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Objectives

® Investigate incidence of POVL
® Review anatomy and physiology of the eye

® Compare normal blood flow to the optic nerve versus
compromised flow

* Discuss the relationship between ocular perfusion pressure,
intraocular pressure, and mean arterial pressure

* Identify surgical procedures, surgical and patient factors that
are associated with postoperative vision loss

* Discuss interventions that can reduce intraocular pressure



POVL Incidence

® First report of POVL incident: 1948*

® Bailey headrest
® Prone neurosurgical procedure

® Cause: extraocular pressure




Incidence

® Overall: 1/60,000 - 1/125,000 anesthetics Roth(z009)

® Cardiac: 8.64/10,000 (0.0864% incidence) Shen(z009)
® Spine: 2 to 10/10,000 cases? (0.01-0.1% incidence)°¢

* Appendectomy: 0.12/10,000 cases (0.0012% incidence) Shen(zeos)



POVL Incidence Decreasing

Perioperative Visual Loss in Spine Fusion Surgery

Ischemic Optic Neuropathy in the United States from 1998 to
2012 in the Nationwide Inpatient Sample

Danial 5. Aubin, M.D., lsaac Perakatl, B,5., Lom A Les, M.D., Heather E. Moss, MD., Ph.D,
Charlotta E. Josin, 0.0, Ph.D., Steven Roth. M.D., FA.RV.O.

Anesthesiology 2016; 125:457-64



Volume of spine surgeries increasing

Spinal Fusion

Year Cases (n)
1998-2000 262,279
2001-2003 399,773
2004-2006 492,133
2007-2009 623,434
2010-2012 733,454
Total 2,511,073

Rubin. Anesthesiology. 2016.




Overall Incidence ION

ION per 10,000

Spinal Fusions
Year (95% CI)
1998-2000 1.63 (0.57-2.75)
2001-2003 1.30 (0.48-2.10)
2004-2006 1.40 (0.65-2.13)
2007-2009 0.79 (0.18-1.40)
2010-2012 0.60 (0.18-1.01)
Total 1.02 (0.72-1.32)

Rubin. Anesthesiology, 2016,



Overall Incidence CRAO

RAO per 10,000

Spinal Fusions
Year (95% Cl)
1998-2000 0.88 (0.076-1.72)
2001-2003 0.83 (0.18-1.50)
2004-2006 0.69 (0.16-1.24)
2007-2009 1.07 (0.42-1.67)
2010-2012 0.90 (0.40-1.42)
Total 0.89 (0.60-1.18]

Rubin. Anesthesiology, 2016,



ION and RAO Incidence from 1998-2012

19%8-2000 2001 - 3003 00 FODE 2O07- 00 Hi10-H012
Yo Rubin, Anesthesiology. 2016.
Fig. 1. The y-axis shows the 3-yr incidence of ischemic optic neuropathy (ION) and retinal artery occlusion (RAQD) per time period
(x-axis), using national estimates from the Mationwide Inpatient Sample. The data are shown as incidence point estimates = 85%
Cls. Three-year pariods were used, as Agency for Health Research and Quality does not allow reporting results less than 10. The



POVL Increases Hospital Cost & LOS
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Eye Anatomy & Physiology

Right Eye {viewed from abave)

http:/www.columbiaeyeclinic.comfanatomy-eye/



https:ifaskabioclogist.asu.edufrods-and-canes
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Aqueous Humor Reabsorption
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Blood supply to Optic Nerve

Cenir ol Fetinsl Aitery

http:/fwww.mallbao.cn/



http:fiwebeye.ophth.uiowa.edu)

PCA = Posterior Ciliary Arteries

CRA = Central Retinal Artery

CRV = Central Retinal Vein

Col Br. = Penetrating Pial Arteries (collateral branches)



Venous Return
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Types of POVL

* Ischemic Optic Neuropathy (ION)
* Anterior Ischemic Optic Neuropathy (AION)
* Posterior Ischemic Optic Neuropathy (PION)
® Retinal Ischemia
* Central Retinal Artery Occlusion (CRAQ)
* Branch Retinal Artery Occlusion (BRAO)



Anterior Ischemic Optic
Neuropathy (AION)

* Blood flow disrupted to anterior
portion of optic nerve

* Optic disc edema, reduced
pupillary light reflex

* More common to present with
cardiac surgery

Ischemic Optic Neuropathy Hayreh 2011

Posterior Ischemic Optic
Neuropathy (PION)

* Ischemia to posterior portion of optic
nerve

*® Initial exam normal - delayed optic
disc atrophy and pallor

* More common to present with spine
surgery



entral Retinal Artery Occlusion
(CRAQO)

