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Abstract
Objective: Anterior segment ischemia (ASI) is a serious complication of strabismus surgery and other 
ocular procedures. The purpose of this study is to evaluate variation of the long posterior artery (LPCA). 
These variations may predispose patients to anterior segment ischemia following strabismus surgery, 
and proper mapping may provide surgical “danger zones” for other invasive ocular procedures. 
Subjects: A total of 100 preserved cadaveric eyeballs from University of Nebraska Medical Center 
(UNMC), Creighton University, and Kansas City University (KCU) were utilized for this study. 
Methods: LPCAs were identified, isolated, and counted prior to removal of the choroid. Two distances 
were measured from within the orbit: (1) the penetration point of the LPCA through the sclera to the 
center of the optic nerve and (2) the penetration point of the LPCA through the sclera to the superior 
border of the corresponding rectus muscle. The data was analyzed to determine the number and location 
of LPCAs that contribute to the major arterial circle of iris. Independent sample t-tests were used to 
determine significant differences comparing the number of arteries and penetration points between right 
and left eyes, medially and laterally located arteries, and sex. 
Results: Significant differences were found between subjects with one vs two LPCAs, males vs females, 
and medially vs laterally located arteries in at least one of the two measurements. Thirty-three of 100 
eyeballs had only one LPCA (33%). 
Conclusions: This study demonstrates that a larger percentage of patients may be predisposed to 
anterior segment ischemia than previously reported. It also provides a surgical “danger zone” that 
will enable surgeons to avoid damaging the long posterior ciliary artery during invasive choroidal and 
orbital procedures. This knowledge will facilitate more appropriate management of patients including 
preoperative screenings, intraoperative isolation of the long posterior ciliary artery, more frequent 
postoperative monitoring, and accelerated initiation of treatment plans.

Introduction
Anterior segment ischemia (ASI) is a result 
of decreased blood flow to the anterior 
segment of the eye and has been observed in 
patients with occlusive vascular disorders, 
such as carotid artery or ophthalmic artery 
obstruction, leukemia, sickle cell disease, 
and others [1]. ASI is also a rare but serious 
complication of strabismus surgery resulting 
in irreparable vision loss [2]. 
There are typically seven anterior ciliary 
arteries which branch from the muscular 
arteries and travel with the extraocular 
musculature, two anterior ciliary arteries on 
each of the four rectus muscles, except for 
the lateral rectus muscle that is classically 
described as only having one. The anterior 
ciliary arteries supply the rectus muscles, 
conjunctiva, and sclera before anastomosing 
with the long posterior ciliary arteries to 
form the major arterial circle of the iris [3,4]. 
There are 1-2 long posterior ciliary arteries 

