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Abstract 

This review systematically analyzed the risk factors for perioperative vision loss (POVL) and temporary perioperative vision loss 

(TPOVL) from the perspectives of anatomy and pathophysiology in non-ophthalmic surgeries. The study confirmed that in cases of 

POVL, the prognosis of TPOVL is the best, because the damaging factors causing TPOVL are reversible and can heal on their own 

under medical intervention or without intervention, while POVL may lead to irreversible severe consequences because its damaging 

factors are irreversible. This article also summarizes the current effective treatment plans for individual cases. The conclusion 

emphasizes that the development of postoperative POVL has strong individual differences. Patients undergoing different surgeries 

not only share common perioperative POVL risk factors, but also have different risk characteristics and unique pathophysiological 

features. Personalized strategies should be developed based on the individual patient's condition and surgical method to control risk 

factors, thereby reducing the incidence of POVL or converting it into TPOVL, and ultimately achieving the best therapeutic effect. At 

the same time, in the future, with more data support, it may be possible to establish a risk prediction model for POVL and TPOVL, so 

that more precise medical interventions can be taken during the perioperative period to reduce the probability of occurrence of these 

two complications and evaluate the prognosis. This is one of our important future work directions. 
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1. Introduction 

Perioperative visual loss associated with non-ophthalmic 

surgery (POVL) is a serious and rare complication that can lead 

to lifelong blindness in patients after surgeries other than those 

in the ophthalmology department. Its pathology mainly consists 

of retinal vascular occlusion (RVO), ischemia optic nerve (ION), 

including anterior ischemic optic nerve (AION), posterior is-

chemic optic nerve (PION), cortical blindness (CB), central 

retinal artery occlusion (CRAO), and posterior reversible en-

cephalopathy (PRES). A large number of studies have found 

that this complication is most common after cardiac surgery [1, 

2] and spinal surgery [3, 4], and also occurs in a considerable 

number of cases in brain surgery [5, 6] and cerebral vascular 

intervention [7, 8]. Although the incidence of other surgeries is 

extremely low, case reports have been seen in various surgeries 

[9-12]. Despite years of case summaries, multiple risk factors 

have been found that may increase its incidence, and medical 

staff have also tried to minimize these risks during the perioper-

ative period. However, POVL still occurs in various surgeries, 
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and its prognosis varies greatly. POVL is generally classified 

into three types: inflammatory arthralgia caused by giant cell 

arteritis, non-inflammatory arthralgia caused by non-giant cell 

arteritis, and POVL caused after surgery [13]. This article only 

discusses POVL caused after surgery. Some patients with 

POVL may still not regain their vision after treatment, while 

others may lose part of their visual field. However, some patients 

can recover their vision after treatment and without obvious com-

plications [5, 14]. These patients are called tmporary perioperative 

visual loss associated with non-ophthalmic surgery (TPOVL). 

A ten-year-long epidemiological study involving 5.6 million 

patients in the United States, covering nine common surgical 

procedures in cardiology, orthopedics, and general surgery, 

found that the incidence in postoperative of POVL was the high-

est in cardiac and spinal fusion surgeries. The national estimated 

value for the former was 8.64 per 10,000, and for the latter it was 

3.09 per 10,000 [15]. Although other studies reported different 

epidemiological data, the conclusions remained largely un-

changed [16, 17]. Patients under 18 years old, especially males, 

are prone to CB, while patients over 50 years old are more likely 

to develop ION and RVO [17, 18]. Overall, the incidence of 

PVOL shows a downward trend [15]. Some studies have pro-

posed that the occurrence of POVL in patients is the result of the 

combined effect of multiple risk factors, and the prognosis is 

often poor [19]. Therefore, there are relatively more reports on 

POVL. TPOVL can be regarded as the best prognosis after 

POVL occurs. However, due to the different prognoses, it sug-

gests that there must be different pathological physiological 

conditions between the two. Moreover, because the progno-

sis of TPOVL is good, studies on it are rare, its risk factors 

are not completely clear, and the relationship between it and 

surgical treatment also needs to be clarified. 

This review attempts to summarize the diagnosis and treat-

ment of surgical cases with two different prognoses of POVL, 

including disease types, risk factors, surgical plans, treatment 

conditions, and other data. It aims to identify the differences in 

risk factors between patients with different surgical outcomes 

and the corresponding disease progression. The main purpose is 

to provide a theoretical summary for the clinical goal of control-

ling these risk factors as much as possible during the periopera-

tive period to reduce the occurrence of the above complications 

or to adopt corresponding treatment strategies in a timely man-

ner after their occurrence to achieve the best prognosis. 

