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Table 1.  Level of Evidence grade for studies assessing complication rates and risk factors for cervical spine surgery.

	Methodological Principle
	Boakye

(2008)
	Cook

(2008)
	Fountas

(2007)
	Wang

(2007)
	Zeidman

(1997)
	Patil

(2005)
	Shamji

(2009)

	Study design
	
	
	
	
	
	
	

	Prospective cohort study
	
	
	
	
	
	
	

	Retrospective cohort study
	(
	(
	(
	(
	(
	(
	(

	Case-control
	
	
	
	
	
	
	

	Patients at similar point in the course of their disease or treatment
	(
	(
	(
	(
	(
	(
	(

	Patients followed long enough for outcomes to occur
	(
	(
	(
	(
	(
	(
	(

	Complete follow-up of >80%
	(
	(
	(
	(
	(
	
	(

	Controlling for extraneous prognostic factors*
	(
	(
	
	(
	
	(
	(

	Evidence Level
	II
	II
	III
	II
	III
	III
	II


* Authors must provide a description of robust baseline characteristics, and control for those that are potential prognostic factors.
Table 2.  Level of Evidence grade for studies assessing complication rates and risk factors for thoracic spine surgery.

	Methodological Principle
	Faciszewski

(1995)
	Fessler

(1998)
	Taylor

(2006)
	Verlaan

(2004)

	Study design
	
	
	
	

	Prospective cohort study
	
	
	
	

	Retrospective cohort study
	(
	(
	(†
	(†

	Case-control
	
	
	
	

	Patients at similar point in the course of their disease or treatment
	(
	(
	(
	(

	Patients followed long enough for outcomes to occur
	(
	(
	(
	(

	Complete follow-up of >80%
	(
	
	(
	(

	Controlling for extraneous prognostic factors*
	(
	
	(
	(

	Evidence Level
	II
	III
	II
	II


†Systematic review 

* Authors must provide a description of robust baseline characteristics, and control for those that are potential prognostic factors.
Table 3.  Level of Evidence grade for studies assessing complication rates and risk factors for lumbar spine surgery.

	Methodological Principle
	Ciol

(1994)
	Deyo

(1992)
	Hu

(1997)
	Kardaun

(1990)
	Li

(2008)
	Martin
(2007)
	Oldridge

(1994)
	Rampersaud

(2006)
	Taylor

(1996)
	Turner

(1992)
	Wiese

(2004)
	Malter

(1998)

	Study design
	
	
	
	
	
	
	
	
	
	
	
	

	Prospective cohort study
	
	
	
	
	
	
	
	
	
	
	
	

	Retrospective cohort study
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(†
	(
	(

	Case-control
	
	
	
	
	
	
	
	
	
	
	
	

	Patients at similar point in the course of their disease or treatment
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Patients followed long enough for outcomes to occur
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Complete follow-up of >80%
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	
	(

	Controlling for extraneous prognostic factors*
	(
	(
	(
	(
	(
	(
	(
	
	(
	(
	(
	(

	Evidence Level
	II
	II
	II
	II
	II
	II
	II
	III
	II
	II
	III
	II


†Systematic review of retrospective cohort studies

* Authors must provide a description of robust baseline characteristics, and control for those that are potential prognostic factors.
Table 4.  Level of Evidence grade for studies evaluating the association between complications and patient centered outcomes.

	Methodological Principle
	Glassman

(2007)

	Study design
	

	Prospective cohort study
	

	Retrospective cohort study
	

	Case-control
	(

	Patients at similar point in the course of their disease or treatment
	(

	Patients followed long enough for outcomes to occur
	(

	Complete follow-up of >80%
	(

	Controlling for extraneous prognostic factors*
	(

	Evidence Level
	II


* Authors must provide a description of robust baseline characteristics, and control for those that are potential prognostic factors.

Table 5. Study characteristics and complication rates for large cervical spine surgery studies.

