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BACHGROUND:

STUDY DESIGN:

RESLLTS:

CONCLUSIONS:

Infarcnion of the optic nerve posterior @ the lamina cribrosa. called posterior ischemic opaic
neuropathy (PION), is 2 eondition that can resulr in profound bilaceral blindness. Cases of
PIOM treaced at this instowson and those described in the literature were analveed to idenufy
<linical fearures that profile thoss individuals st risk of PION in an amempr 1o identify major
contributing facears that could be addressed prophylactically to enable effective prevention.
Salient clinical fearures in seven cases of PIOMN diagnesed ar the Doheny Eye Institure berween
1989 and 1998 arc compared with 46 cases of PION reported in the literature.

In the Doheny series there were six men and one woman aged 12 w0 66 years (mean, 47 years).
Five paticnis were Stafus-post spine SWIgery, one was status-post knee surgery, and one had 2
bleeding stomach uleer. Vision loss was simultaneously bilaseral in six of seven patients (85.7%)
and was apparent immediarcly after swrgery. There were no abnormal retinal or choreidal
findings including disbetic retinopathy, in any of the patients. Notable contributing factors
were blood loss in all seven patients, ranging from 2,000 w 16,000 mL. with a drop in
hematocrit of 9.5% w 19% (mean, 14%), and intrsoperative sysiemic hypotension in all
paticnts. Facial edema was a factor in three of six spine surgery patients (30%). Patients reporued
in the lirerarure had 2 mean age of 50 years and were also predominantdy men (34 of 46, 74%)
who underwent spine surgery (30 of 46, 65.2%).

Middle-aged men undergoing spine surgery with prolonged intrsoperative hypotension and
postoperative anemia and facial swelling are ar risk of developing PION from hypovelemic
hypatension. Avoiding or immediately correcting these contributory Factors can reduce the
incidence of PIOM., (] Am Coll Surg 2002:194:705-710. © 2002 by the American College of

Surgeons)

The human optic nerve contains 1.2 million myelinated
nerve fibers that arise from cell bodies in the ganglion
cell laver of the retina and first synapse ar che lateral
geniculare nuclews. lschemia can profoundly damage
these fibers by inducing axenal swelling from impaired
axoplasmic transpore. Posterior ischemic optic neurop-
athy (PION) is 2 rare event thar follows infarction of the
posterior portion of the opric nerve and manifests with a
variety of clinical characteristics. Patients of all ages can
be affected and the condition is often of sudden onset
with bilateral involvement. Visual impairment is most
often very severe because the opric nerve swells as 2 con-
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sequence of ischemia. Posterior extension of swelling
along the nerve involves the portion of the optic nerve
within the sphenoid optic canal, where the nerve is en-
cased in bony, nonelastic structures. Ancerior extension
causes swelling in the rigid confines of the scleral canal.
In each circumstance, axonal compression causes pro-
found optic nerve damage.

A better understanding of the risk factors thar predis-
pose to this devastating condition can help prevent i
occurrence and stimulate development of new avenues
of therapy. To idendfy risk fctors associared with
PION, we analyzed the clinical characreristics of 7 pa-
tents with PION in our institution and compared the
Eindings with 46 cases of PION reported in the lireranure.

METHODS

Case reports

Patient 1: A G6-year-old man with diaberes and hyper-
tension underwent partial L3 and total L4-5 laminee-
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tomy, bilateral L3-4 and L5, 51 medial facetectomy, bi-
lateral foraminectomy and decompression of the L4-5
and 31 roots, and segmental fixation of the lumbar spine
through transverse process fusion. The surgical proce-
dure lasted 5 hours, during which dme the blood pres-
sure was kept berween 140070 mmHg and 120/50
mmHg. The estimaced blood loss was 2,400 mL and the
hematocric drepped from 41.0% preoperatvely w
31.5% postoperatively. A Wilson frame was used during
the operation, and the patient had pestoperative gener-
alized facial swelling,

During the first two w three postoperative days, the
patient complained of progressive, binocular visual loss.
The initial fundus examination was unremarkable to the
artending internist. Three months later there was infe-
ricr sectoral atrophy of the disk in the right eye and
complete eptic atrophy in the left eye; intraocular pres-
sure and retina were unremarkable. Visual acuity deteri-
orated 1o 20/50 in the right eye and no light perceprion
in the lefr eve.