2. The Anatomy of the Visual Nerve 

Pathway Is the Basis for the 

Occurrence of POVL and TPOVL 

2.1. The Composition of the Visual Pathway and 

Its Anatomical Relationship with 

Surrounding Tissues 

The optic nerve is composed of the axons of the inner 

ganglion cells of the retina that converge at the posterior part 

of the retina. It runs backward and inward through the orbit, 

passes through the optic canal and enters the middle cranial 

fossa, forming the optic chiasm. Then it forms the left and 

right optic tracts, which mainly project to the lateral genicu-

late body and recombine to form the optic radiation. This 

radiation projects through the posterior limb of the internal 

capsule to the visual cortex of the occipital lobe. Thus, the 

entire visual pathway of the lesion area is formed. In this 

pathway, any damage to any part will cause corresponding 

visual disorders [20]. The optic nerve generally runs along 

with the ophthalmic artery and is mainly composed of the 

intraocular segment, the orbital segment, the canalicular 

segment, and the intracranial segment. The intraocular seg-

ment is within the optic nerve at the optic disc and mainly 

spreads in a fan-shaped manner behind the retina. The orbital 

and canalicular segments are mostly surrounded by the 

membranes composed of dura mater, arachnoid mater, and pia 

mater and are provided with part of the blood supply by them. 

The cavity between the dura mater and arachnoid mater is the 

subdural cavity, and the cavity between the arachnoid and pia 

mater is the subarachnoid cavity, which contains cerebrospi-

nal fluid. Therefore, an increase in intracranial pressure can 

directly lead to an increase in intraocular pressure. The intra-

cranial segment is adjacent to the sphenoid small wing, ocu-

lomotor nerve, abducens nerve, and ophthalmic artery. 

2.2. The Circulatory System of the Visual 

Pathway 

2.2.1. Arterial Blood Circulation 

The blood supply of the optic nerve mainly comes from the 

ophthalmic artery and its branches. The surface of the optic 

disc is mainly supplied by the Zinn-Haller ring formed by the 

central retinal artery, the short posterior chamber ciliary artery, 

and the choroidal artery, as well as the branches of the poste-

rior communicating artery. The blood vessels are distributed 

in a fan shape at the optic nerve head, which can well explain 

the segmental vision loss seen in ischemic diseases [21]. The 

orbital segment and the intracanalicular segment are mainly 

supplied by the branches of the ophthalmic artery, the 

branches of the optic nerve meningeal artery, and the branches 

of the posterior short ciliary artery. The intracranial segment 

is mainly supplied by the branches of the internal carotid 

artery and the anterior cerebral artery. Overall, the blood 

supply to the optic nerve shows a segmental distribution, and 

the interconnections between different sources of blood ves-

sels are relatively few. This makes it difficult for the optic 

nerve to obtain compensation from other vessels if the blood 

supply at a certain location decreases. Relatively speaking, the 

middle part of the optic nerve is more prone to ischemia. 

Based on this, there is a view that this part of the nerve has a 

greater correlation with PION [22]. 

The blood supply to the occipital visual cortex is mostly 
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provided by the posterior cerebral artery as the main supply-

ing vessel, supplying the visual cortex on both sides of the 

occipital sulcus (striate area, Brodmann area 17), as well as 

the surrounding areas of the occipital lobe (striate parietal area 

and striate peripheral area, areas 18 and 19). Additionally, the 

middle cerebral artery and the anterior artery both have a few 

branches supplying the visual center. It should be noted that 

the complex blood supply of the visual system shows signif-

icant individual differences [21]. This individual difference 

also makes POVL and TPOVL that occur clinically more 

uncontrollable. 

2.2.2. Venous Blood Circulation 

The venous return of the ocular vessels generally consists 

of the central retinal venous system and the vortex venous 

system. The former collects the venous blood from the inner 

layer of the retina and exits through the optic nerve canal, then 

flows into the superior ophthalmic vein or the cavernous sinus. 

The latter collects the venous blood from the choroid, iris, and 

ciliary body, and flows into the superior ophthalmic vein or 

the infraorbital vein, eventually returning to the cavernous 

sinus. The venous anastomoses are slightly better than the 

arteries. If there is a major venous obstruction, the anasto-

moses can perform drainage [22]. 

3. The Pathophysiology of POVL and 

TPOVL Determines Their Prognosis 

The pathophysiology of POVL and TPOVL caused by 

different diseases shows that they have extremely similar 

injury mechanisms. According to the literature reports, the 

main occurrence time of POVL is during surgery. Under the 

combined effect of related risk factors, local ischemia and 

hypoxia [23] or mechanical compression [20] occur in a cer-

tain part of the visual pathway, leading to dysfunction in the 

transmission or processing of visual signals. The most com-

mon injury site for POVL and TPOVL is ION [24]. The 

characteristics of ION are painless and asymptomatic vision 

loss in one eye; it is divided into AION and PION. Both may 

occur simultaneously or separately. However, the risk factors 

that induce them have a clear individualized tendency, and 

different diseases may have different risk factors. 