	Author

(Year)
	Study Design
	Population
	Treatment
	Diagnosis
	Complications*


	Complication rates†


	Boakye12
(2008)
	Retrospective cohort
	N = 58,115

51% aged 45 to 64

58% male

National Inpatient Sample database

1993-2002
	Anterior and Posterior 

Fusion
	Spondylosis and spondylotic myelopathy
	w/o myelopathy/w/myelopathy (%):
Pulmonary = 1.4/3.6

Hemorrhage/hematoma = 1.2/2.3

Renal = .9/1.5

Cardiac = .5/1.2

DVT + PE = .25/.73

Neurological = .27/.71

Infection = .15/.73

Dysphagia = 1.4/2.7

Hoarseness = .1/.22

Carotid or vertebral injury = 0/0
	Overall mortality rate = .6%

Complication rate 

By disease:
Spondylosis = 6.3%

Myelopathy = 13.4%
· The following factors were associated with increased complication rates:

· Age (≥ 85 yrs)

· Comorbidity (3 or more)

· Posterior fusion (versus anterior)

	Cook13
(2008)
	Retrospective cohort
	N = 34,300 w/o diabetes

N=3,432 w/diabetes

Diabetes: 

mean age: 61 yrs

59% male

No Diabetes: 

mean age: 54 yrs

56% male

National Inpatient Sample database

1988-2004
	Fusion

(approach not reported)
	Cervical spondylotic myelopathy
	By no diabetes/diabetes (%):
CNS = .45/.61

CSF leak = .4/.5

Respiratory = .1/.06

Cardiac = 1.6/2.5

Peripheral vascular = .05/.2

Carotid or vertebral = .08/.15

Hematoma = .94/1.4

Transfusion = 1.4/2.1

Procedural = .54/.70

Operative wound = .08/.09

Infection = .29/.26

Hoarseness = .15/.17

Dysphagia = 1.8/3.0
	Overall mortality rate = .46%
Overall complication rate = 10.4%
Diabetes:
Mortality rate = .61%
Complication rate = 15.2% 

No Diabetes:
Mortality rate = .45%
Complication rate = 9.5%

	Fountas17 

(2007)
	Retrospective cohort
	N=1,015

Mean age: 56 yrs

54% male

Medical records
	Anterior cervical discectomy and fusion
	Radiculopathy and/or myelopathy due to DDD or spondylosis
	Dysphagia = 9.5%

Hematoma = 5.6%

Laryngeal nerve palsy = 3.1%

Reoperation = 2.4%

Dural penetration = .5%

Esophageal perforation = .3%

Worsening myelopathy = .2%

Horner’s syndrome = .1%

Instrumentation backout = .1%

Superficial wound infection = .1%


	Overall mortality rate = .1%

Overall complication rate = 19.3%

	Wang14
(2007)
	Retrospective cohort
	N=932,009

48% aged 35-49 yrs

53% male

National Inpatient Sample database

1992-2001
	Fusion, decompression

anterior, posterior, and combined procedures
	Herniated disc, spondylosis w/ and w/o myelopathy, stenosis
	Cardiac = .54%

Respiratory = .67%

Peripheral vascular = .02%

CNS = .19%

Hematoma = .39%

Accidental cut = .16%

Operative wound = .03%

Infection = .11%

CSF leak = .13%

Carotid or vertebral = .06%

Hoarseness = .14%

Dysphagia = .75%
	Mortality rate = .14%
Overall complication rate =  5.0%
By age:

20-34 = 2.2%

35-49 = 2.7%

50-64 = 4.2%

65-74 = 7.7%

≥ 75 = 12.1%

	Zeidman18 (1997)
	Retrospective cohort
	N=4,589

Sex and mean age not reported

CSRS registry


	Anterior discectomy, discectomy w/fusion, corpectomy, laminectomy, posterior fusion, laminoplasty, plating
	Spondylosis, disc herniation, trauma, OPLL, tumor, RA, AS
	Anterior bone graft failure = 2.1%

Posterior bone graft failure = .3%

CSF leak = .4%

Laryngeal nerve injury = .2%

Nerve root injury = .6%

Quadriplegia = .4%

Infection = .5%

Death = .8%
	Mortality rate = .8%
Overall complication rate = 5.0%



	Patil

(2005)
	Retrospective cohort
	N=166,210

Cervical spine procedures in 1990:

n=53,810

Mean age: 47.5 years

55.2% male

Cervical spine procedures in 2000:

n=112,400

Mean age: 49.2 years

51.5% male

Nationwide Inpatient Sample (NIS) database


	Anterior fusions, posterior fusions, nonfusion decompressive procedures
	Principal diagnosis of cervical spine disease
	Length of stay:

1990 = 5.2 days

2000 = 2.2 days

Hospital charge (inflation-adjusted):

1990 = $12,490

2000 = $18,435
	Mortality:

1990-1994 = 2.1 per 1000 hospitalizations

1995-1999 = 1.4 per 1000 hospitalizations

Perioperative complication rate:

1990 = 2.4%

2000 = 3.0%




	Shamji

(2009)
	Retrospective cohort
	N = 8,548 multilevel 

(4 to 8 levels) cervical fusion

Anterior cervical approach (n = 6,091)

Mean age: 55 ± 11

48.8% male 

Posterior cervical approach (n = 2,457)

Mean age: 61 ± 12

56% male

Nationwide Inpatient Sample (NIS) database


	Anterior cervical approach and posterior cervical approach
	Degenerative disc disease
	Anterior approach:

CSF leak = 0.05%

Respiratory complications = 1.26%

Cardiac complications = 0.46%

Vascular injury = 0.10%

Hematoma = 0.80%

Transfusion = 1.38%

Procedural complications = 0.56%

Wound complications = 0.08%

Postoperative infection = 0.13%

Hoarseness = 0.36%

Dysphagia = 3.63%

Nonroutine discharge = 13.04%

Length of stay = 2.61 days

Inflation-adjusted cost = $43,217

Posterior approach:

CSF leak = 0.08%

Respiratory complications = 3.54%

Cardiac complications = 1.34%

Vascular injury = 0.28%

Hematoma = 2.12%

Transfusion = 7.20%

Procedural complications = 0.98%

Wound complications = 0.08%

Postoperative infection = 0.98%

Hoarseness = 0.33%

Dysphagia = 1.87%

Nonroutine discharge = 46.43%

Length of stay = 5.98 days

Inflation-adjusted cost = $71,632


	Mortality:

Anterior approach = 0.33%

Posterior approach = 0.69%

Overall complication rate not reported

Mortality not associated with surgical approach.  

 (Odds ratio = 0.67, 95% CI, 0.31, 1.40; P = 0.29)

Respiratory complications, hematoma, transfusion, postoperative infection, dysphagia, and nonroutine discharge all statistically significant in the posterior approach versus anterior approach (P < 0.001).




*not including mortality

†risk factors included if reported

DVT = Deep venous thrombosis

PE = Pulmonary embolism  

CNS = Central Nervous System 

CSF = Cerebral Spinal Fluid

DDD = Degenerative disc disease

OPLL = Ossified Posterior Longitudinal Ligament

RA = Rheumatoid Arthritis

AS = Anklylosing Spondylitis

CSRS = Cervical Spine Research Society

Table 6. Study characteristics and complication rates for large thoracic spine surgery studies.

	Author

(Year)
	Study Design
	Population
	Treatment
	Diagnosis
	Complications*
	Complication Rates†

	Faciszewski19
(1995)
	Retrospective cohort
	N=1152

Mean age: 42 yrs

40% male
	Anterior fusion, posterior fusion, combined anterior and posterior
	Scoliosis, DDD, trauma, spondylolisthesis, failed surgery, Scheuermann’s kyphosis, spinal stenosis, infection, other
	Aortic laceration = .08%

Deep infection = .57%

Nerve root injury = .54%

Superficial infection = .98%

Horner-Bernard Syndrome = 7.2%
Pleural effusion = 3.0%
Pneumothorax = 1.8%

Post-thoracotomy pain syndrome = 9.2%

Abdominal hernia = 1.2%

Post sympathectomy syndrome = .43%

Lumbar plexus injury = .10%

Ureteral laceration = .10%

Retroperitoneal lymphocele = .10%

Impotence = .80%

Retrograde ejaculation = .54%
	Mortality rate = .3%

Complication rate = 11.5%

Relative risk based on risk factors:

≥60 years = 2.0 (p=.002)

Female = 1.3 (p=.05)

≥2 comorbidities = 1.3 (p=.04)

	Taylor20
(2006)
	Systematic Review of retrospective cohort studies
	N=3,029

Kyphoplasty:

Mean age: 71 yrs

29% Male

Vertebroplasty:

Mean age: 71 yrs

27% Male
	Balloon kyphoplasty and vertebroplasty
	Thoracic compression fractures
	See next column
	Kyphoplasty: 

Mortality rate = 7.4%

Cement leakage

   Overall = 8%

   Symptomatic = 0%

New fracture

    Overall = 20.3%

    Adjacent = 14.5%

Adverse events

   PE = .3%

   SCC = 0%

   Radiculopathy = .3%

Vertebroplasty

Mortality rate = 6.4%

Cement leakage

   Overall = 40%

   Symptomatic = 3%

New fracture

    Overall = 10.2%

    Adjacent = 7.2%

Adverse events

   PE = 1.8%

   SCC = .5%

   Radiculopathy = 2.5%

	Verlaan21
(2004)
	Systematic Review 
	Total N = 4304

PS: n=1508

PL: n=1514

PSL: n=674

A: n=457

AP: n=151

Mean age: 33-34 yrs

69-74% Male


	PS=Posterior short segment 

PL: Posterior long segment 

PSL: Posterior short and long segment 

A: Anterior

AP: Anterior and posterior

	Thoracic and Lumbar Fractures
	Most common complications:
Temporary neuro deterioration = .7%

