
http://www.avehjournal.org Open Access

African Vision and Eye Health 
ISSN: (Online) 2410-1516, (Print) 2413-3183

Page 1 of 9 Review Article

Read online:
Scan this QR 
code with your 
smart phone or 
mobile device 
to read online.

Authors:
Naazia Vawda1 
Alvin J. Munsamy1 

Affiliations:
1Discipline of Optometry, 
Faculty of Health Sciences, 
University of KwaZulu-Natal, 
Durban, South Africa

Corresponding author:
Naazia Vawda,
naaziavawda@gmail.com

Dates:
Received: 12 Nov. 2020
Accepted: 21 Sept. 2021
Published: 16 Nov. 2021

How to cite this article:
Vawda N, Munsamy AJ. A 
review of ocular perfusion 
pressure and retinal 
thickness: A case for the role 
of systemic hypotension in 
glaucoma. Afr Vision Eye 
Health. 2021;80(1), a630. 
https://doi.org/10.4102/
aveh.v80i1.630

Copyright:
© 2021. The Author(s). 
Licensee: AOSIS. This work 
is licensed under the 
Creative Commons 
Attribution License. Background

Ocular perfusion pressure (OPP) is defined as the difference between arterial blood pressure (BP) 
entering the eye and intraocular pressure (IOP).1 Low OPP occurs as a result of low BP and/or 
high IOP, with IOP being equal to retinal venous pressure.2 The vascular theory states that, in the 
event of low BP, there is a subsequent decrease in OPP, resulting in less ocular blood flow (OBF) 
and oxygen to the optic nerve head (ONH).3 Structural damage and low OPP constitute a 
secondary element in OBF reduction.2 Wang et al.1 reduced OPP by varying BP and IOP in animal 
studies to assess the susceptibility of ONH autoregulation blood flow. This showed that ONH 
blood flow was significantly affected by a decrease in OPP as a result of lowered BP, in comparison 
to increased IOP. 

The vulnerability of ONH blood flow to lowered BP provides an insight into the pathophysiology 
of glaucoma. The OBF is highly regulated by an autoregulation mechanism to adjust to changing 
visual function and subsequent changing metabolic needs. Autoregulation compensates for changes 
in OPP and maintaining the temperature at the back of the eye. A physiological or pathological 
fluctuation in OPP leads to a paralleled fluctuation of OBF.4 An impaired autoregulation capacity 
contributes to the initiation and/or progression of glaucomatous optic neuropathy and this indicates 
that the ONH can no longer compensate for the fluctuations in OPP.1

Systemic conditions that result in reduced BP, such as systemic hypotension, may consequently 
affect OPP. This review attempts to show the effect of reduced systemic BP on OPP and its resultant 

Background: Ocular perfusion pressure (OPP) is defined as blood pressure (BP) minus 
intraocular pressure (IOP). Low OPP may result in decreased ocular blood flow (OBF) and 
oxygen to the optic nerve head (ONH) and retina. 

Aim: To review the role of systemic hypotension and similar conditions in OPP and its 
influence on retinal nerve fibre layer (RNFL) thickness and the ganglion cell complex (GCC).

Method: A literature search was conducted using the following search terms: ‘systemic 
hypotension’; ‘glaucoma’; ‘retinal nerve fibre layer’; ‘optic nerve’; ‘ocular blood flow’ and 
‘ocular perfusion pressure’. 

Results: The Los Angeles Eye Study and Barbados Eye Study found that decreased OPP and 
BP increased the risk of glaucoma development by up to six times. Reduced retinal perfusion 
with resultant thinning of the RNFL in conditions with a similar mechanism, such as obstructive 
sleep apnoea syndrome, has indicated the importance of reduced OPP in retinal thickness. In 
the absence of any study directly showing the effect of systemic hypotension on OPP and 
retinal thickness, a working hypothesis proposes that reduced BP with or without normal- 
to-raised IOP will reduce OPP. The reduced OPP and OBF in those with systemic hypotension 
may result in oxidative stress and hypoxia which may then cause retinal ganglion cell death 
and the resultant retinal thinning. 

Conclusion: The increased risk of glaucoma development and progression relating to 
decreased BP and OPP has been proven to be of importance. Monitoring patients with systemic 
hypotension and evaluating the macula, ONH RNFL and GCC thickness may alert clinicians 
to possible glaucomatous changes.
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effect on the retinal nerve fibre layer (RNFL) and ganglion 
cell complex (GCC) thickness. Decreased OPP may result in 
reduced OBF and hypoxemia to retinal structures.

Methods
The literature search was performed using Google Scholar, 
PubMed and Science Direct databases, using the search terms 
‘systemic hypotension’, ‘glaucoma’, ‘retinal nerve fibre 
layer’, ‘optic nerve’, ‘ocular blood flow’ and ‘ocular perfusion 
pressure’. Articles relating to OPP and retinal thinning which 
were associated with systemic hypotension or conditions 
with a similar mechanism of reduced ocular perfusion were 
included in this review. 

