ASA Practice Advisory for Perioperative Visual Loss Associated with Spine Surgery 2019 Update
Supplement 4 Evidence Tables - Research Studies

Table 1. Study Overview

Study Data Source Country Design Total N POVL N

Katz 1994 2 Academic Hospitals (1990-1992) USA RS - 4
Stevens 1997 Hospital database (1985-1994) USA RS 3,450 7
Cheng 2000 AANS/CNS Survey (1997) USA Survey 24 24
Chang 2005 Hospital database (1983-2002) USA RS 14,102 4
Lee 2006 ASA POVL Registry (1991-2006) USA RS 83 83
Patil 2008 NIS (1993-2002) USA RS 4,728,815 4,452
Lee 2012 ASA POVL Registry (1991-2006) USA cC 395 51
Farag 2014 Hospital database (1995-2010) USA CcC 2,532 6
Nandyala 2014 NIS (2002-2009) USA RS 541,485 105
De la Garza-Ramos 2016 NIS (2002-2011) USA RS 42,339 70
Rubin 2016 NIS (1998-2012) USA RS 2,511,073 481
Calway 2018 NIS (1998-2013) USA RS 4,828,126 363
Gabel 2018 AOSNACRN (2005-2011) USA RS 17,625 0
Shillingford 2018 SRS database (2009-2012) USA RS 167,972 21

POVL - perioperative visual loss, CC- case-control study, RS- retrospective study
AANS/CNS- American Association of Neurological Surgeons/Congress of Neurological Surgeons Survey, AOSNACRN- AOSpine North America Clinical Research Network, SRS-Scoliosis Research Society

Table 2. Study Summary and POVL Incidence

Study Data Source Total POVL Age (yrs) Male Incidence (per 1000 spine surgeries)
N N Mean (SD) (%) POVL ION AION PION RAO CRAO CRVO CVL Unspecified
Hospital database (1985-
Stevens 1997 1994) 3,450 7 55(17) 43 2.0 1.2 0.3 0.9 0.3 0.3 0.3
Hospital database (1983-
Chang 2005 2002) 14,102 4 25 (13) 0.3 0.3
Patil 2008 NIS (1993-2002) 4,728,815 4,452 All ages 0.9 0.06 0.01
Hospital database (1995-
Farag 2014 2010) 2,532 6 59 (7) 67 2.4 1.2 1.2
Nandyala 2014 NIS (2002-2009) 541,485 105 38 53 0.2 0.06 0.04 0.1 0.004
De la Garza-Ramos
2016 NIS (2002-2011) 42,339 70 13 (3) 25 1.6 1.6
Rubin 2016 NIS (1998-2012) 2,511,073 481 60 45 0.2 0.1 0.1
Calway 2018 NIS (1998-2013) 4,828,126 363 >18 46 0.1 0.1
Gabel 2018 AOSNACRN (2005-2011) 17,625 0] 0]
Shillingford 2018 SRS database (2009-2012) 167,972 21 35 (24) 43 0.1 0.05 0.02 0.02 0.03 0.03 0.02

POVL- perioperative visual loss, ION- ischemic optic neuropathy, AION- anterior ischemic optic neuropathy, PION- posterior ischemic optic neuropathy, RAO- retinal artery occlusion, CRAO- central retinal artery

occlusion, CRVO- central retinal vein occlusion, CVL- cerebral visual loss

AOSNACRN- AOSpine North America Clinical Research Network, SRS-Scoliosis Research Society
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Table 3a. Potential Patient Risk Factors