3.1. The Pathophysiological Characteristics of 

ION 

It has a higher incidence rate in patients under 18 years old 

and over 65 years old. Its risk factors include male gender [17], 

anemia [28], surgery duration exceeding 6 hours, and in-

traoperative hypotension [25]. For patients with long-term 

prone position, an increase in intraocular pressure occurs. If 

not promptly treated, the continuous increase in intraocular 

pressure may lead to ION and subsequently develop into 

POVL. Additionally, improving anemia before surgery, 

minimizing the surgery duration [26], and reducing the time 

spent in Trendelenberg position during the operation all help 

to reduce the occurrence of ION [27]. 

3.2. The Pathophysiological Characteristics of 

AION 

Regarding AION, it mainly originates from cardiac surgery. 

RVO and ION could all be its causes. RVO is the most 

common cause [1]. RVO includes occlusion of the ocular 

artery itself, failure to remove tiny tissue emboli during left 

heart surgery to rinse the heart cavity, surgical-formed 

thrombi or other tissue emboli, emboli formed during cardi-

opulmonary bypass (CPB), calcified emboli formed during 

coronary artery bypass surgery (CABG) when operating on 

the aorta, etc. These tiny emboli can embolize in all organs, 

but due to their small size, their impact on organ function is 

extremely limited, and it is difficult to detect clinically. 

However, due to the anatomical characteristics of the ocular 

artery, even a tiny embolism can be immediately detected 

clinically in the eye [1]. Moreover, once the embolus is em-

bolized into the main blood vessels supplying the anterior 

visual system, it may constitute AION. Some studies have 

also found that simultaneous occlusion of the central retinal 

artery and vein can cause AION [28]. This may be related to 

long-term abnormal elevation of eye venous pressure during 

the operation, slow blood flow, high coagulation state of 

blood, and eventually the formation of venous thrombosis. 

3.3. The Pathophysiological Characteristics of 

PION 

Regarding PION, it is commonly seen in spinal surgeries 

[BG] and radical cervical dissections [29], especially bilateral 

cervical dissections [30]. The former occurs due to common 

reasons such as prolonged prone position and excessive time 

in Trendelenberg position, long operation duration, and sig-

nificant blood loss, etc. The latter occurs when the arteries and 

veins related to the eyes are cut during the surgery, leading to 

AION and PION, which is an important risk factor for post-

operative POVL [31]. Other related risk factors are also as 

mentioned earlier [32]. Some believe that PION is relatively 

an independent risk factor, and its diagnosis requires exclud-

ing all other causes that lead to POVL before it can be con-

firmed [33]. PION is more likely to occur in cases with severe 

perioperative anemia and severe hypotension, and the condi-

tion is severe and has a poor prognosis [32]. Its pathological 

manifestations are ION, RVO, CB or extensive infarction of 

the bilateral ophthalmic nerve orbital segments [19, 30]. Only 

a few patients can occasionally recover [34]. 

3.4. The Pathophysiological Characteristics of 

CB 

Regarding CB, CB refers to visual loss caused by bilateral 
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occipital lobe lesions. However, the causes of CB are nu-

merous. It is closely related to ischemia, injury, obesity, direct 

compression of cervical blood vessels, etc. [35]. Even in the 

supine position, CB can occur even if there are obvious risk 

factors before the surgery. There is a case report of a patient 

who developed CB during spinal surgery in the supine posi-

tion. After a brain MRI, it was shown that there was a trans-

verse artery infarction and a left vertebral artery dysplasia. 

After anticoagulation treatment, the patient's vision recovered 

only after one year [36]. For CB caused by unilateral occipital 

visual center lesion, with treatment, patients may also expe-

rience functional recovery [36]. Additionally, the occurrence 

of CB is sometimes closely related to psychology, cognitive 

psychology, neurophysiology, and neuropsychiatry [37]. 

Therefore, in surgical procedures, the psychological changes 

of patients may also lead to transient CB. In conclusion, the 

occurrence of CB is a complex process involving both phys-

iological and psychological factors. Therefore, for some CB 

patients, the cause may not be clear after surgery and they may 

recover spontaneously, which may be related to this. 

3.5. Regarding the Rehabilitation of POVL 

Regarding the rehabilitation of POVL, this should be re-

lated to the re-opening of the blocked blood supply vessels, 

compensation, or recovery of the corresponding nerve dam-

age. If the harmful factors can be removed or improved before 

the permanent damage to the visual pathway tissue occurs, the 

visual pathway tissue can return to normal, and vision can be 

fully or partially restored, resulting in TPOVL or the recovery 

of part of POVL [5, 12, 14]. 