Intraocular pressure
Intraocular pressure has been known to be a risk factor for 
the development and progression of glaucoma.5 Intraocular 
pressure is subject to chrono-biological rhythms and these 
fluctuations may be because of physiological factors which 
have been recognised as clinically important, because they 
can directly affect the management and diagnosis under IOP-
related conditions.6 The reported mean amplitude of daily 
IOP fluctuation ranges between 3 millimetre of mercury 
(mmHg) to 6 mmHg and with a peak IOP in the morning 
hours.7 Twenty-four-hour phasing is the most accurate 
method of determining IOP curves. However, this has proven 
to be expensive and impractical.5

A study by Dinn et al.,8 on the concordance of IOP between 
fellow eyes in primary open-angle glaucoma (POAG) 
participants, found that the IOP may fluctuate occasionally. 
The absolute change of IOP between fellow eyes was 
2 mmHg for 68% to 90% and 3 mmHg for 78% to 95%. A 
study by Shuba et al.9 found the diurnal variation between 
the right and left eyes in glaucoma suspects, and normal-
tension glaucoma (NTG) participants, to be concordant 
approximately 90% of the time. Bhorade et al.10 measured 
IOP in untreated ocular hypertensive participants with no 
evidence of glaucoma over 60 months. The study found a 
high correlation between IOP measurements in the right 
and left eyes, regardless of the time of the day. The study 
also found a higher correlation between fellow eyes at the 
same visit, as compared to different visits, suggesting that 
factors that influence IOP are more concordant at the same 

visit and that there may be no significant difference 
between eyes. 

A study by David et al.6 on 690 diurnal IOP curves found 41% 
of overall IOP peaks in the first, earliest measurement taken 
from 7:45 to 9:00. Kim et al.11 studied BP and IOP in NTG 
patients with undisturbed sleep and found that 50% of NTG 
patients experienced an IOP peak at 7:00. The mean IOP peak 
in the control group and the NTG group was highest in the 
early parts of the morning. Sajja et al.7 studied 100 healthy 
participants between 20 years and 60 years old, and found 
peak IOP readings in the morning (9:00–10:00) and troughs in 
the afternoon (15:00–16:00). 

Supine IOP studied by Liu et al.12 confirmed that nocturnal 
supine IOP was higher than diurnal seated IOP in individuals 
with healthy eyes. The study also found that, in untreated 
glaucoma patients, nocturnal supine IOP was also higher 
than diurnal sitting IOP. The main factors influencing the 
nocturnal IOP elevation may be the shift from a daytime 
upright posture to a supine posture at night.7 Kotecha et al.13 
also suggested in their study of the relationship between 
diurnal IOP and corneal thickness that the peak in measured 
IOP during the early morning may be explained in part by 
the effects of a hydration-related corneal thickness increase, 
induced by overnight eye closure.

Table 1 provides a summary of IOP patterns with regard to 
diurnal influence, as well as the concordance of IOP between 
eyes in glaucomatous and non-glaucomatous eyes.

Variables that influence IOP measurement include body 
position, water consumption, time of the day and stress. The 
IOP is lowest when the patient is sitting in a neutral position; 
and bending or tilting the head or neck can affect results. 
Water consumption increases the venous pressure and may 
result in IOP increasing by up to 6 mmHg. Increased stress 
levels cause hormonal changes resulting in changes in IOP, 
whilst pain or squeezing of the eyes may also affect 
measurements.15 In addition, IOP has been found to peak at 
night in two-thirds of patients.15

The OPP can vary, either with high IOP or low BP.2 Low OPP 
can also occur when IOP is normal and only BP is low.16 
Because IOP is within a normal range, this is related to NTG.2 

TABLE 1: Intraocular pressure patterns of behaviour in glaucomatous and non-glaucomatous eyes.
Study (year) n Population type IOP Peak Trough

Concordance between eyes

Dinn et al. (2007)8 93 POAG The absolute change of IOP between fellow eyes was 
2 mmHg for 68% to 90% and 3 mmHg for 78% to 95%.