Study Data Source Total POVL Age (yrs) Male Hypertension Diabetes Obesity PVD Tobacco Use CAD
N N Mean (SD) (%) N (%) N (%) N (%) N (%) N (%) N (%)
Katz 1994 2 Academic Hospitals (1990-1992) - 4 54(9) 25 2(50) 2 (50) 1(25) 1(25)
Cheng 2000 AANS/CNS Survey (1997) 24 24 47(15) 79 1(4) 5(21) 1(4) 2(8)
Lee 2006 ASA POVL Registry (1991-2006) 83 83 51(13) 41 13 (16) 44 (53) 38 (46) 8(10) 34 (41)
Shillingford 2018 SRS database (2009-2012) 167,972 21 35(24) 24 2 (10) 2 (10) 2 (10) 2 (10) 5 (24)
POVL- perioperative visual loss, PVD- peripheral vascular disease, CAD- coronary artery disease
AANS/CNS - American Association of Neurological Surgeons/Congress of Neurological Surgeons Survey, SRS-Scoliosis Research Society
Table 3b. Potential Patient Risk Factors
. . . Tobacco . .
Study Data Source Total POVL  Hypertension Diabetes Stroke Obesity PVD Use Transfusion Anemia
N N OR (95% CI) OR (95% CI) OR (95% CI) OR(95% Cl) OR(95%Cl) OR(95%Cl) OR (95% Cl) OR (95% CI)
NIS (1993-2002) -
Patil 2008 Non-ION, Non-CRAO 4,728,815 4,134 1.4 (1.2-1.6) 1.3 (0.9-1.6) 1.4 (0.9-1.9) 2.5(1.6-3.9) 2.8 (2.1-3.6) 1.2 (1.0-1.3)
NIS (1993-2002) -
Patil 2008 ION only 4,728,815 271 2.6 (1.5-4.7) 3.6 (1.7-7.1) 3.7(1.3-8.6) 8.3(2.2-22.7) 5.5(2.5-12.2) 6.3 (3.2-11.9)
ASA POVL Registry
Lee 2012 (1991-2006) 395 51 1.6 (0.9-2.6) 2.2 (1.0-4.5) 2.2 (1.3-3.6) 0.9 (0.5-1.5)
Nandyala
2014 NIS (2002-2009) 541,485 105 13.1(3.6-47.4)
De la Garza-
Ramos
2016 NIS (2002-2011) 42,339 70 1.5(0.9-2.5) 8.6(5.4-13.8)
Rubin
20162 NIS (1998-2012) 2,511,073 481 1.1 (0.6-2.2) 1.07 (0.5-2.4) 7.4(0.9-61.3) 2.4(1.1-5.5) 1(0.5-2.0) 2.7 (1.4-5.4)
Calway
2018 NIS (1998-2013) 4,828,126 363 1.6 (0.9-2.8) 0.51(0.2-1.0) 14.3(4.5-45.3) 0.8(0.3-1.8) 1.6(0.4-5.5) 0.9(0.5-1.8) 1.5(0.8-2.9) 0.9 (0.2-3.8)

POVL- perioperative visual loss, PVD- peripheral vascular disease

a Risk Ratio reported
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Table 4. Perioperative Risk Factors

Study Data Source Total POVL Age (yrs) Male Estimate?ml?;;ood Loss SDL:Jr'::r(;lr;r:' f) Hypotension  Transfusion Facli%lé (::;ular
N N Mean (SD) (%) Mean (SD) Mean (SD) N (%) N (%) N (%)

Katz 1994 2 Academic Hospitals (1990-1992) - 4 54(9) 25 1625 (649) 3(75) 2 (50)
Stevens 1997 Hospital database (1985-1994) 3,450 7 55 (17) 43 5110 (3263) 6.7 (0.9) 4 (57)
Cheng 2000 AANS/CNS Survey (1997) 24 24 47 (15) 79 793 (1142) 4.8 (3.5) 3(12)
Chang 2005 Hospital database (1983-2002) 14,102 4 25 (13) 4338 (3183) 6.5 (2.4) 3(75) 2 (50)
Lee 2006 ASA POVL Registry (1991-2006) 83 83 50 (14) 72 median=2000 (100-2500) 9.8 (3.1) 17 (20) 1(1)
Lee 2012 ASA POVL Registry (1991-2006) 395 80 51 (13) 69 3100 (3500) 9.6 (3) 23 (29)
Farag 2014 Hospital database (1995-2010) 2,532 6 59 (7) 67 11817 (20421) 8.7 (1.9)
Shillingford 2018 SRS database (2009-2012) 167,972 21 34 (24) 43 1410 (989) 4.4 (2.4) 7 (33)

POVL- perioperative visual loss
AANS/CNS - American Association of Neurological Surgeons/Congress of Neurological Surgeons Survey, SRS-Scoliosis Research Society
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Practice Advisory for Perioperative Visual Loss Associated with Spine Surgery 2019 Update

Evidence Tables - Case Report/Series Summary

Unspecified visual loss
14%

CcVL
5%
ION
44%

64 cases from 58 case
reports/series affecting
90 eyes

Occlusion . . .
34% I0ON- ischemic optic neuropathy,

CVL- cerebral visual loss, PRES-
posterior reversible

Figure 1. Distribution of POVL by Diagnosis
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Table 5. Summary by Type of POVL

