· spinal segment:

L3-4: n = 6

L4-5: n = 69

L5-S1: n = 72

· DDD with intractable low back pain

	· vessel laceration, n = 2 (1.9%)
	

	Mahvi (1996)
	Prospective case-series
	N = 20

Mean age: 40 yrs

55% male
	Laproscopic retroperitoneal approach
	ALIF for DDD
	· Arterial injury = 5% (n=1; middle sacral artery)

· Venous injury = 5% (n=1; common iliac vein)
	· Open repair of vascular injuries, no transfusions

	Rajaraman (1999)
	Retrospective case-series
	N = 60

Mean age: 42 yrs

52% male
	Retroperitoneal (n=57), transperitoneal (n=3)


	ALIF, diagnoses: discogenic back pain (n=33), failed back syndrome (n=11), pseudoarthrosis (n=5), postlaminectomy syndrome (n=4), spondylolisthesis (n=3), fracture (n=2), tumor (n=2)
	· Major venous injury: 1.7% (n=1)

· Minor venous injury: 5.0% (n=3)


	· No deaths

	Regan (1999a)
	Retrospective case-series
	N = 58

Mean age: 43 yrs

69% male
	Transperitoneal approach 
	Laproscopic ALIF at L4-L5 level using BAK fusion cages, diagnoses: DDD and/or postlaminectomy syndrome
	· Bleeding from segmental veins = 5.2% (n=3)
	· Spine and laproscopic surgeons performed procedures

	Regan (1999b)
	Prospective case-series
	N = 520

Mean age: 41 yrs

51% male
	Laproscopic transperitoneal (n=215) or open (n=305) approaches
	ALIF using the BAK system, diagnosis of DDD
	· Iliac vein laceration =0.7% (n=4; transperitoneal)

· Excessive bleeding = 0.4% (n=2; transperitoneal)

· Great vessel damage = 0.4% (n=2; open)

· DVT = 0.2% (n=1; transperitoneal)

· PE = 0.2% (n=1; open)
	· Procedures required the assistance of a general or vascular surgeon

	Rodriguez (2002)
	Retrospective case-series
	N = 45

Mean age: 41 yrs

51% male
	Laproscopic transperitoneal (n=31) or open (n=34) approaches
	ALIF
	· Major venous injury = 2.2% (n=1)

· Bleeding (not specified) = 4.4% (n=2)
	

	Sasso (2004)
	Randomized controlled trial
	N = 140

Mean age: 41 yrs

45% male
	Transperitoneal or retroperitoneal approaches
	Single-level anterior spinal fusion using INTER FIX device (n=78) or femoral ring allograft (n=62), diagnosis of DDD
	· Intraoperative vascular event = 7.9% (n=11; 9 INTER FIX, 2 allograft)

· Postoperative vascular event = 2.1% (n=3; 1 INTER FIX, 2 allograft)
	

	Sasso (2005)
	Retrospective case-series
	N = 471

Mean age: 42 yrs

52% male
	Transperitoneal or retroperitoneal approaches
	ALIF using threaded (n=228) or nonthreaded (n=243) devices
	· Arterial injury =  0.6% (n=3 iliac artery; 2 threaded, 1 nonthreaded)

· Venous injury = 1.1% (n=5; 4 iliac vein, 1 iliolumbar vein; all threaded)

· DVT = 0.4% (n=2; threaded) 
	· Procedures performed by orthopedic spine surgeons or neurosurgeons with assistance of vascular surgeons

	Scaduto

(2003)
	Retrospective case-series
	N = 88

Mean age: 43 yrs

34% male
	Retroperitoneal or transperitoneal approach for all ALIF procedures
	DDD; Anterior

instrumented lumbar interbody fusions
	· DVT = 2% (n=2)


	· General or vascular surgeon performed exposure of spine 

	Shim (2007)
	retrospective cohort (III)

Seoul, Korea
	N = 61

Charite: n = 33

ProDisc: n = 24

(data available on 57 patients followed)

Mean age: 44 yrs (31-66)

Charite: 44 years (31-63)

ProDisc: 44 years (31-66) 

53% male 

Charite: 52%

ProDisc: 545

 
	Details of surgery not provided
	· ADR with Charite or ProDisc

· number of levels

monolevel: n = 50

bilevel: n = 7

· spinal segment

L4-5: n = 36

L5-S1: n = 14

L4-5/L5-S1: n = 7

· DDD

· low back pain


	· tear of the great vein during surgical approach, n = 2 (6.7%)
	