4. Risk Factors of POVL and TPOVL in 

Surgical Procedures 

4.1. Surgery Related to the Brain Region 

4.1.1. General Neurosurgery 

In neurosurgical procedures, there are numerous literature 

reports of the occurrence of POVL and TPOVL. A case report 

states: A patient with a unilateral parieto-occipital meningi-

oma experienced complete blindness after the successful 

surgery. Flash visual evoked potentials confirmed no response 

in the retina, optic nerve, and visual center. It was not until 24 

hours later that the patient gradually began to recover [5]. 

Based on the anatomical characteristics of the visual nervous 

system, the most likely scenario is that during the resection of 

the occipital meningioma, the blood vessels that entered the 

visual nervous system (including the visual center) from the 

meninges were partially cut off and then lucky compensated 

by other blood vessels. Additionally, this surgery had a sig-

nificant amount of bleeding, and both of these risk factors 

simultaneously led to TPOVL. Shahriari M et al. reported a 

case of a pediatric patient with frontal epidural abscess caused 

by total sinusitis, which occurred after the treatment with 

supine bilateral frontal craniotomy. The specific risk factors 

are unknown, and they should be similar to those described 

earlier [34]. 

4.1.2. Endovascular Therapy and Optic Nerve 

Sheath Decompression Surgeries 

One piece of evidence related to blood supply is that among 

19 patients with cerebellar tentorium dural arteriovenous 

fistulas treated with endovascular embolization, one patient 

experienced permanent limited left visual field loss after the 

surgery, and another patient suffered temporary vision im-

pairment (double vision). The risk factors for these compli-

cations in these two patients might be due to the permanent 

loss of arterial blood supply to part of the visual system and 

the short-term transient insufficiency caused by the emboli-

zation [7]. Besides, the reduction of arterial blood supply to 

the optic nerve pathway can cause POVL and TPOVL, while 

venous obstruction can also cause POVL and TPOVL. In 

patients with progressive cerebral venous sinus thrombosis, 

vision gradually declines. After the percutaneous cerebral 

venous sinus stent implantation and the combination of anti-

coagulation and mannitol for reducing intracranial pressure 

drugs, nearly 80% of the patients' vision was stabilized or 

improved. Clearly, with the implantation of the stent, the 

intraocular venous pressure decreased, the arterial blood 

supply increased accordingly, and the ocular blood flow cir-

culation was improved, resulting in significant improvement 

of the visual disorders or visual loss and other complications. 

This indirectly proves that the improvement of vision is re-

lated to the blood supply of the visual pathway tissues [8]. 

Similarly, for patients with progressive cerebral venous sinus 

thrombosis, regardless of anticoagulation treatment and in-

tracranial pressure reduction therapy, progressive visual loss 

cannot be prevented. However, through optic nerve sheath 

fenestration surgery, the visual function of the patients can be 

improved or stabilized. This is because fenestration and de-

compression of the optic nerve sheath improves the blood 

circulation of the intracranial visual system, thereby reversing 

the trend of vision decline [38, 39]. 

4.1.3. Surgery Near the Optic Nerve 

The most common tumor near the optic nerve is a pituitary 

tumor. Due to the continuous growth and enlargement of the 

pituitary tumor, it directly compresses the optic chiasm, re-

sulting in the impairment of blood supply and nerve function 

of the optic chiasm, thus causing POVL [23]. This is signifi-

cantly different from the clinical manifestations of visual 

impairment caused by surgical operations. However, after the 

pituitary tumor resection surgery, 91% of patients experi-

enced improvement or stability in their vision [40]. Clearly, 

relieving the compression of the blood vessels and nerves of 

the optic chiasm can stabilize or improve vision. In another 
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study on samples of pituitary tumor resection, it was found 

that approximately 0.6% of patients experienced vision loss 

due to POVL after the surgery. The cause is unknown, and it 

is speculated that the reason for vision loss is the unintentional 

injury to the blood vessels leading to the visual nerve pathway 

or the visual chiasm itself during the pituitary tumor resection 

[41]. Inaccurate clinical operations causing compression of 

the patient's eyes is also one of the reasons for postoperative 

visual impairment [42]. In a Le fort I osteotomy case, due to 

the use of a curved bone chisel to achieve the separation of the 

sphenomandibular joint, the sphenoid bone was subjected to 

force, causing a change in the position of the sphenoid small 

wing, which could lead to indirect damage to the optic nerve 

and its vascular structure, thereby causing POVL [20]. 

4.2. Angiography 

If the contrast agent enters the blood supply of the visual 

nerve system, it can cause transient ischemia in some parts of 

the visual nerve tissue [1]. However, as the contrast agent is 

expelled from the corresponding blood vessels of the visual 

nerve, the patient's vision can recover. In a case where a pa-

tient underwent angiography treatment, the patient developed 

POVL, but through methods such as hyperbaric oxygen 

therapy, the patient's vision could be restored to normal [43]. 