- -

Shuba et al. (2007)9 163 NTG/Glaucoma suspects Concordant approximately 90% of the time - -
Bhorade et al. (2009)10 810 Untreated ocular hypertension No significant difference between eyes - -
Peak and trough of IOP
David et al. (1992)6 1178 Ocular hypertension - 7:45–9:00 None
Kim et al. (2011)14 102 Non-glaucomatous - 9:00 15:00
Sajja et al. (2013)7 100 Normal - 9:00–10:00 15:00–16:00

IOP, intraocular pressure; POAG, primary open-angle glaucoma; NTG, normal-tension glaucoma; mmHg, millimetre of mercury.
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The OPP becomes a dynamic factor because IOP and BP peak 
and trough throughout the day. The OPP is more sensitive to 
BP changes than IOP changes, because BP varies in the range 
of 40 mmHg to 60 mmHg and IOP varies in the range of 
5 mmHg to 8 mmHg.17 The Los Angeles Latino Eye Study18 
found a median of 17 mmHg, with only 18% of glaucoma 
participants with IOP greater than 21 mmHg. Similarly, the 
median IOP was 20 mmHg in the Baltimore Eye Survey19 
with 41% of all eyes with an IOP of greater than 21 mmHg. 
Therefore, we cannot entirely attribute IOPs greater than 
21 mmHg to this increased risk for glaucoma.20 Variations in 
IOP during the day, with regard to peaks in the morning and 
troughs in the afternoon, may result in changes in OPP. Other 
factors such as stress, water consumption and body position 
also have an influence on IOP, ultimately affecting OPP. 

Systemic hypotension: A case for 
ocular perfusion pressure
Background
Optimal in-office BP levels have been defined as less than 
120 mmHg systolic BP and less than 80 mmHg diastolic 
BP.21 The World Health Organization (WHO)22 defined 
systemic hypotension as systolic blood pressure (SBP) lower 
than 100 mmHg in women and 110 mmHg in men, 
regardless of diastolic blood pressure (DBP). The Los 
Angeles Latino Eye Study18 defined hypotension as SBP ≤ 90 
mmHg and DBP ≤ 60 mmHg. There are two known forms of 
systemic hypotension: primary hypotension which includes 
essential and constitutional hypotension, and secondary 
hypotension.23 Primary or constitutional hypotension refers 
to chronically reduced BP, independent of any pathological 
factors.24 Secondary hypotension differs as it may be as a 
result of blood loss, orthostatic hypotension or medication.23 
Constitutional hypotension is relatively widespread and is 
not commonly regarded as a threat. However, it has been 
found to have a significant impact on personal well-being 
and quality of life, as shown in several epidemiological 
studies.24 The aetiology of hypotension includes reduced 
liquid intake and low body weight; and dysregulation of 
the autonomic nervous system may be of significance.24 The 
United States National Centre for Health Statistics25 defines 
chronic disease as a condition lasting three months or 
longer. Despite systemic hypotension not being treated as 
acutely as hypertension, it may present in sufferers for 
longer than three months and may be regarded as a chronic 
condition.

Based on clinical BP measurements, it is estimated that 
symptoms develop in systemic hypotension at < 75 mmHg26 
DBP and ≤ 115 mmHg27 and < 118 mmHg28 SBP in males; and 
48.9 mmHg DBP and ≤ 109 mmHg27 and < l00 mmHg29 SBP in 
females. Chronic hypotension is a poorly understood concept 
and there is a scarcity of scientific work on the subject. 

Factors influencing clinical measurements
Several factors have been found to influence BP readings, 
such as diurnal effects, cuff size, posture and arm position, 

clothing, temperature and alcohol, caffeine and smoking 
intake. Degaute et al.30 found that BP peaks at mid-morning 
(10:00 am) and declines towards late afternoon (15:00). 
Similarly, Koroboki et al.31 found that BP in normotensives 
peaks at around 10:00 and troughs at around 16:00. Handler32 
found that the cuff being the incorrect size may cause a 
variation of approximately 10 mmHg – 40 mmHg, and if the 
cuff is placed over clothing, this may cause an increase or 
decrease in variation by 10 mmHg – 50 mmHg. The back 
being unsupported may cause the DBP to increase by 6 
mmHg and if the feet are crossed, this may also increase SBP 
by 2 mmHg to 8 mmHg. The arm is required to be at heart 
level, and BP may increase or decrease by 2 mmHg if the arm 
is above or below heart level, respectively. Smoking should 
be avoided for 30 min before the reading is taken as it can 
cause an increase in variation from 5 mmHg to 8 mmHg. A 
full bladder can increase SBP by 10 mmHg – 15 mmHg.32 
Pickering et al.33 found that not resting for 3–5 min, or 
increased stress levels because of the emotional state of the 
patient, may cause a variation of up to 40 mmHg. Cold 
temperatures also cause BP to increase. Alcohol and caffeine 
should be avoided 30 min before readings are taken and can 
increase readings by 5 mmHg – 8 mmHg. Even talking has 
been shown to increase systolic pressure by 10 mmHg – 
15 mmHg.33

Gender influences
Wessely et al.34 studied the symptoms of low BP and 
concluded that systemic hypotension is associated with 
persistent tiredness and feeling faint. A distinct relationship 
between SBP and tiredness in both men and women was 
found. In men, the trend was present only for lower SBPs; but 
in women, it was present throughout the range. Fainting and 
dizziness were significant in the youngest and the oldest 
participants, and showed a U-shaped curve. Low BP and 
both tiredness and feeling faint were most pronounced in the 
younger age group. 