* Decreased blood supply to entire
retina

* Maost commanly from improper
positioning & external compression
to eye

* Pale edematous retina; cherry red
spot to macula

Retinal Ischemia Roth(2009)

Branch Retinal Artery Occlusion
(BRAO)

* Most commonly associated with micro
emboli

* Permanent partial visual field loss

Central Retinal Artery
Occlusion

Pala Opiic
Maren

Cherry Red Spol

http:/iratinavitreous.comfdiseases/raostart.php



® |IOP > 40 = decreased

blood flow

® Regulated by the rate
of aqueous humor
entering and leaving
the eye

Intraocular Pressure (IOP)

Normal range: 12-20 mmHg
Average: 15 mmHg
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Ocular Perfusion Pressure

OPP = MAP —-IOP
MAP: Mean Arterial Pressure
IOP: Intraocular Pressure

OPP primarily determined by IOP, not MAP Beltz 2033

hitpd e reichert.com)|



Measuring IOP

http:ffwww.cmi.sk



Molloy/Bridgeport
Anesthesia
Associates

Observation Scale?

Ocular edema: IOP is 2.5 times
baseline pressure

Conjunctival edema (chemosis):
IOP is 3.4 times baseline
pressure

Ecchymosis: IOP is 4.3 times
seline pressure
ive intervention for rising intraocular
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Chemosis

Conjunctival edema




Conjunctival Baseline

adoma 1op Probability
[chemaosis) {mm Hg)® (%)
0 -] 14.6
0 10 Jas
0 18 78.3 s -
i 0 —_ Probability of baseline
0 25 1000 |OP reaching above 40
. 5 100.0 mmHg (in steep T-burg)
t I o based on baseline IOP
1 16 100.0

pressure?
1 20 100.0
1 25 100.0

Table 5. MBOS: Baseline IOP Probabilities of Reaching
I0P > 40 mm Hg (Critical Threshold) in Steep

Trandelenburg Position

Abbreviation: MBOS, Mofioy/Bridgeport Anesthasia Associates
Observation Scale; [OP intraoccular prassure.

® Preoperative baseling value in a high-risk population.

Maliay, A preventative intervertion for rising intracular pressure. 2003, AANA.



Molloy/Bridgeport Scale®

Presence of chemosis alone, without a baseline

IOP was predictive of IOP greater than 40 mmHg
&

Chemosis correlates to IOP 3.4 times greater than

the baseline value




Prone Position and Intraocular

Baseline
Supine1
Prone 1

Prone 2

Supine 2

Pressures

Average |OP (mmHg) Timing of Measurement
19 +/- 1 Before induction

134/-1 10 minutes after induction
27 +[- 2 Befare Incision

40 +[-2 At conclusion of surgery

31+/-2 Before reversal and emergence

Cheng MA, et al The effect of prone positionirg on intraoculsr pressure im anesthetized patients. Anesthesiology. 2001.
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Steep Trendelenberg Position and
Effects on IOP®

IOP Measurement (min)  Position IOP (mmHg)
Initial Flat (supine) 14 +- 4

30 5T 25 +(- 8

6o ST 35 +/- 10

[sTs] 5T 35+/-8

120 ST 35 +/-10

Final Flat 21+f-6
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Cause of POVL... multiple theories

® Acute Venous Congestion

* Compartment Syndrome of Optic Nerve




1 Venous
Pressure

Acute Venous Congestion**
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Compartment Syndrome of Optic Nerve?

Increased venous pressure + Interstitial fluid accumulation = Compromised blood flow

* Non-distensible space
* Semi-rigid lamina cribrosa at the optic nerve head

* Bony optic canal

PR gty me s
COF dring papdecemy Dvrd Mates

Postoperative Wiual Lons Study Growp. 20u3. Anesthesialogy.



Surgical Procedures Associated with
POVL a2

® Spine Surgery 0.2%
® Cardiac Surgery 4.5%




Contributing Factors®

Length of Surgery

> 6 Hours

Figure 1. Photograph demonstrating irditional open posterion wound for
sogmantal focabon

Femopenadive Vidudl Lods Sludy Group. 3006 Aneithesicicgy,

httpfwww practicalpainmanagement.com



Contributing Factors?°

EBL

> 1000 mL

httpelfaare. rocket Swadg. cam

Postoperstive Yisusl Lods Study Group, aocb. Anesthesclogy



® Prone Position

® Steep Trendelenberg
Position




B Contributing Factors®

Wilson Frame




Contributing Factors
Excessive fluid

replacement

® Lower percent colloid
administration




https:ffwww.cdc.gov/



Contributing Factors®*

Higher incidence
in males

CHy O

HO
ESi-ngen Peritoperstive Vausl Lows Study Groop. 3002, Anssthesiology.