DVT = 1%

PE = .5%

Superficial infection = 1.2%

Deep infection = 1.7%

Implant malposition = 3.3%

Early implant failure = 2.8%

Miscellaneous = 6.5%
	General complication rate = 17.8%

PS = 11.8%

PL = 22.4%

PSL = 21.4%

A = 18.6%

AP = 11.9%

Misc. complication rate = 6.6%

PS = 2.9%

PL = 9.4%

PSL = 4.8%

A = 12.2%

AP = 4.6%


*not including mortality

†risk factors included if reported

DDD = Degenerative Disc Disease

PE = pulmonary embolism  

SCC = spinal cord compression 

Table 7.  Study characteristics and complication rates for large lumbar spine surgery studies.

	Author

(Year)
	Study Design
	Population
	Treatment
	Diagnosis
	Complications
	Complication Rates*

	Ciol9
(1994)
	Retrospective Cohort
	N=27,111

42.9% male

Mean age: 72 yrs

Medicare Inpatient Health Care Financing Administration

1985
	Discectomy, laminectomy, fusion, combinations
	Herniated disc, spinal stenosis, DDD, instability, miscellaneous
	Reoperation only reported
	Reoperation rate = 10.2%

The following factors were associated with increased reoperation rates:

· Younger age 

· Previous back surgery

· White race

· Herniated disc (compared to other dx)

	Deyo23
(1992)
	Retrospective Cohort
	N = 18,122 
59% male

Mean age: 48 yrs

WA state Commission Hospital Abstract Reporting System (CHARS)

1986-1988
	Laminectomy, discectomy, spinal arthrodesis, reopening of a laminectomy site, removal of an internal fixation device, or lysis of adhesions of the spinal cord and nerve roots
	Herniated disc, spinal stenosis, disc degeneration
	Unspecified = 2.5%
Accidental cut/hemorrhage = 1.6%

Device or graft = 1%

Hemorrhage or hematoma = 1%

Gastrointestinal = .9%

Urinary tract = .9%

Respiratory/PE = .9%

Cardiac/acute MI = .5%

Infection = .4%

CNS = .3%
	Mortality rate = .07%, 
Overall complication rate = 9.1%

By ages:

18-40 = 6.4%

41-64 = 8.7%

65-74 = 14.6%

≥ 75 = 17.7%

	Hu29
(1997)
	Retrospective Cohort
	N = 4,722

Gender and mean age not provided for whole population

Canadian Institute for Health Information discharge data

1990-1991
	Laminectomy, discectomy, fusion, laminectomy and discectomy, fusion and decompression
	Herniated disc, DDD, stenosis, instability
	Not listed
	Overall reoperation rate = 9.5%
Overall complication rate = 3.9%

By procedure:
Laminectomy = 4.6%

Discectomy = 2.2%

Fusion = 9.4%

Laminectomy and discectomy = 2.1%

Fusion and decompression = 7.7%

	Kardaun26 (1990)
	Retrospective Cohort
	N=3,289

Sex and mean age not reported

National Hospital Discharge Survey (NHDS)

1980-1985
	Discectomy
	Disc herniation
	Highly likely to be result of Tx:
PE = .03%

Cauda equina syndrome = .8%

Abnormal reactions = .5%

Adverse drug reactions = .3%
	Mortality rate = .1%

Overall complication rate = 3.7%

By comorbidity†:

Obesity = 15.2%

Hypertension = 13.0%

Diabetes = 10.7%

	Li27
(2008)
	Retrospective Cohort
	N=471,215

50.1% male

Mean age: 67 yrs

National Inpatient Sample Database

1993-2002


	Laminectomy without fusion


	Spinal stenosis
	Neurologic = .7%

Renal = 2.8%

Cardiac = 1%

PE/DVT = .4%

Infection = .3%

Pulmonary = 1.6%

Hematoma = 5.2%


	Mortality rate = .17%

Overall complication rate = 12.2%

By ages:

0-17 = 9.9% ; 18-44 = 6.8%; 45-64 = 7.9%; 65-84 = 12.1%; >85 = 15%

By number of comorbidities:
0 = 9.4%; 1 = 10.5%; 2 = 11.5%

3 or more = 14.4%

	Martin10
 (2007)
	Retrospective Cohort
	N = 24,882 
58% male

Mean age: 50 yrs

WA state Commission Hospital Abstract Reporting System (CHARS)

1990-1993
	Decompression and fusion
	Disc degeneration, disc herniation, spinal stenosis, and spondylolisthesis
	Reoperation only reported
	Reoperation rate‡ = 19.0% 

The following factors were associated with increased reoperation rates:

· Worker’s compensation

· Younger patients (<60 years)



	Oldridge22 

(1994)
	Retrospective Cohort
	N=34,418


43.6% Male

Median age: 73 yrs

Medicare inpatient Health Care Financing Administration

1986


	Decompression, excision, decompression plus excision, fusion plus fusion combinations
	Spondylosis, disc pathology, stenosis, spondylolisthesis
	Mortality only reported
	In-hospital mortality rate = 0.52%

By gender:

Male = 0.72%; Female = 0.37%

1-year mortality rate = 3.5%

Increased significantly at 80 years of age and more common with:

· Decompression and excision

· Male gender

· Increase comorbidities

	Taylor24
(1996)
	Retrospective Cohort
	N=4,176

Worker’s comp:

79% male

68% 30-49 yrs

No worker’s comp:

56% male

67% 30-49 yrs

WA state Commission Hospital Abstract Reporting System (CHARS)

1988-1991
	Discectomy, laminectomy, fusion
	Herniated disc, DDD, instability, stenosis
	Reoperation only reported
	Overall reoperation rate = 12.8%

By compensation coverage:
Worker’s compensation = 18%

No worker’s compensation = 10%


	Turner38
(1992)
	Systematic Review
	N=~4,000

53% male

Mean age: 43 years
	Fusion
	Herniated disk, spondyloslisthesis, DDD, degenerative scoliosis, pseudarthrosis, post-laminectomy pain, stenosis
	Deep infection = 1.5%
Superficial infection = 1.6%

DVT = 1.6%

PE = 2.2%

Neural injury = 2.8%

Donor site complication = 10.8%

Graft extrusion = 2%

Instrumentation failure = 7.3%

Other = 8.7%
	Mortality rate = .2%

Overall complication rate was not reported and could not be calculated

	Wiese28
(2004)
	Retrospective Cohort
	N=1,872

Sex and mean age not reported

Medical records


	Primary microscopic disc surgery
	Motor paralysis or pain unresponsive to conservative management
	>500 surgeries:

Dural injury = .8%
Neurological = .6%

Superficial wound infection = 1%

Thrombosis = 1%

Revision rate = 1.3%

Wrong level exposure = .4%

50-100 surgeries:

Dural injury = 7.3%

Neurological = 1.1%

Superficial wound infection = 2%

Thrombosis = .8%

Revision rate = 1.6%

Wrong level exposure = 3.9%
	Overall complication rate = 6.4%

By surgeon experience:

>500 surgeries = 2.2%

50-100 surgeries  = 10.7%


	Malter

(1998)
	Retrospective Cohort
	N=6,376

Surgery w/ fusion

n=1,041

Mean age: 47 years

54% male

Surgery w/o fusion

n=5,335

Mean age: 49 years

60% male

WA state Commission Hospital Abstract Reporting System (CHARS)

1988
	Spinal fusion w/ or w/o laminectomy, discectomy or combo laminectomy/discectomy

Laminectomy, discectomy, or combo laminectomy/discectomy only w/o spinal fusion
	Herniated disc, spinal stenosis, DDD, spondylolisthesis
	Specific complications not reported
	With fusion:
Mortality rate = 0.2%

5-year reoperation rate = 18.2%

Without fusion:

Mortality rate = 0.3%

5-year reoperation rate = 14.6%

Overall in-hospital complication rates:

Any surgery with fusion = 18%

Any surgery w/o fusion = 7%
Mean age:

With complications = 55 years

W/o complications = 48 years

Presence baseline comorbidities:

With complications = 13%

W/o complications = 9%

6-week mortality:

With complications = .35%

W/o complications = .12%


*not including mortality

†risk factors included if reported

‡11-year cumulative incidence  

DDD = Degenerative Disc Disease

DVT = Deep venous thrombosis

PE = pulmonary embolism; SCC = spinal cord compression 
1