Rosengren et al.28 studied the effect of hypotension on self-
perceived well-being on middle-aged men. A significant 
relationship was found between low systolic and DBP and 
impaired social, physical and mental well-being. Mental 
variables such as energy and patience were also significant 
with regard to reduced BP. In 1989, Pemberton35 used 
Australian data to analyse symptoms of heart palpitations, 
dizziness, fainting and tiredness in relation to BP. A 
significant association was found between low BP and 
tiredness in women. Pemberton also found hypotension to be 
prevalent in 3.6% of females. In a study by Pilgrim et al.,27 
dizziness and giddiness in men and unexplained tiredness in 
both men and women were significantly related to low SBP.

In a longitudinal study of the basic characteristics of 
hypotension, Akahoshi et al.36 found females to be 
predominant in their sample at 1% in comparison to males at 
0.2%. The study measured several characteristics associated 
with chronic hypotension, namely anthropometric index 
(body mass index [BMI]), heart rate and body temperature, 
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haemoglobin and biochemistry. When BMI was adjusted for 
a low heart rate, creatinine, body temperature and 
haemoglobin were significantly lowered in hypotensive 
patients, indicating a lowered sympathetic nervous system in 
hypotension. The study also found lower BMI values, which 
indicate that chronic hypotension cases occur in individuals 
with small build/slender body types, or who have small 
muscle mass. 

The basic characteristics of hypotension indicate that chronic 
hypotensive patients are predominantly females with low 
BMI. This indicates a lower sympathetic nervous system and 
small body mass, in addition to low SBP which does not 
increase with age,36 thus highlighting gender vulnerabilities 
in systemic hypotension and the possibility of OPP influences, 
which may set them at a greater risk for glaucomatous optic 
neuropathy.

Clinical significance of ocular perfusion
Low OPP is a risk factor for glaucoma. Table 2 shows 
landmark studies that explored the relationship between 
OPP and glaucoma. The Los Angeles Latino Eye Study18 
found that participants with DBP ≤ 60 mmHg, SBP 
> 160 mmHg, mean OPP (MOPP) ≤ 50 mmHg, diastolic 
OPP (DOPP) ≤ 40 mmHg and systolic OPP (SOPP) ≤ 80 
mmHg, were all associated with a higher prevalence of 
open-angle glaucoma (OAG). The Barbados Eye Study37 
found that the incidence of OAG was highest with low 
OPP. Those with low SOPP (< 101.3 mmHg) were at a 2.6 
times higher risk; low DOPP (< 55 mmHg) indicated a 3.2 
times higher risk and low MOPP (< 42 mmHg) indicated a 
3.1 times higher risk of developing OAG. The Baltimore 
Eye Survey19 found that those with DOPP < 30 mmHg had 
a six times higher risk of developing POAG when 
compared to those with DOPP > 50 mmHg. The Early 
Manifest Glaucoma Trial38 evaluated BP reduction in 
patients with normal IOP and early glaucoma and found 

that those with SBP < 60 mmHg were at higher risk of 
progression. The Proyecto VER39 studied the prevalence of 
glaucoma in Hispanics over 40 years of age. Diastolic OPP 
was calculated and it was found that those with DOPP < 
50 mmHg were at a four times higher risk of OAG. The 
Egna-Neumarkt Study40 assessed the impact of vascular 
factors on the prevalence of OAG. Lower DOPP was 
associated with a significant and progressive increase in 
the frequency of hypertensive glaucoma. The study found 
that those with DOPP < 68 mmHg were at a 2.5 times 
higher risk of OAG. The Singapore Malay Eye Study41 
(2010) studied the relationship between OPP and OAG 
and found that individuals with low DBP, MOPP < 46 
mmHg and DOPP < 54 mmHg, were all at a higher risk of 
OAG. Choi et al.42 found that MOPP was the most 
consistent clinical risk factor for NTG and that average 
RNFL thickness was significantly related to mean arterial 
pressure (MAP) and MOPP fluctuation.

Low OPP in normal patients, and those with early glaucoma 
and hypertension have been shown to increase the risk of 
glaucoma by up to six times in some cases. Low BP has also 
been found to contribute to the increased risk of progression, 
thus making the assessment of hypotension in relation to 
OPP vital in monitoring the risk of glaucoma development 
and progression.

Reduced OPP results in a loss of retinal ganglion cells (RGCs) 
as a consequence of primary and secondary insult.43 
Primarily, low OPP causes reduced ONH blood flow with 
the reduced flow of nutrients to the RGC axons, resulting in 
ONH ischemia. Furthermore, OPP fluctuation can cause 
ischemia-reperfusion damage to ganglion cells by oxygen 
free radicals and nitric oxide species.44 Secondary insult 
because of reduced OPP may occur because of abnormal 
autoregulation. If OPP falls below the lower autoregulatory 
limit, RGC’s function at lower energy levels is more 
susceptible to ischemia.43

TABLE 2: Ocular perfusion pressure and blood pressure and their association with glaucoma.
Study (year) N OPP/BP OPP/BP Association with glaucoma

Los Angeles Latino Eye Study (2010)18 287 
5843 

OAG
No OAG

MOPP ≤ 50 mmHg 
DOPP ≤ 40 mmHg
SOPP ≤ 80 mmHg 
DBP ≤ 60 mmHg

4 times higher risk of OAG.