	Tiusanen (1996)
	Retrospective case-series
	N = 83

Mean age: 44 yrs

36% male
	Transperitoneal approach
	ALIF, diagnoses of postlaminectomy instability, unsuccessful posterior fusion, spondylolisthesis, degenerative instability
	· Major venous injury = 13.3% (n=11; 10 at L4-5 level)

· Minor venous injury = 4.8% (n=4)

· DVT = 4.8% (n=4)
	

	Tropiano (2005)
	case-series (IV) 

Caselnau-le-Lez, France
	N = 64

mean age:  46 yrs (25-65)

55% male


	Anterior surgical approach:

· retroperitoneal: n = 45 

· transperitoneal: n = 10


	· ADR with first-generation Prodisc

· approach retroperitoneal: n = 45 transperitoneal: n = 10

· number of levels

monolevel: n = 35

bilevel: n = 17

trilevel: n = 3

· spinal segment

L3-4: n = 8

L4-5: n = 43

L5-S1: n = 28

· symptomatic DDD confirmed by any of several radiographic criteria

· discogenic back pain
	· DVT, n = 1 (1.6%)

· iliac vein laceration, n = 1 (1.6%)
	

	Wagner (2006)
	Retrospective case-series
	N = 19

Mean age: 49 yrs

58% male
	Anterior, transperitoneal, lateral transpsoas
	Charite ADR devices requiring reoperation for displacement or subsidence; revision ADR (n=3), ALIF (n=1) or ALIF & PSF (n=15)
	· Left iliac vein injury = 5% (n=1; transperitoneal at L5-S1, underwent ALIF and PSF)
	· No DVTs or deaths

	Xu (2004)
	case-series (IV)

China
	N = 34
Mean age: 41.1 yrs (21-65)
59% male


	anterior extra-peritoneal approach
	· Charite SB III ADR via anterior extra-peritoneal approach
· number of levels:

monolevel: n = 27

bilevel: n = 7
· spinal segment:

L3-5: n = 2

L4-5: n = 18

L5-S1: n = 7

L3-4, L4-5: n = 1

L4-5, L5-S1: n = 6
· DDD
	· laceration in iliac vein, n = 1 (2.9%) 
	

	Zdeblick (2000)
	Prospective cohort
	N = 50

Mean age: 41 yrs

48% male
	Transperitoneal laproscopic spinal fusion (n=25) or open mini-ALIF retroperitoneal fusion (n=25)
	1- or 2-level ALIF at L4-L5 level, diagnoses of DDD, internal disc derangement or pseudarthrosis,
	· Iliac vein laceration = 2.0% (n=1; transperitoneal)

· DVT = 2.0% (n=1; transperitoneal)
	

	Zeegers (1999)
	Case-series
	N = 50

Mean age: 43 years (24-59)

40% male


	Anterior retroperitoneal approach
	· Link SB Charite

· 75 disc prostheses in 50 patients

One level n = 29

Two levels n = 18

Three levels n = 3

· operated level include:

L5-S1 n = 8

L4-L5 n = 16

L4-S1 n = 12

L3-S1 n = 5

L3-L5 n = 5

L5-S1 and L3-L4 n = 1

· medically refractory lumbar discopathies


	· aortal lesion at removal of prosthesis n = 1 (2%)

· deep venous thrombosis n = 1 (2%)


	

	Zigler (2007)


	RCT (II)

· randomization held by sponsor until individual enrolled

· 2:1 allocation

· noninferiority

multicenter
	N = 236

  n = 161 (ADR)

  n = 75 (fusion)

Mean age: years (sd)

  ADR: 40.4 yrs (7.6)

  fusion: 38.7 yrs (8.0)

49% male


	Standard mini-open retroperitoneal approach
	· ProDisc-L total disc replacement per IDE No. G010133

· circumferential fusion

· symptomatic DDD confirmed by any of several radiographic confirmations

· single level L3-S1


	· major vessel injury ADR: 0 (0%)

· DVT  ADR: 2 (1.2%), fusion:1 (1.5%)
	


ADR = artificial disc replacement, ALIF = anterior lumbar interbody fusion, DDD = degenerative disc disease, DVT = deep vein thrombosis, NR = not reported, PE = pulmonary embolism, RCT = randomized controlled trial.

*Number of approaches = 483.