that travel near the optic nerve and pierce 
the posterior aspect of the sclera to supply 
the choroid and ciliary muscle before joining 
the major arterial circle of the iris [4]. This 
anastomosis of the anterior ciliary arteries with 
the long posterior ciliary arteries in the major 
arterial circle of iris is vital in maintaining 
perfusion during times of decreased blood flow 
such as strabismus surgery [5]. 
ASI occurs when the anterior ciliary artery 
is severed along its course through the 
extraocular muscles during disinsertion from 
the sclera as part of the procedure. Interruption 
of blood flow through the anterior ciliary 
vessels leads to a decrease in blood supply to the 
anterior segment and may result in ischemia if 
the long posterior ciliary arteries are unable 
to provide adequate collateral circulation. 
The communication and integrity of these 
arteries and their anatomic patterns is vital in 
prevention of ASI [5]. Although variations and 
mapping of the long posterior ciliary artery 
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have not been extensively studied, anterior segment vessel 
density, occlusion, and variations to the vascular network of 
the iris have given some insight into possible predispositions to 
anterior segment ischemia [6-8]. Barabino & Dana describe the 
long posterior ciliary artery as the most important vessel which 
provides blood to the anterior segment [9]. 
Given the importance of this relationship between the anterior 
and posterior ciliary arteries, this study was designed to 
evaluate variation of the long posterior artery and elucidate its 
path as it pierces the posterior sclera and travels to the major 
arterial circle of iris. These variations may predispose patients 
to anterior segment ischemia following strabismus surgery, and 
proper mapping may provide surgical “danger zones” for other 
invasive ocular procedures.
Method
A total of 100 preserved cadaveric eyeballs from University of 
Nebraska Medical Center (UNMC), Creighton University, and 
the anatomy labs on both campuses of Kansas City University 
(KCU) were utilized for this study. IRB/Ethics Committee ruled 
that approval was not required for this study. The dissection was 
performed via an anterior approach following removal of the 
orbital contents. Dissection was performed and photographs 
taken using a Zeiss Meditech AG dissection scope. Bulbar 
conjunctiva was removed, and eyelids resected to expose the 
insertion points of the four rectus muscles on the sclera. Each 
rectus muscle was isolated and cleaned to be used as a landmark 
for measurement. The choroid was exposed by making a shallow, 
circumferential incision in the sclera 1-2 cm from the limbus, 
followed by removal of overlying sclera to a point 1cm proximal 
to the insertion point of the four rectus muscles. 
Long posterior ciliary arteries were identified, isolated, and 
counted prior to removal of the choroid. Two distances were 
measured from within the orbit: (1) the penetration point of the 
LPCA through the sclera to the center of the optic nerve and 
(2) the penetration point of the LPCA through the sclera to the 
superior border of the corresponding rectus muscle. (Figure 1). 
The data was analyzed to determine the number and location 
of long posterior ciliary arteries that contribute to the major 
arterial circle of iris. Independent sample t-tests were used to 
determine significant differences comparing the number of 
arteries and penetration points between right and left eyes, 
medially and laterally located arteries, and sex. The intraclass 
correlation coefficient (ICC) was calculated from a sample of 8 
eyeballs in order to determine interrater reliability between 2 
raters for all measurement points [10]. (Table 1).

Figure 1. Depiction of the two distances measured: the penetration 
point of the LPCA through the sclera to the center of the optic nerve 
and the penetration point of the LPCA through the sclera to the superior 
border of the corresponding rectus muscle. Also depicted is a surgical 

“danger zone”.

Measurement Intraclass Correlation 
Coefficient 

Strength as according 
to Fleiss10

1 .82 Excellent
2 .74 Excellent
3 .98 Excellent
4 .68 Fair to good
5 .52 Fair to good
6 .91 Excellent
7 .88 Excellent
8 .74 Fair to good

Table 1. Interrater Reliability

Results
The average distance of the long posterior ciliary artery from 
the optic nerve was 0.9122 cm with an average distance inferior 
to the superior border of the rectus muscle being 0.1286. Any 
measurement located inferior to the superior border of the 
rectus muscle was assigned a negative value and is depicted 
as a negative value in the graphs. This is depicted in Figure 2. 
There were no statistically significant differences between left 
and right eyeballs. Subjects with one long posterior ciliary 
artery showed a small but significant difference in average 
distance from the superior border of the rectus muscle than 
those with two (0.1796 cm v 0.1165 cm, p = 0.00252). This is 
depicted in figures 3 and 4. The average distance from the optic 
nerve between those with one long posterior ciliary artery 
versus two was not statistically significant. Males showed larger 
average distance of the long posterior ciliary artery from the 
optic nerve (0.9321 cm v 0.8821 cm, p = 0.0101) compared to 
females, with no statistically significant difference between 
average distance from the superior border of the rectus muscle, 
which is depicted in figures 5 and 6. On average, the medially 
located long posterior ciliary arteries penetrated the sclera more 
distally than laterally located arteries (0.9303 cm v 0.8752 cm, 
p = 0.0056). On average, medially located arteries were also 
located more inferiorly than laterally located arteries (0.1482 cm 
v 0.0795, p = 0.0005), which is depicted in figures 7 and 8. Sixty-
seven eyes had both medially and laterally located arteries, 29 
eyes had one artery located medially, and 4 eyes had one artery 
located laterally.
Thirty-three of 100 eyeballs had only one long posterior ciliary 
artery (33%). Of these eyes, 33 (100%) penetration points were 
found at or below the superior border of the rectus muscle 
depicted in figure 3.
Figure 9 depicts a surgical “danger zone” that indicates the 
location with the highest probability of hitting the long posterior 
ciliary artery as it pierces the sclera. 
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Figure 2. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. All data points are included (n=167).  
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Figure 3. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from subjects with one artery are 