Age (yr) Male Estimated Blood Loss (ml) Duration of Procedure (hr)
N Median (range) N (%) N Median (range) N Median (range)
ION 28 9 (12-68) 22 (79) 24 2450 (350-16000) 26 7.5 (2-13)
Occlusion 21 0 (12-74) 13 (59) 10 825 (100-2150) 18 4 (2-8)
CVL 3 6 (38-67) 2 (67) 3 1500 (420-4800) 2 2.5 (1.75-3.25)
PRES 2 4 (51-78) 0 2 2100 (2000-2200) 2 8.75 (8 5-9)
Unspecified 14 0 (16-80) 5 (56) 6 1075 (200-2000) 15 4 (1-8)
Total 69 50 (12-80) 42 (66) 46 1500 (100-16000) 65 6 (1-13)

ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome

Table 6. POVL Characteristics by Type

Bilateral Unilateral Unspecified Anterior Posterior Unspecified Resolved Not Resolved Not Reported
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ION 19 (68) 8 (29) 1(4) 4 (14) 20 (71) 4 (14) 4 (14) 22 (79) 2 (13)
Occlusion 2(9) 20 (91) 0 0 0 22 (100) 0 22 (100) 0
CVL 3(100) 0 0 0 0 3(100) 1(33) 2 (67) 0
PRES (100) 0 0 (100) 0 (100) 0 0
Unspecified 1(11) 6 (67) 2(22) 0 2(22) 13 (78) 1(11) 8 (89) 0
Total 25 (39) 36 (56) 3(5) 4 (6) 24 (38) 36 (56) 8 (13) 54 (84) 2 (3)
ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome
Table 7. Potential Patient Risk Factors by Type of POVL
Hypertension Diabetes Obesity  Ocular Conditions? Atherosclerosis Tobacco Use None/Healthy Othert Not Reported
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ION 11 (39) 9 (32) 5 (18) 2(7) 5(18) 2(7) 6 (21) 4 (14) 1(4)
Occlusion 5 (23) 5 (23) 1(5) 1 (5) 1(5) 0 7 (32) 6 (27) 3(14)
CVL 1(33) 0 1(33) 0 0 1(33) 0 1(33) 0
PRES (100) 0 2 (100) 0 0 0 0 0 0
Unspecified 3(33) 2(22) 1(11) 0 0 0 3(33) 2(22) 1(11)
Total 22 (34) 16 (25) 10 (16) 3 (5) 6 (9) 3(5) 16 (25) 13 (20) 5(8)

ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome
a Congenital myopathy, hyperopia, hypermetropia
bHorner’s syndrome, Flammer syndrome, anemia, depression, trauma, sickle cell trait

Page 5 of 16



Table 8. Intraoperative Management of Patients Diagnosed with POVL by Type

ION Occlusion CVL PRES Unspecified Total
N (%) N (%) N (%) N (%) N (%) N (%)

Deliberate hypotension techniques in high-risk patients without preoperative chronic
hypertension 8 (29) 4 (18)
Deliberate hypotension techniques in high-risk patients with well-controlled preoperative

chronic hypertension 8
Colloid and/or crystalloids administration 16
Regular assessment and documentation of the eyes of prone-positioned patients 4

Avoidance of direct pressure on the eye (e.g., headrests, sheet rolls, other equipment)
Periodic monitoring of hematocrit or hemoglobin

Prolonged use of high-dose alpha-adrenergic agonists

Positioning of head level with or higher than the heart in high-risk patients

Placing head in a neutral forward position in high-risk patients

Staging of procedures anticipated to be high-risk

Total

ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome
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Table 9. Postoperative Management of Patients Diagnosed with POVL by Type

ION Occlusion CVL PRES Unspecified Total
N (%) N (%) N (%) N (%) N (%) N (%)

Assessing a high-risk patient’s vision when the patient becomes alert 0

MR imaging 17 (61) 17 (7

Adjusting hemoglobin or hematocrit levels upward in patients for whom ION is 0

suspected

Increasing blood pressure in patients for whom ION is suspected 0

Administering arterial oxygenation in patients for whom ION is suspected 0
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Administering antiplatelet agents, steroids, or intraocular pressure lowering agents 5(1
Total 2
ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome
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Table 10. Perioperative Outcomes by Type of POVL