Barbados Eye Study (2002)37 2989 At risk for OAG SOPP < 101.3 mmHg 
DOPP < 55 mmHg 
MOPP < 42 mmHg 

2.6 times higher risk of OAG
3.2 times higher risk of OAG
3.1 times higher risk of OAG

Baltimore Eye Study (1995)19 161 
5147 

POAG
No POAG

DOPP < 30 mmHg 6 times higher risk of OAG

The Early Manifest Glaucoma Trial (1999)38 255 Early glaucoma SBP < 60 mmHg Higher risk of progression
Egna-Neumarkt Study (2000)40 4087 

89 
60 
24 
37 

Normal
OHTN
POAG
NTG
Other

DOPP < 68 mmHg Higher risk of OAG

Proyecto VER (2001)39 4774
94 

Normal 
OAG

DOPP < 50 mmHg 4 times higher risk of OAG

Singapore Malay Eye Study (2010)41 3130 
150 

No Glaucoma
Glaucoma

MOPP < 46 mmHg
DOPP < 54 mmHg

Higher risk of OAG

Choi et al. (2007)42 113 NTG Mean BP and MOPP associated  
with thinning of RNFL

MOPP is a risk factor for NTG

Note: All studies used the same formulae, except for study by Choi et al.42: MBP = DBP + [1⁄3(SBP − DBP)]; MOPP = 2⁄3 (MBP − IOP). 
OPP, ocular perfusion pressure; OAG, Open-Angle Glaucoma; POAG, Primary Open-Angle Glaucoma; OHTN, Ocular Hypertension; NTG, Normal-Tension Glaucoma; MOPP, mean OPP; DOPP, 
diastolic OPP; SOPP, systolic OPP; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; RNFL, retinal nerve fibre layer. 
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Ocular blood flow, OPP and retinal associations
The OBF is the driving force for OPP, and thus a primary 
pathogenetic step in OBF instability, leading to RGC loss and 
serving as a premise for this discussion.2,45 Vascular factors 
and the instability of blood flow are predictors of progression.2 
Besides this, optic disc haemorrhage, migraine and 
obstructive sleep apnoea syndrome (OSAS) have also been 
found to been predictive factors for glaucoma progression. 
The risk for, and progression of, both POAG and/or NTG 
increases with the influence of OPP. 

Migraines are known as vasospastic disorders and have been 
associated with NTG. The Low-Pressure Glaucoma 
Treatment Study46 reported migraines as a predicting factor 
for optic disc haemorrhage in NTG cases. Trivli et al.2 found 
that 65% of patients with NTG with systemic hypotension 
also presented with vasospasm. This could highlight the 
additional role of vascular dysregulation. Subgroups related 
with vascular dysregulation include those on multiple 
systemic anti-hypertensive medication, patients with 
orthostasis, systemic nocturnal hypotension, vascular disease 
and endothelial dysfunction. A common characteristic of 
dysregulation under these conditions is a disruption in the 
vascular mechanism, occurring either primarily or secondary 
to other changes, which can interfere with autoregulation 
and increase ONH susceptibility to vascular changes.47

The pattern electroretinogram (PERG) has been established 
as a sensitive indicator of the inner retinal dysfunction 
induced by acute or chronic ischemia in vascular occlusive 
diseases. Experimental studies in humans, using the PERG, 
showed that a decrease in RGC function was proportional to 
the decrease in OPP.48 Bowd et al.49 suggested that the PERG 
amplitude is significantly associated with macular GCC 
thickness, RNFL thickness and macular thickness, and is 
primarily driven by RGC responses. Animal studies50 
recorded ganglion cells’ action potentials and tested the 
sensitivity of the RNFL at varying BP and IOP levels and 
found that the ganglion cell axon electrical function was 
dependent on OPP and not on the absolute IOP. Other animal 
studies51 also altered OPP by maintaining IOP and lowering 
BP levels, and determined the electrical activity of the 
ganglion cells using the PERG and flash electroretinogram 
(FERG). The study showed that the ERG amplitude responses 
are impaired as the OPP decreases and disappears when OPP 
reaches a critical value. This indicates that the impairment of 
the retinal blood supply may be responsible for the 
disappearance of the retinal electrical activity during OPP 
alteration. Furthermore, the RGCs appear less likely to 
recover from the acute ischemic episode. 