Contributing
Factors

Extraocular Pressure#

Prior to incision — proper positioning in headrest

Levan 2012




Extraocular Pressure

Levan 2012

After 2 hours in prone position — face has migrated



Extraocular Pressure

Levan 201

After 2.5 hours — nose in contact with headrest support



Extraocular Pressure

Lavan 2012

Face repositioned to take pressure off eyes and nose



Contributing Factors... Recent Literature?

Perioperative Visual Loss in Spine Fusion Surgery
Ischemic Optic Neuropathy in the United States from 1998 to

® :
Ag Ing 2012 in the Nationwide Inpatient Sample

L Caniad 5. Huben, MUD., Isane Parakadi, B.5., Lom A Lse, M.D.,, H E. Mosas, M.D., Pn.D
M d IE Sex Charlotie E Jc;shn. 0.0 uflﬁ D.. Steven Ft-‘.rl_“M D.. Fm.;ﬂ WO, i i

® Transfusion
® Obesity

* Female sex was protective

Rubin. Anesthesiology. 2016.



NOT Contributing Factors

® Hypotension**
® Intraoperative anemia**
® Pre-existing disease:
* Diabetes Mellitus
® Hypertension
® Coronary Artery Disease
® Stroke

® Smoking*




Interventions to consider

Consult ophthalmologist at first sign that patient has
altered vision after surgical procedure




Interventions to consider

Discuss with patient pre-op the risk of POVL, obtain
informed consent




Interventions to consider

5° to 10° reverse T-burg during spine
procedures in prone position




Interventions
to consider

AA s i 1

Limit excessive crystalloid administration



Interventions to consider

Stage lengthy spine procedures

Figure 1. Photograph demonsirating tmcional apan posterior wound for
sagmenital fication




Interventions to consider

® Assess and document the eyes are free of pressure
throughout prone procedure

* Use soft foam headrest with eye cutouts to prevent direct
external compression; use a mirror to view the eyes




Interventions to consider

During ST procedures, use a 5 minute supine rest stop at
the 4 hour timeframe.

This will require undocking
laparoscopic equipment




N
:

20.6

s ()

ST Group
SD

473

7.76
10.06

8.23
10.56

4.58

9-26
11-33

23-57

13.2
21.1
24.5
20.5

18.7

14

4.15
5-43
7.58
7.08

5.22

4.69

Supine Grou
M sD

Range

8-24
8-35
11-40
6-43
10-33
7-24

. A comparative assessment of intraocular pressure in prolonged steep Trendelenburg position versus level
ention. Journal of Anesthesiology & Clinical Science. 2013;1:9



Intervention to consider

Use of dorzolamide hydrochloride/timolol
maleate (COSOPT) ophthalmic solution

* Carbonic anhydrase Il inhibitor
* B- adrenergic receptor blocker
* 12 mL COSOPT contains

* 20 mg dorzolamide

* 5mgtimolol

PRESCRIPTION ONLY MEDICINE
KEEP OUT OF REACH OF CHILDREN

& » MSD

Cosopt
Dewrpealarmuide Prydchiorde and trasiy

maleat
Eachm

m 9./0.5x

tl
5
i %



® Reduces IOP by
decreasing the
production of
aqueous humor

* Inhibits carbonic
anhydrase Il in the
ciliary process

* Direct action
blocking B-
adrenergic receptors
in the ciliary process

Intervention: COSOPT

Lveosclaral outfiow
* Prostaglandin agonists

O Aqueous humor inflow
* [-blockars

* - AdnGGIc recoplo
Bponisls

» Carbonic anlwdrase Inhibiors

Mleniacap



Considerations when using COSOPT
Delivered topically but absorbed systemically

*® Contraindications: ® Caution

® Reactive Airway Disease ® Diabetes
* Asthma

® Severe COPD

* Sinus Bradycardia

* AV Block

*® Overt cardiac failure

* Sulfa Allergy (contains
sulfonamide) *® Blurred vision/eye itching

® Hyperthyroidism (masks
thyrotoxicosis)

® Adverse Reactions

® Taste perversion (bitter,
sour, unusual taste)



IOP value (mmHg)
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Molloy. 2016. AANA =
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Recommendations

® 5-10 degree Reverse Trendelenberg when prone

® Stage lengthy spine procedures

® Prevent direct compression to eye

® Utilize colloids, limit crystalloid

® At 4 hours: rest period for Steep Trendelenberg (5-10 min)

* Use of COSOPT in high risk patients or presence of
chemosis

Provide patients with informed consent regarding POVL



Questions?
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