Parient 2: A 43-vear old obese man underwent bilat-
eral L3=4 and L4-5 laminectomy, partial facetectomy of
L3-5 for nerve root decompression with bilateral pedicle
screw implementation, and bilateral transverse process
fusion from L3 through L5, The procedure lasted ap-
proximarely 8.5 hours, and the estimated blood loss was
LU0OmL. The blood pressure was kepr ar 100/40-
60 mmHg for 6.5 hours. Dwuring the operation, 2 Wilson
frame was used. and severe generalized facial swelling
was noted after the operation. Postoperatively, the he-
matocrit decreased from a preoperative value of 43.2%
w 31.0%.

Immediately on recovery from general anesthesia, the
patient complained of bilateral visual loss. Intraocular
pressure and Fundus examination were inivally unre-
markable, but 8 months later showed temporal pallor in
the right and diffuse pallor in the left opric disk. Visual
acuity at that rime was 20/60 in the right eye and no
lighe perception in the left eye.

Padent 3: A 12-year-old boy with Duchennes muscu-
lar pseudohypertrophy underwent posterior fusion of
the spine from T3 through the sacrum u.jing the Luque-
Galveston technique. The duration of the procedure was
approximately 6 hours, and the estimated blood loss was
2,500 mL. Blood pressure was kepe at 90/55 mmHg for
10 minutes and ar 30/50 mmHg for 25 minutes. Dur-
ing operation, a Toronto frame was used. The hemaro-

it decrersed 1o 26,006 at d!.ttn.dﬁfﬂr:up:ntiun from
a preoperative value of 43%.

On recovery from general anesthesia, the padent im-
mediately complained of bilateral visual loss. Initial fun-
dus examination was unremarkable, 25 were intraocular
pressures, but after 12 months the right eye showed optic
arophy more severe than in the left eye. Visual acuviry
was hand-motion in the right eye and 167200 in the left

eye.

Patient 4: A 57-year-old obese African-American man
with hyperension and diabetes underwent complete bi-
kareral hemilaminectomy from L3 to the sacrum (L3-4,
L4-5, L5-51). He had bilateral steel plates placed pe-
dicularly with screw implementation. During the pro-
longed surgical procedure (more than 8 hours) chere was
estimated blood loss of 16,000mL. The depleted vol-
WIME Was n-pllnad by plazma volume expanders, red cell
concentrates, and fresh plasma. Blood pressure was kept
at 100/60mmHg for 2 hours and broughr as low as
0/60mmHg for 45 minures. During the procedure, 2
Wilson frame was used, and periorbital facial swelling
was present after the operation. The hematocric went
from 41% preoperatively to 24% postoperatively.

Immediately afrer the . the patient com-
plained of bilateral visual loss. Examination revealed a
visual acuiry of 20/300 in the right eye and hand-marion
in the left eye with normal fundus appearances and in-
traccular pressures. When examined 3 years lacer, the
optic disks demonstrared temporal pallor in the right eve
and diffuse optic disk pallor in the left eye.

Patient 5: A 46-year-old hypertensive man presented
with a bleeding ulcer and bronchiris. He was meated
with antibiotics and ulcer medications, and underwent
gastroscopy. Hemoglobin was 7.3g/dL and hemarocric
was 32.79%. One day later, the hemoglobin and hemat-
ocrit were 7.3g/dL and 22.6%, respectively, and the
blood pressure was 100/50mmHg. The anemia was not
wreated with blood or fluids.

Two days after initial presentation, the patient com-
plained of complete bilateral visual loss. Ocular exami-
nation showed bare light perceprion bilaterally, normal
intraocular pressures and retinas, and bilateral opric
nerve swelling. Eight months lacer, he had complere bi-
lareral optic nerve atrophy.