Ocular blood flow reduction or instability, resulting in a 
decrease in OPP, is an important factor associated with 
glaucoma progression. Hypotension, migraines and OSAS all 
have common factors, which ultimately may lead to the 
disruption of RGC function and subsequently retinal thinning. 

The role of GCC and RNFL thickness 
in retinal perfusion
The utility of GCC and RNFL evaluation in 
glaucoma
The GCC is made up of the RNFL, the ganglion cell layer 
(GCL) and the inner plexiform layer (IPL).52 The IPL is made 
up of the ganglion cell dendrites, the GCL consists of the 
ganglion cell bodies and the RNFL is made up of the ganglion 
cell axons.53 Because the GCC is made up of axons, cell bodies 
and dendrites of the GCL, it can assist in early glaucoma 
detection.52 A decrease in macular thickness is because of 
thinning of the GCL and has been documented in glaucoma 
subjects.54 

Retinal ganglion cells have been found to be particularly 
sensitive to acute, transient and mild systemic hypoxic 
stress.55 Results from a study by Bhagat et al.53 showed that 
GCC analysis may find progression at an early stage analysis 
in pre-perimetric glaucoma. Similarly, Coscas et al.56 found 
that GCC analysis is particularly useful in pre-perimetric 
glaucoma. Because RGCs are affected in early glaucoma, it is 
relevant to assess the integrity of the GCC.

It has been found in glaucoma participants that progressive 
RGC death leads to ONH degeneration and ultimately vision 
loss.57 Different areas can be assessed to detect changes in the 
ganglion cells and these include assessing ONH damage, 
change in ganglion cell function and visual field defects.58 
Approximately 50% of total ganglion cells synapse in the 
central 5 mm of the macula and the average GCC thickness is 
approximately 95 microns to 100 microns, depending on the 
ocular coherence tomographer (OCT) used.58 

Harwerth et al.59 found that there was difficulty in detecting 
changes at an early stage of glaucoma, as 40% of ganglion 
cells need to be lost before a visual field defect becomes 
manifested. Similar results were found by Kerrigan-
Baumrind et al.,60 showing that the relationship between 
sensitivity and neural loss is systematic only after 50% of 
ganglion cells have died. In another study by Harwerth et 
al.,61 it was found that significant visual field abnormalities 
occur only after 25% – 35% of ganglion cells are lost. Changes 
in the ONH are slow in glaucoma, therefore making detecting 
structural changes difficult as there needs to be a significant 
loss of rim tissue.58 This further indicates the importance of 
assessing the integrity of RGCs in early glaucoma, or in 
people who may be at risk of glaucomatous changes. 

Thinning of the GCC may precede RNFL loss in some 
patients and GCC analysis provides information regarding 
the inner macular area. The optic nerve consists of RGC 
axons, and the superior and inferior parts of the optic nerve 
consist of retinal nerve fibres which originate from the 
temporal and nasal hemi-retinal areas. The GCC temporal to 
the fovea in the temporal hemi-retinal area consists only of 
RGCs that reside within corresponding areas. The GCC may 
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TABLE 3: Studies showing retinal changes from reduced retinal perfusion.
Study (year) n Conditions 

susceptible to OPP
RNFL association

Kergoat et al. (2006)55 20 Healthy people RGC sensitive to mild 
hypoxia

Kargi et al. (2005)66 34 OSAS RNFL thinning 
proportionate to the 
severity

Hashim et al. (2014)68 39 OSAS RNFL thinning in severe 
OSAS

Zengin et al. (2014)67 44 OSAS RNFL thinning in OSAS

Gangwani et al. (2015)69 4000 Systemic 
hypertension

High SBP, DBP and MOPP 
associated with thinning 
RNFL

OPP, ocular perfusion pressure; OSAS, Obstructive sleep apnoea syndrome; RNFL, retinal 
nerve fibre layer; SBP, systolic blood pressure; DBP, diastolic blood pressure; MOPP, mean 
ocular perfusion pressure; RGC, retinal ganglion cells.

be superior to the circumpapillary RNFL since there is an 
enrichment of RGCs combined with retinotopic segregation.62

Ganglion cell complex analysis has been compared to RNFL 
analysis using the special domain ocular coherence 
tomographer (SD-OCT), and it has been found that the two 
areas on the fundus have comparable diagnostic accuracy for 
glaucoma.63 In a study by Kim et al.,64 it was found that 
macular GCC thickness was comparable to RNFL thickness 
in early, moderate and severe glaucoma. Seong et al.17 found 
that, in NTG sufferers, the average macular GCC thickness 
showed a strong correlation with peri-papillary RNFL 
thickness and is useful in the detection of glaucoma. 