Clinical analysis suggests that it may be because the time for 

the contrast agent to enter the blood supply of the visual nerve 

system exceeded its tolerance limit. This indicates that, on the 

one hand, the blood supply vessels of the visual nerve system 

are small and the formed vascular network is extremely frag-

ile and difficult to compensate for local ischemia; on the other 

hand, it is not ruled out that the patient's own visual nerve 

system is more sensitive to ischemia and hypoxia than the 

average person. 

Overall, surgeries on the head, surgeries involving blood 

vessels, or angiographic procedures, whether close to or not 

close to the optic nerve pathway, may cause POVL or TPOVL 

due to various reasons (mainly because the nerves of the 

visual system or the blood vessels supplying them have been 

damaged). 

5. Cardiac Surgery and CPB 

5.1. Cardiac Surgery 

5.1.1. General Cardiac Surgery 

Regarding POVL caused by cardiac surgery, there have 

been numerous clinical reviews discussing this issue [1, 44, 

45]. This article will not elaborate on it further. However, 

cardiac surgery is a type of surgery with a relatively high 

incidence of POVL and TPOVL. Based on the characteristics 

of the surgery, the most dangerous factor is the presence of 

various microemboli that block a blood supply vessel in the 

visual pathway during blood circulation. If the surrounding 

vascular network cannot compensate, this part will experience 

ischemia and hypoxia, leading to POVL. If the emboli are 

smaller, they may cause more distant, even retinal sectoral 

visual disturbances. Cardiac surgery causes AION, mostly 

due to RVO also. [46, 47]. Additionally, according to the 

research of Shen et al., the main cause of POVL in cardiac 

surgery is spontaneous RVO, ION, and the risk factors of the 

surgery itself [15, 48]. Regarding spontaneous RVO, the three 

main mechanisms are: (1) compression of the ocular blood 

vessels; (2) reduction of arterial blood supply leading to RVO, 

followed by vasospasm and/or thrombosis; (3) obstruction of 

venous return. RVO accounts for the majority in cardiac 

surgery, with others being less common. The causes of TPOV 

and TPOVL induced by cardiac surgery are as mentioned 

above [15]. 

5.1.2. Regarding Coronary Artery Bypass Grafting 

Surgery 

The pathogenesis of Coronary Artery Bypass Grafting 

(CABG) surgery is also different. For most patients who 

underwent CABG and subsequently developed POVL, it is 

usually due to the presence of multiple predisposing factors in 

the patients, including low blood pressure, anemia, internal 

carotid artery stenosis, a temporary decrease in blood supply 

to the heart during the bridge operation, and the aforemen-

tioned risk factors such as calcified emboli [1, 49]. These risk 

factors may play a decisive role. However, some studies have 

found that CABG may reduce vision without affecting the 

ocular structure. Postoperative vision loss may be attributed to 

changes in cells, visual pathways, or cell molecules in the 

central nervous system [34]. At the same time, it has also been 

discovered that the choroidal thickness under the macula 

significantly increases after CABG, which may be beneficial 

for some high-risk patients [50]. 

5.2. Regarding CPB 

During cardiac surgery when using CPB, gas emboli may 

form. Studies have confirmed that bubble-type oxygenators 

are associated with increased retinal microembolism and 

postoperative neurocognitive deficits [51, 52]. During the 

CPB support process, there is an extremely close contact 

opportunity between gas and blood. Occasionally, gas may 

enter the blood and form gas emboli. Sometimes, tiny gas 

emboli may "escape" the filtration device and enter the ar-

teries, thus appearing in the human blood circulation. If these 

gas emboli happen to occlude the blood vessels in the visual 

pathway, they may cause clinical symptoms to be discovered 

quickly. However, gas emboli can be absorbed, and the blood 

circulation may recover quickly. The emboli are also very 

small, so this kind of damage is generally reversible. 

In summary, the risk of POVL after cardiac surgery is 

higher than that after general surgeries. Moreover, AION is 

the most common type, and the risk factors are quite clear, 

mainly including conventional factors such as embolism, 

http://www.sciencepg.com/journal/js


Journal of Surgery http://www.sciencepg.com/journal/js 

 

189 

hypotension, anemia, and internal carotid artery stenosis. 

However, the causes of visual abnormalities caused by CABG 

are completely different from this. It is not necessarily caused 

by ocular anatomical changes. It may also be caused by mo-

lecular changes in retinal cells, visual pathways, or cells in the 

central nervous system. 

6. Orthopedic Surgery 

Regarding orthopedic surgeries, especially spinal surgeries, 

there are quite a number of reports and reviews in the litera-

ture [15, 19]. Other orthopedic surgeries also have case re-

ports [53, 54]. In general, the complications caused by or-

thopedic surgeries are mostly POVL, while TPOVL is re-

ported less [55]. 