Patient 6: A 65-year-old weman with hypertension
and diabetes underwent right knee surgery thar laseed
3.5 hours. During the operation the patient lost three
units of blood. Two units were replaced with her own
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Table 1. Clinical Characteristics of the Doheny Series of Postenior Ischemic Optic Newopathy

Final visual acuity

Introopatdihe
hypatension timse Change in

Patient Age [k} dizstolic  hematocrit Blood  Right Left
Ne. (y) Gendor Systemas conditions Procedure BF{mmHg) (%p  leas{ml) eye Eye
1 66 M Hypertesuion. dishetes Spine surgery %.0/50-70 5.5 2400 20750 WLP
I 43 M Ohhese Spine SWEETY 6,500 118 2000 260  NLP
3} 12 M Munie Spine SiApeey 0.5/50=53 17 2500 HM 167200
4 a7 M Hyperenson, diabetes, ohese Spine surgery _-5|"I5-ﬂ' ¥ I6000 200300 HM
3 46 M  Obeme Camomtenal bleed 240950 98 MA LF ir
6 &5 F Hvpertension. dasbeted Hnee surgery 40740 19 300020040 F
7 M M Hvperrenion. dizberes Spane surgery 2.5140-50 il 1200 20020 NLP

Hibl hiand mocors: LI light peresgsion; ML no lghe percepoon.

blood through a cell-saver. During the operation, her
bload pressure was never lower than 110/75mmHg, Bur
her average preoperative hematocric was 44% and her
average postoperative hemarocrit was 23%.

On regaining consciousness, the patient had no com-
plaines, bur overnight. while monitored in an
intermediate-care ward, her blood pressure fell w 81/
41 mmHg for a 4-hour period. She was found o have
alvered mental starus while complaining of visual discur-
bances. Initial CT and MRI examinarions showed no
abnormaliry,

When examined 2 years laser, visual acuity was 20/40
in the right eve and the opric disk thowed mild ro mod-
erate atrophy. There was extensive visual-field loss, leav-
:ngunlvaccn:r:l island. Visual acuicy in the left Ve Was
light pem:pnnn only from the superior ficld and Fandus
cramination revealed severe optic atrophy with an unre-
markable retina,

Patient 7: A 44-year-old man with spondylolisthesis
and fnﬂmm:immu underwent complete L3 laminec-
tomy, parttal facetecromy and foraminatomy, and L5-51
fusion with autograft and screw placement. The opera-
tion lasted 8.5 hours. Diasealic blood pressure was 40 to
S0mmHg throughout the procedure, with systolic
blood pressure dropping 1o 30 mmHg during the last 2
hours of operation. Estimated blood loss was 1200mL
without rq:llac-rmm:. There was a drop in hematocrit
from 37% o 263 pestoperatively.

Two hours after the completion of the operasion the
patient complained of blindness. Evaluation revealed vi-
sual acuicy of no light perception in cach eye. Intraocular
pressures were normal; fundus examinarion also revealed
a normal optic disk, macula, retinal vasculature, and
periphery in each eye.

One year larer the right eve recovered to 2 visual acuiry

of 20020 but there was still no light perception in the left
eye.

Summary of Doheny case reports

There was a predominance of men in this series {5 of 7;
85.7%), with the majority experiencing PION after
spine surgery (5 of 7: 71.4%). A hisrory of sysremic
hypertension was presencin 4 of 7 pacients (57.1 %) and
4 of 7 patients (57.1 %) had diabetes. Although there
was bilateral involvement in all cases, the left eve was
more severely affected than the right eye in 5 of 6 pa-
tients (33.3%). Intraocular pressures were normal, and
there were no rerinal or choroidal abnormalities, includ-
ing diabetic retinopathy. As demonstrated in Table |
hypatension with anemia was the most common predis-
posing factor for PION in these parients, because all
patients experienced intraoperative hypotension for
considerable periods of tme and were found o have
considerable reductions in hemazocrit postoperarively.