Analysis of GCC and RNFL thickness has proven to be 
significant in the event of lowered OPP, as an indication of early 
retinal or glaucomatous changes. There is a lack of studies 
aimed at measuring systemic hypotension and its effect on 
RNFL thickness. However, the Los Angeles Eye Study18 found 
that low DOPP, SOPP and MOPP, low DBP, high SBP and a 
high mean BP are associated with a higher prevalence of OAG 
in adult Latinos, indicating a ‘U-shaped’ curve. The higher and 
lower ends or the extremes of the curve are most susceptible to 
changes in OPP or vascular dysregulation. 

The utility of GCC and RNFL evaluation in non-
glaucomatous conditions with reduced blood flow
A study by Kergoat et al.55 of induced hypoxic conditions in 
humans found that RGCs are sensitive to mild systemic 
hypoxic stress. Furthermore, the study found that the 
innermost layers of the retina are more sensitive to low-level 
systemic hypoxia compared to the outermost layers. 
Therefore, evaluating the innermost layers of the retina, such 
as the GCC and RNFL, as a result of hypoxic changes because 
of reduced OPP, is valuable. Table 3 shows studies that 
indicate changes in the retina related to reduced OPP in 
conditions with reduced blood flow. This includes healthy 
people, those with Obstructive Sleep Apnea Syndrome 
(OSAS) and systemic hypertension.

Obstructive sleep apnoea syndrome is characterised by 
obstruction in the upper airway resulting in episodes of 
hypoxia. Studies measuring RNFL thickness in OSAS have 
found a positive correlation between RNFL thinning and 
OSAS. Low oxygen saturation has been significantly 

associated with thinning of the RNFL, ONH changes and 
macular thickness. The mechanism supporting RNFL 
thinning in OSAS is associated with several vascular 
disturbances. When coupled with nocturnal hypotension, 
this exacerbates the damage and thinning of the RNFL.65

Kargi et al.66 determined RNFL thickness in OSAS patients 
using a scanning laser polarimeter and found that thinning of 
RNFL was proportional to the severity of the disease. The 
study speculated that profound hypoxia and vascular 
dysregulation in OSAS may be the cause of RNFL thinning 
by disturbing OPP. The thinning of the RNFL may be caused 
by the loss of ganglion cells secondary to hypoxia, as well as 
hypoxemia induced by OSAS.

Zengin et al.67 tracked RNFL thickness measurements over a 
year in OSAS patients and showed a reduction in RNFL 
thickness between the first and last measurements. Further to 
this, Hashim et al.68 studied the prevalence of glaucoma in 
patients with OSAS by measuring RNFL thickness using an 
OCT. The study found that 87.5% of participants with severe 
OSAS had glaucoma and concluded that the alteration in 
OBF in OSA may have resulted in glaucoma. These results 
suggest that individuals with conditions such as OSAS, 
which affect retinal blood flow and ocular perfusion, may be 
susceptible to glaucomatous optic neuropathy.

Gangwani et al.69 measured RNFL thickness in patients with 
systemic hypertension to determine any association between 
RNFL thickness and SBP, DBP and MAP in patients with 
medically treated systemic hypertension. Patients with systemic 
hypertension on anti-hypertensive medication are at risk of 
progressive RNFL thinning and glaucoma. Higher SBP, DBP 
and mean arterial perfusion pressure (MAPP) were associated 
with thinner RNFL thickness, and 1.3% of them were confirmed 
with NTG, which is in agreement with the Los Angeles Latino 
Eye Study,18 which reported a higher prevalence of POAG with 
higher SBP and MAP. Over-treating hypertension exacerbates 
glaucoma, as excessively lowering BP in glaucoma patients may 
cause a drop in OPP and subsequent ischemic injury,70 
suggesting that treatment-induced systemic hypotension may 
influence progressive retinal changes for at-risk populations.

Another condition, diabetes mellitus also causes vascular and 
RNFL changes in the presence of retinopathy and these 
changes can occur in the absence of glaucoma and other optic 
nerve diseases.71 Alteration in metabolic pathways in diabetics 
can affect the functioning and loss of retinal cells, ganglion 
cells, bipolar and photoreceptors.72 Dhasmana et al.71 studied 
RNFL thickness in diabetics and found significant thinning in 
both the RNFL and GCC. The study concluded that neuro-
degeneration is a significant component in the early stages of 
diabetic retinopathy.71 El-Hifnawy et al.73 studied RNFL in 
diabetics without retinopathy or macular oedema and also 
found thinning of RNFL, suggesting that early retinal 
neurodegeneration can occur before vascular changes are 
observed. Thus, a similar mechanism for changes in retinal 
hypoxia and ganglion cell function, resulting in inner retinal 
dysfunction, is displayed in diabetics, strengthening the case 
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for reduced perfusion and blood flow and retinal effects; and 
this may also help make a case for systemic hypotension and 
possible retinal involvement.