6.1. Spinal Surgery 

Including cervical surgery [56], spinal surgery is the most 

related surgery to ION [15]. Especially, the incidence of 

POVL during surgeries with prolonged prone position and 

Trendelenburg position is relatively high. The main clinical 

manifestation is PION [19], because these two positions cause 

prolonged elevation of intraocular pressure [57]. However, 

statistically, POVL occurring in spinal surgeries covers all 

visual nervous system injuries: such as AION, PION, CRAO, 

CB, and PRES. But the most common causes are AION and 

PION, accounting for about 89% of the cases. RVO, CB, and 

PRES account for only a few cases [19]. Long-term surgical 

operations in Trendelenburg position or prone position by 

patients, as well as combined anesthesia factors and patients' 

own sensitivity, can all lead to POVL [58]. Similarly, various 

high-risk factors play an undeniable role in causing POVL in 

spinal orthopedic surgeries. One patient failed to correct the 

original cardiovascular problems before the surgery, had 

severe anemia and bilateral posterior communicating artery 

and occipital lobe infarction as risk factors, underwent lami-

nectomy at the L2-L4 level in the lumbar spine, and experi-

enced hemodynamic instability during the operation, and then 

their vision was immediately impaired [59]. In orthopedic 

surgeries, patients undergoing spinal correction or posterior 

lumbar fusion surgery seem to face the highest risk [61]. 

Regarding TPOVL caused by spinal surgeries, there are fewer 

reports. There was a case of a 11-year-old female patient with 

muscular dystrophy who developed TPOVL during a poste-

rior spinal fusion surgery under spinal decompression and 

internal fixation due to hypotensive anesthesia during anes-

thesia. The cause was temporary CB [55]. 

6.2. Other Orthopedic Surgeries 

Literature reports have indicated that total hip arthroplasty 

can cause AION and shoulder arthroplasty can cause PION 

[53]. The former led to bilateral blindness in a patient who 

was normal before the operation. The occurrence of AOVL 

might be due to intraoperative blood loss and transient hypo-

tension. The latter had vascular risk factors, hypertension and 

diabetes, resulting in PION. Another report described a case 

of blindness after orthognathic surgery, with an unclear cause. 

It might be the result of the surgery itself or the combined 

effect of general anesthesia, intraoperative bradycardia, sig-

nificant blood loss and volume resuscitation with colloid and 

crystalloid fluids. Postoperative examination diagnosed RVO 

[60]. However, some studies have found that general anes-

thesia and/or surgical injury during orthopedic surgeries do 

not necessarily cause retinal damage (measured by optical 

coherence tomography) [61]. Therefore, as one of the risk 

factors, the pathophysiological mechanism of general anes-

thesia and/or surgical injury in the occurrence of AION still 

needs further research. In addition, POVL also has a certain 

lag. A patient with a midshaft femoral fracture who underwent 

internal fixation surgery became blind in both eyes 14 hours 

after the operation and was eventually diagnosed with 

Purtscher's retinopathy. Anticoagulant treatment (oral 

low-molecular-weight heparin and Vasonit® 400 mg bid) was 

given, and it eventually transformed into TPOVL [54]. 

However, no other risk factors were found except for the long 

operation time. 

In conclusion, most cases of POVL in orthopedic surgery 

are still related to ION. Even with all preventive measures 

taken, ION can still occur and there is no effective treatment 

plan. Therefore, it is only possible to minimize perioperative 

risk factors as much as possible, pay special attention to 

changes in intraocular pressure of both eyes, and take emer-

gency measures when necessary for treatment, or appropri-

ately raise the head during the operation to reduce intraocular 

pressure, which may help reduce the occurrence of POVL 

[57]. 

7. Surgery on Other Parts of the Body 

The incidence of POVL or TPOVL caused by surgery on 

other parts of the body is extremely low. However, individual 

case reports can be found in various types of surgeries. These 

cases can be used to identify the causes or risk factors. 

7.1. Laparoscopic Surgery 

Since the surgery requires pneumoperitoneum, injecting 

CO2 into the abdominal cavity will increase the CO2 content 

in the blood, which may lead to dilation of cerebral blood 

vessels and an increase in cerebral blood volume [58]. The 

final result is an increase in venous pressure [19]. This will 

cause an increase in intraocular pressure, leading to POVL or 

TPOVL [58]. Laparoscopic surgeries of various types can all 

cause POVL. In a case of laparoscopic cesarean section, a 

patient developed POVL. After investigation, the visual loss 

was due to the combined obstruction of the central retinal 

artery and vein [9]; Colonic surgery can also cause POVL, 

and its onset is related to an increase in intraocular pressure 
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[62]. A patient underwent laparoscopic bilateral hernia repair 

surgery. After the operation, the vision of the left eye de-

creased, accompanied by visual field loss. The diagnosis was 

that the left eye developed AION due to hypovolemia. Three 

months later, partial optic nerve atrophy occurred in the af-

fected eye [63]. This indicates that the damage to this part of 

the optic nerve system is permanent. 