included (n=33).  
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Figure 4. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from subjects with two arteries 

are included (n=134).
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Figure 5. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from subjects with two arteries 

are included (n=134).
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Figure 6. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from subjects with two arteries 

are included (n=134).
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Figure 7. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from medially located arteries are 

included (n=96).
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Figure 8. Penetration point of the long posterior ciliary artery. Distance from the superior border of the 
rectus muscle is plotted vs. the distance from the optic nerve. Data points from laterally located arteries are 

included (n=71). 
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Figure 9. Surgical “danger zone”. Each color change represents a 0.1 cm diameter increase beyond the 
center point of the average penetration point of the long posterior ciliary artery. Ninety-two percent of all 

data points fall within 0.6 cm diameter from the center point.
Conflict of Interest: No conflicting relationship exists for any author.



Page 11 of 11

Adam Lewis, et al.: Surgery Research Journal. 2021; 1(1):1-11

Sur Res J. (2021) Vol 1, Issue 1

Discussion
The purpose of this study was to evaluate variation of the long 
posterior artery, to create a surgical “danger zone” along its 
path as it pierces the posterior sclera and travels to the major 
arterial circle of iris, and to determine any factors that may 
predispose patients to anterior segment ischemia following 
strabismus surgery. These factors may include number 
of arteries, sex, medially or laterally located arteries, and 
differences between right and left eyes. 
Disinsertion of the rectus muscles results in an interruption 
of blood flow to the major arterial circle of iris due to loss of 
blood flow through the anterior ciliary arteries found within 
the muscle [11]. The long posterior ciliary artery is now the 
sole source of blood flow supplying the anterior segment 
in that area. The number of long posterior ciliary arteries 
per eyeball varies in the literature. Some studies even found 
that 97% of people have both medial and lateral arteries 
in each eye [9,12]. The current study determined a much 
larger number of patients (33%) only have one long posterior 
ciliary artery compared to two, which may predispose these 
patients to anterior segment ischemia. Determination of such 
predispositions may help guide management of these patients 
with more frequent postoperative monitoring and initiating 
treatment plans earlier post-op. 
Due to the unilaterality of many ocular procedures, it is 
important to note differences in length between medially 
and laterally located long posterior ciliary arteries. Medially 
located arteries penetrated the sclera more distally and more 
inferiorly than laterally located arteries. This difference may 
be useful for surgeons performing operations on one side of 
the eye versus the other [13]. The fact that 67% of eyes had both 
medially and laterally located arteries, 29% had one artery 
located medially, and only 4% had one artery located laterally 
suggests that procedures involving the medial orbit/eye may 
increase risk of damage to the long posterior ciliary artery as 
they are found in higher frequency on the medial side. 
The increased mean distance of long posterior ciliary artery 
scleral penetration from the optic nerve in eyes from male 
cadavers compared to female may increase risk for males 
undergoing invasive procedures. Procedures involving the 
medial, lateral, and posterior orbital walls may damage 
this artery due to its delayed penetration through the sclera 
compared to females [13-15]. 
Mapping a surgical “danger zone” may help surgeons avoid 
damage to the long posterior ciliary artery during invasive 
procedures or probe insertion, as many of these procedures 
require precise incision or device placement. Knowledge 
of the exact location during invasive procedures such as 
cryoprobe placement, external scleral buckling of the fovea, 
resection of choroidal melanoma, intraocular injections, 
orbital decompression, and other choroidal procedures may 
help surgeons locate the long posterior ciliary artery to avoid 
damage and disruption of blood flow. This knowledge may help 
prevent hemorrhage or other post-operative complications 
including ASI [15-19]. 
Further studies should attempt to evaluate a more diverse 
population and continue to elucidate variations in the long 
posterior ciliary artery anastomosis with the anterior ciliary 
arteries. 
This study demonstrates that a larger percentage of patients 
may be predisposed to anterior segment ischemia than 

previously reported. It also provides a surgical “danger 
zone” that will enable surgeons to avoid damaging the long 
posterior ciliary artery during invasive choroidal and orbital 
procedures. This knowledge will facilitate more appropriate 
management of these patients including preoperative 
screenings, intraoperative isolation of the long posterior 
ciliary artery, more frequent postoperative monitoring, and 
accelerated initiation of treatment plans.
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