Systemic hypotension and ocular 
perfusion concerns
Hypotension generally goes undiagnosed unless the patient 
presents with symptoms. Systemic hypotensive has been 
found to have relatively low sympathetic nerve activity 
leading to low SBP, along with lower BMI and body 
temperature.36 Chronic constitutional hypotension has been 
known to affect quality of life. Symptoms that present in 
systemic hypotensive include headaches, dizziness, fatigue, 
loss of concentration and feeling faint. As there is no clinical 
diagnosis for hypotension, we have used SBP < 100 mmHg 
(WHO) to presume hypotension. 

Cardiologists do not recognise low BP as a risk. However, 
some individuals with chronic systemic hypotension may be 
at risk of damage to end organs including the eye.3,45 A greater 
incidence of progression has been found in patients with low 
BP and lower IOP, suggesting a significant vascular risk 
independent of IOP.45 The Early Manifest Glaucoma Trial38 
showed that cardiovascular risk factors have a significant 
effect on long-term progression of the disease. The study 
found that patients with SBP less than 60 mmHg and with IOP 
less than 21 mmHg were at a higher risk of progression. 

Intraocular pressure is important to maintain the structure 
and physiology of the eye and is subject to circadian rhythms.6 
Both IOP and BP vary throughout the day, making OPP a 
dynamic factor. The IOP and BP have been found to peak in 
the morning (9:00–10:00 am), with a trough in the afternoon 
(15:00–16:00 pm).7 Low OPP can occur as a result of low BP 
(SBP < 100 mmHg), with normal IOP (< 21 mmHg).2 The OPP 
has proven to be a risk factor for glaucoma and studies18,37 
have found that both low BP and low OPP increase this risk. 
The Los Angeles Latino Eye Study18 and the Barbados Eye 
Study37 have found that lower MOPP, DOPP and SOPP, DBP 
and mean BP values have been shown to increase the risk of 
OAG by up to four times. This reduction in OPP as a result of 
low BP results in a decrease in OBF, resulting in hypoxia to 
the ONH.3 Hypoxia consequently results in a loss of RGCs. 
Studies48,50,51 on the effect of lowered OPP on RGC function 
have found that lowered BP and lowered OPP had a 
significant effect on GCC function. Analysis of the GCC may 
find glaucoma progression at an early stage.53 Furthermore, 
the GCC and RNFL are part of the innermost layers of the 
retina and are more sensitive to low-level systemic hypoxia.55 
This makes it relevant to assess these layers in response to 
hypoxic changes as a result of reduced OPP. 

Figure 1 summarises the process of reduced ocular perfusion 
from reduced BP in systemic hypotension.

Limitations
Possible limitations that may influence the validity of 
diagnosis include the possibility of ‘white coat syndrome’ 

when BP measurements are obtained by clinicians in office. 
This suggests that readings may not be accurate because of 
the stress on participants when their BP is taken in the office; 
and systemic hypotensive sufferers may present with false 
normal measurements. A single measurement on each arm 
may not clinically account for circadian fluctuations in BP, 
making 24-h monitoring more relevant for hypotension, and 
in order to ensure an accurate diagnosis of BP. 
Recommendations include 24-h IOP measurements, which 
will provide better insight into the circadian rhythms of IOP, 
although this may be impractical. Factoring in characteristics 
such as weight and height may aid in recognising sufferers of 
systemic hypotension. The electroretinogram (ERG) testing 
may be an important indicator in determining global retinal 
function and may offer more precise results on the effects of 
OPP on retinal function. 

Conclusion
The purpose of this review was to explore the relationship 
between systemic hypotension and OPP, and subsequently 
the effect of low OPP on the GCC as a risk factor for 
glaucoma. There is a paucity of literature on the effect of 
systemic hypotension on OPP and retinal thickness. 
However, as intimated in this review, via indirect 
associations with conditions that affect blood flow to the 
optic nerve, a case can be made for systemic hypotension 
and reduced retinal perfusion. The increased risk for 
glaucoma related with decreased BP and OPP has proven 
that both factors are relevant as indicators for the 

BP, blood pressure; IOP, intraocular pressure; OPP, ocular perfusion pressure.

FIGURE 1: The process of reduced ocular perfusion in systemic hypotension.
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development of glaucoma. As the earliest signs of glaucoma 
are detected in the RNFL and GCC, it is thus valuable to 
assess these retinal layers. The inclusion of routine 
evaluation of BP and noting OPP in people with systemic 
hypotension during routine eye examinations may be of 
value. The effect of low OPP as a result of hypotension on 
the GCC may also help inform us whether non-
glaucomatous, glaucoma suspects or glaucoma-diagnosed 
sufferers are at a higher risk of progressive optic neuropathy. 
Thus, closer monitoring of systemic hypotension sufferers 
may prove to be a convenient, affordable and non-invasive 
method of flagging decreased OPP when coupled with the 
evaluation of macula and ONH RNFL and GCC thickness. 
This may help alert clinicians to alter management in this 
vulnerable population.
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