Literature review

A review of the literarure published after 1950 was per-
formed. Patients with vasculins, cumors, head SUEgETY,
anterior ischemic optic neuropathy, and head rest syn-
drome’ were excluded because chese patients involved a
wvariery of factors ather than intraoperative hypotension
and low postoperative hemarocrie. By these criveria,
there were 46 case reports of patienss who experienced
visual loss after surgery that was from PION,*"

Table 2 presents the clinical characreristics of these
patients. Thirry-four men and 12 women berwesn 13
and 81 wvears nfi.gr. {mean, 50 years) had bleod loss
associated with gastrointestinal bleeding (7 of 46,
15.2%), spine surgery (30 of 46, 65.2%), hip surgery,
coronary artery bypass surgery, cardiothoracic surgery,
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Table 2. Literature Review (Since 1950) of Reported Posterior Ischemic Optic Neuropathy Cases
First asther n Ages (¥) inciting event|s)
Chishsim” 5 31, 52. %7 SIP choleomrectomy (1), 3T CT surgery (2)
Lazaro™ 1 L] Gl blesd
Presencia’ ] 18 Gl Bleed
Jehnsan’ ] 59 P paweducdsnowmmy
Hayreh® 4 56, 57,59, 61 al bleed
Rizzo™ 2 . 62 S/P hip surgery (1), /T CABG (1)
Brown' 5P i-pinn.lu.r:ﬂ!.' (1), Gl blead (1), 54T

5 13, 31. G, 68. 81 vascular sungery (1), ST CABG (2)

Kawmann' 1 =7 ST spine surgery
K™ 3 31, 49, 60, 63 "SI spine surgery
Cheng'* 4 AT =15 ST spane sargery

CABG, coronary artery bvpan grafing CT, casdiochorscic G, pawvizsmmal; P, e pear.

and abdominal surgery. Both eyes were affected in 22 of
46 patients (47.8%) with only one eye affected in the
remaining 24 of 46 patients (52.2%).

DISCUSSION

Although infarction of the intracrbital portion of the
optic nerve from systemic blood loss has been known
since Hippocrates, it is often difficulr to distinguish be-
tween infarction of the intraocular portion of the optic
nerve (anterior ischemic optic neuropathy, AION) and
PION. This is especially true in repores published before
1950." In our review of the literature since 1950, we
found reports of AION 1o be more frequent than reports
of PION. OFf note is that the reports of AION are not
associated with prolonged episodes of blood loss and
systemic hypotension. Both AION and PION can be
riggered by hypotension; bur in AION, age, long-
standing diabetes, and hypertension with an anatomic
predisposition (“disk at risk”) are more important fac-
tors, In coneradistinction, in an animal model of PION,
hypotension was found ro be the most imporcane fac-
tor." To further differenriate the rwo entities, AION is
almost always unilateral, generally demonstrazes sectoral
optic nerve edema, and manifests peripapillary hemor-
rhages with the edema.™* This was not seen in the
present study,

The anemia associated with PION has also been
linked ro anemia-related retinopachies, the chisf of
which is leukemic retinopathy, a retinal manifestation of
anemia and thrombocytopenia typically in a leukemic
patient with concomirant h:rp-:nrism.-l.i'::.r. The ﬁ.nd.ing,:
in these entities include 3 normal-appearing opric nerve
and retinal changes consisting of conon-wool spors and
diffuse retinal hemorrhages stemming from a proposed

mechanism of relatively acute, ischemia-induced, mi-
crovasculature breakdown,™ Addirionally, another con-
dition, termed hyporensive retinopathy, conceprually
needs to be differentiated from PION. Hyposensive ret-
inopathy is also known as venous stasis retinopathy or
ocular ischemic syndreme, and the pathophysiclogy be-
hined this condition involves poor arterial perfusion pres-
sure with chronic tissue ischemia, often from carotid
occlusive discase.' The clinical fundus findings, limited
to the retina, including venous rortuosity, microaneu-
rysms, and revinal hemorrhages were nor found in our
patients. In contrast 1o these two diseases, PION docs
not involve the retina.