7.2. Radical Neck Dissection 

POVL can occur during bilateral radical neck dissection and 

can lead to permanent blindness [30, 64]. A 52-year-old male 

with type 2 diabetes developed POVL after undergoing unilat-

eral radical neck dissection, contralateral modified radical neck 

dissection, and hemilaryngectomy. Postoperatively, he suffered 

total blindness due to POVL. Risk factors include prolonged 

hypotension and bleeding during the surgery. Other factors such 

as the formation of AION or PION after the destruction of the 

vessels that connect the visual nerve pathway in the neck are 

also important risk factors, and their effects vary depending on 

the scope of the surgical operation. However, if both internal 

jugular veins are retained after the surgery, vision loss may be 

reversible; if either one is removed, it may be permanent [65]. 

Even in cases of unilateral radical neck dissection, if AION de-

velops, it can cause vision loss [66]. This indicates that the 

blood vessels in the neck and those in the visual pathway must 

be interconnected through certain branches. 

Other surgeries. For some surgeries, it is almost impossible 

to systematically explain the exact risk factors. For instance, a 

36-year-old patient with no significant medical history suf-

fered from pneumothorax and then experienced temporary CB 

after the surgery [14]. Another case was a 53-year-old woman 

with no significant medical history who developed POVL 

after a ureteroscopy procedure. After treatment, her vision 

recovered and it was diagnosed as TPOVL [67]. In these cases, 

it is almost impossible to determine any perioperative risk 

factors for the occurrence of POVL and TPOVL. 

There are some randomly occurring cases with relevant risk 

factors. In the treatment of some radical prostatectomies and 

gynecological surgeries using laparoscopy, increased intra-

ocular pressure is an important risk factor for POVL [58]. 

After prostatectomy, the indicators such as blood pressure, 

hemoglobin, and hematocrit of the patients significantly de-

creased compared to before the operation, eventually devel-

oping into POVL [68]. A patient with 10% third-degree burns 

on the back and neck developed ION after prone position 

resection of necrotic tissue and autologous transplantation 

surgery. After treatment, the vision improved slightly, alt-

hough it was barely noticeable [27]. Other risk factors include 

smoking, obesity, malnutrition, and decreased blood pressure 

during the operation. Long operation time, large blood loss, 

etc. POVL can occur in various clinical diseases. 

In summary, most of these cases are reported as surgeries. 

Some may have unverifiable risk factors, while others are 

theoretical risk factors. However, during the perioperative 

period, efforts should be made to minimize or eliminate 

known risk factors in order to reduce the probability of 

POVL and TPOVL occurrence. 

8. Surgical Patients with Special Diseases 

and Special Constitutions 

For instance, patients with antiphospholipid antibody syn-

drome often have enhanced coagulation dysfunction, and they 

are prone to form blood clots during surgery, which is an 

important risk factor for POVL [69]. Similarly, surgical pa-

tients with giant cell arteritis may develop POVL after surgery 

[49]. Patients with Cushing's syndrome may experience cen-

tripetal obesity, which may cause increased abdominal pres-

sure and lead to PION [32]. Primary progressive multifocal 

leukoencephalopathy- induced primary vasculitis of the cen-

tral nervous system has a higher risk of causing POVL [50]. 

For such patients, special attention should be paid during the 

perioperative period to reduce other potential risk factors that 

may induce POVL and to lower the overall risk. For patients 

with Flammer syndrome, there is a relatively high probability 

of experiencing vision loss during the surgical procedure. 

This is an independent risk factor. The insufficient internal 

perfusion around the eye is the key pathological and physio-

logical core for all patients, which leads to an unstable blood 

flow in the eye. Combined with a high reactivity to pharma-

cological stimulation, it causes a disorder in the 

self-regulation of blood supply, thereby resulting in occlusion 

of the eye [70]. 

In addition, before the operation, patients should avoid using 

catecholamine drugs that can cause vasoconstriction [4], such as 

drugs containing synephrine, compound ephedra, etc. [71]. 

Some patients developed RVO after taking synephrine supple-

ments, although it eventually progressed to TPOVL, causing 

irreversible damage to the retina. The optic nerves of some pa-

tients, especially their vascular systems, may be particularly 

vulnerable to hemodynamic changes during the prone position. 

Such risk factors that cannot be detected before the operation 

can only be hoped to be controlled during and after the opera-

tion [2]. Therefore, Hayreh et al. attributed AION to individual 

differences in optic nerve blood supply [72]. 

In summary, the susceptibility of such patients' nervous 

system in terms of physiology and anatomy can all lead to 

POVL [24]. Other factors such as carotid artery stenosis, 

lacunar cerebral infarction, diabetic or hypertensive reti-

nopathy, macular degeneration, and glaucoma are all potential 

risk factors for this disease. 