Anemia Transfusion Hypotension Facial edema Prolonged procedure? and Prolonged Substantial blood
substantial blood lossP procedure? only lossP only
N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ION 0 12 (43) 2(7) 11 (39) 19 (68) 5 (18) 4 (14)
Occlusion 0 6 (27) 3(14) 12 (55) 4 (18) 8 (36) 2(9)
CVL 0 1(33) 0 0 0 0 2 (67)
PRES 0 2 (100) 1 (50) 0 2 (100) 0 0
Unspecified 1(7) 3(33) 2 (22) 3(33) 4(27) 4 (44) 0
Total 1(1) 25 (38) 8 (13) 26 (41) 29 (38) 17 (27) 8 (13)

ION- ischemic optic neuropathy, CVL- cerebral visual loss, PRES- posterior reversible encephalopathy syndrome
a - Prolonged procedure is defined as > 4 hours
b - Substantial blood loss is defined as > 800 ml
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ASA Practice Advisory for Perioperative Visual Loss (POVL) Associated with Spine Surgery 2019 Update
Evidence Tables - Survey Results
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Informn patients in whom prolonged procedures, substantial blood Determine on a case-by-case basis whether or not to inform
loss, or both are anticipated that there maybe an increased risk patients who are not anticipated to be “highrisk” for visual loss
of POVL
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Figures 2-5. Preoperative Patient Evaluation and Preparation Survey Results by Group
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Continually monitor systemic biood pressure in high-isk patients Assess the patient's baseline biood pressure on a case-by-case
basis
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Determine on a case-by case basis whether deliberate
hypotension should be used in high-isk patienis
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Figures 6-8. Intraoperative Blood Pressure Management Survey Results by Group
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Check for the presence of pre-operative hypertension, its degree of Discuss with the surgeon whether deliberate hypotension is
control, the pre-operative use of antHhypertensive drugs, and the necessarny
patient’s risk of end-organ damage before using deliberate

hypotension in a high-risk patient
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Maintain arterial pressure at higher levels in hypertensive patients
1o prevent risks to end organs
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Figures 9-11. Intraoperative Blood Pressure Management Survey Results by Group
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Use deliberate hypotension in highHisk patients only when the Treat prolonged significant decreases in blood pressure
anesthesiologist and surgeon agree that its use is essential
despite employing other means to minimize bleeding
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Adrenergic agonists may be used on a case-by-case basis when it
is necessary to comect for hypotension
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Figures 12-14. Intraoperative Blood Pressure Management Survey Results by Group
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Periodically monitor hemoglobin or hematoerit values duning Use transfusions of blood as deemed appropriate
surgery in high-risk patients who experience substantial blood loss
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Crysialloids or colloids alone or in combination may be used to
maintain adequate replacement or intravascular volume

Expert Consutiant |-
ssavenber I
pans member [ — |
Nanos Member - [N —— 1
snace Member | —
0% 200 40% 0% &0% 100%

B Strongly Agree ®Agree W Equivocal Disagree W Strongly Deagres

Figures 15-17. Intraoperative Management of Blood Loss and Administration of Fluids Survey Results by Group
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Position the highrisk patient so that the head s level with or Maintain the high-isk patient’s head in a neutral forward position

higher than the heart when possible (e_g_, without significant neck flexdon, extension, lateral flexion, or
rotation) when possible
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Avoid direct pressure on the eye to prevent retinal artery occlusion
(RAD)
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Figures 18-20. Intraoperative Management of Patient and Head Positioning Devices Survey Results by Group
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A head holder may be applied by the spine surgeon in patients in Check the position of the eyes periodically during surgery to

whom head positioning i challenging ensure the head has not moved and there is no eye compression
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Staged spine procedures may be used on a case-by-case basis for

high-risk patients
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Figures 21-23. Intraoperative Management of Patient and Head Positioning Devices Survey Results by Group
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For the high-risk patient, conduct an ophthalmological assessment If there is concemn regarding potential visual loss, obtain an urgent
when the patient becomes alert (e.g_, in the recovery room, ophthalmologic consultation o determine its cause
intensive care unit, or nursing floor)
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CT or MRl may be used on a case-bwy-case basis to rule out Additional management may include optimizing hemoglobin or
intracranial causes of visual loss as well as o visualize an hematocnt values, hemodynamic siatus, and arterial oxygenation

abnomal (e g, enhancing) oplic nerve
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Figures 24-27. Postoperative Management Survey Results by Group
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