Table 3 compares the findings in the patients pre-
sented above with the findings in patients with PION
described in the modern lizerarure. There was a predom-
inance of men (85.7% in this serics compared with 74%
in the liverarere), with bilateral involvement in 85.7% in
this series (compared with 47.8% in the literature). In
the present series of patients, PION was commaonly as-
sociared with blood loss and hypotension. Five of seven
patients underwent spine surgery, an area with an abun-
dant vascularure that is not easily accessible during sur-
gery. In these cases there was extensive blood loss, as
evidenced by intraoperative hypotension and low post-
operative hemarocrit levels. The use of 2 Wilson frame
was another commeon feature, Because three of the five
spinal surgery patients were obese, they might have ex-
ceeded the Wilson frame’s design to reduce abdominal
venous pressure. Although none of these cases were
thought to be 3 “head rest symdrome,” defined as direcy
ocular compression by malpositioning of the head rest
leading to ischemia. the dependent posivioning of the
head appears to have led o generalized cephalic edema



Vol 194, No. 6. Juno 2002

Dursier et al Pesteriar [enemic Optic Meuropathy 709

Table 3. Comparizon of Doheny Series with Cases in the Literature

Characteristic Doheny seres (n) Litersturs review [n)

Genader e
Men 617 (85.7%) 46 (74%)
Wmsen 17 (14.3%) 12544 [269%)

Age (v} 12-56 (mean. 47) 1381 (mean. 50}

Prevalence of precipiating event

" Spine surgery 507 (71.4%) /46 (65.2%)
Gastroinsestinal bleed 117 (14.3%) 7146 (15.2%)
Knee surgery U7 (14.3%) 0
Abdominal surgery o 2756 (4.3%)
HIIP!!.I.I'EEI.'!." 1] TG (2.2%)

~ Coronary anery bypas graming o 346 (6.5%)
Cardiothoracic surpeny 1] 274 (4,3%)
Yascular surpery [1] LI (2%

in four of five patients (80%) in this series. This specific
drcumstance probably further compromised the already
low perfusion pressure of circulation to the optic nerve,
because of the aforementioned systemie hypovelemia.
The reasonis) thac in unilateral cases che lefe €ye was
more severely affecred than the right eve is open o spec-
ularion,

The profile of patients with PION is middle-aged
men with sudden, bilateral vision loss, most often and
more profoundly in the left eye, after gastrointestinal
bleeding or spine surgery, complicated by major intra-
operative hypovolemic hypotension, postoperative facial
edema, and considerable reduction in hematocrit, as
compared with preoperative values, The presence of hy-
pertension and diaberes in more than half of the patients
in the Doheny series suggests that these systemic disor-
ders can play a role in the pathogenesis of PION in these
paticnts. It has been demonstrared that these systemic
disorders result in the loss of normal vascularure awro-
regulation from vascular endothelial dysfunetion.' For
example, in the sering of fluctuating blood pressures,
diabetic parients fail to demonstrare normal compensa-
tory vasoconstricdon and vasodilation.” The same
probably precludes autoregulatory compensarion in hy-
pertensive and diabetic patients in whom hypotension
occurs during surgery.

Like any retrospective investigation, the present study
is limited in not being able to consider all parients who
did not present with findings of PION. So, no determi-
nation of incidence s possible until a large-scale, pro-
spective study of anesthesia- and surgery-related compli-
cations is performed.

The results of this srudy suggest thar the incidence of

PION could be reduced by altering perioperative man-
agement of middle-aged men undergoing spine surgesy,
such as minimizing hypevelemic hypotension intracp-
eratively, or immediazely replacing blood loss, or both.
In conjuncrion with postoperatively avoiding and ag-
gressively trearing facial edema, this could maineain suf-
ficient optic nerve perfusion to prevent PION,
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