9. Treatment Plan 

9.1. Quickly Restore Blood and Oxygen Supply 

to the Optic Nerve Pathway 

Efforts should be made to quickly restore blood and oxygen 
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supply to the optic nerve pathway. The majority of POVL cases 

are caused by ischemia and hypoxia in the visual nervous sys-

tem. The use of hyperbaric oxygen [43] can alleviate symptoms 

until vision is restored. Rapid restoration of blood and oxygen 

supply is an important measure for improving symptoms. 

9.2. Glucocorticoids 

Glucocorticoids can temporarily reduce the degree of tissue 

damage caused by ischemia and hypoxia and prolong the time 

of their anti-ischemia and anti-hypoxia effect. This is equiv-

alent to providing more time for diagnosis and treatment of 

the disease, so the early use of glucocorticoids is of great 

significance [43]. In a sample of a surgery for head tumors, 

vision loss accounted for (0.7%), but nearly 70% of the pa-

tients could recover their vision through glucocorticoid 

treatment, and their conditions were relieved [6]. 

9.3. Recombinant Human Erythropoietin 

(rhEPO) 

There are reports that in a patient who underwent lumbar 

surgery in the prone position, the right eye developed POVL 

after the operation. Three doses of rhEPO were given at 4h, 

30h, and 60h after the operation, and the patient's vision re-

covered [73]. 

9.4. Anticoagulation, Antiplatelet Aggregation, 

Microcirculation Improvement Therapy, 

and Blood Transfusion Therapy 

Anticoagulation therapy and antiplatelet aggregation ther-

apy [36] are also an important treatment option, both of which 

are used to reduce thrombosis or to some extent dissolve 

thrombus to prevent or treat POVL caused by thrombosis. 

These two measures are generally effective. Clinically, pre-

operative use of tranexamic acid (TXA) for preventive 

treatment of POVL [74] and cases where Purtscher's reti-

nopathy occurs after femoral fracture and receiving antico-

agulation therapy (oral low molecular weight heparin and 

Vasonit® 400 mg bid) have achieved satisfactory results [75]. 

However, some literature indicates that the efficacy of an-

tiplatelet aggregation therapy is controversial [43]. Micro-

circulation improvement therapy can to some extent improve 

the vascular network of the visual nerve pathway and increase 

the ability to supply blood to the ischemic area [14]. The 

efficacy of blood transfusion is controversial. Some literature 

reports that using blood transfusion during the postopera-

tive attack as a treatment plan, its efficacy is not satisfac-

tory [68], and even massive blood transfusion during the 

operation may even become a risk factor [2]. However, 

preoperative use of blood transfusion to correct severe 

anemia and appropriate blood transfusion during massive 

bleeding during the operation is still an indispensable 

treatment option. 

9.5. The Clinical Significance of Early 

Identification and Early Intervention 

Before the operation, measures should be taken to treat the 

possible risk factors of POVL and adopt various preventive 

measures to control the risk of POVL. During the periopera-

tive period, fluid and blood management, blood pressure 

management, and close postoperative ophthalmic examina-

tions are of great significance for preventing and early detec-

tion of vision loss [64, 66]. If risk factors are found during the 

operation, measures should be actively taken to adjust them 

immediately, and appropriate resuscitation measures should 

be used; there should be no form of ocular compression, at-

tention should be paid to adjusting the neck posture, and at-

tempts to avoid possible carotid vein/venous obstruction 

and/or accidental carotid artery compression should be 

avoided. Early identification and early intervention can bring 

a relatively good prognosis [67]. In emergency situations, 

raising the head from the horizontal plane by 10° can directly 

reduce intraocular pressure [35]. Or rotating the head to one 

side by 45° alternately, then the intraocular pressure of the 

upper eye will significantly decrease [33]. This is only one of 

the schemes for directly reducing intraocular pressure during 

the operation. During implementation, special attention 

should be paid to the intraocular pressure of the lower eye. 

10. Conclusion 

Although POVL is a rare postoperative complication, its 

best prognosis is TPOVL. However, in general, there are no 

universal prevention and treatment measures for POVL. It 

shows significant individual differences. Different patients 

have the same or different perioperative risk factors, and 

different treatment plans may lead to different prognoses. 

Clinically, special attention should be paid. Before the surgery, 

the known risk factors of POVL should be minimized as much 

as possible, and then the surgery can be performed. During 

and after the surgery, active preventive measures should be 

taken. Once POVL occurs, it should be diagnosed early, and 

active measures should be taken for treatment to strive for the 

best prognosis. In the future, with the support of more data, 

we may be able to develop a POVL and TPOVL prediction 

model based on the available data. This will be more condu-

cive to more accurately predicting the probabilities of these 

two complications during the surgical perioperative period. 

Based on this, more precise medical measures can be taken 

during the perioperative period for clinical intervention to 

reduce their occurrence probabilities, and further assess the 

prognosis. This is also one of our next research directions. 
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