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T H E  R E T I N A L B LO O D  P R E S S U R E  ( R B P ) 
For decades, it was assumed that RVP was equal to intraocular pressure (IOP). This assumption 
was based mainly on studies in healthy animals.2 Thus, there was no reason for the clinician to 
measure RVP. However, there was an interest in measuring the arterial blood pressure (BP) in 
the eye, on the one hand for a better understanding of hypoxic-ischemic eye conditions and the 
other hand as a search method for upstream arterial stenosis, e.g., in the carotid artery. It was 
necessary to artificially increase the IOP to measure this blood pressure, similar to the pressure 
increase with a blood pressure cuff on the arm. In 1917, Paul Bailliart developed an instrument 
with which he could indent the eye in a controlled manner. Masakichi Mikuni later achieved 
the same effect with a suction cup and Baurmann with a rubber pad connected to a manometer 
(the so-called angiotonometer).3 Löw developed a new ophthalmodynamometer, which Devo-
gelaere et al. (2021) also used in his study to measure RVP.1 Löw installed a force sensor ring in 
the Goldmann contact lens in the place where the holding ring is typical. The examiner applies 
a force to the sensor (and thus also to the contact lens), which causes a change in the shape of 
the eye. This increases the already existing IOP. Using a calibration curve, the instrument calcu-
lates the IOP increase from the force applied to the sensors. Adding this pressure rise to the 
original IOP gives the IOP at which the physician sees pulsation. And this IOP corresponds to 
the RVP. 4,5

The measurement was thus simplified, but the focus remained mainly on the arteries. 

T H E  R E T I N A L V E N O U S  P R E S S U R E  ( RV P ) 
The opinion that RVP corresponds to IOP remained widespread. As the retinal vein exits the 
eye via the optic nerve, one exception was expected: an increase in RVP with increased intracra-
nial pressure (ICP). Since other causes of RVP increase were hardly known at that time, mea-
surement of RVP as a parameter of ICP was recommended.6 Jonas (2003) then showed that, as 
might also be expected, RVP is also increased in eyes with a retinal vein occlusion (RVO)7, 
more pronounced in ischemic than in nonischemic type8 and that RVP is also elevated in pa-
tients with congested episcleral veins9. 

Dr. Thibaut Devogelaere studied the effect of Ocufolin® forte on retinal venous pressure (RVP) in glaucoma patients.1 This 
seemingly unspectacular information is, in our opinion, a big step forward for many patients, especially glaucoma patients. 
Therefore, it has prompted us to write some general thoughts on the measurement and treatment of elevated RVP in glaucoma. 
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Measuring and Treating Retinal Venous Pressure

“An elevated retinal venous pressure (RVP)  is certainly 
not good for the eye and, at the same time, an indicator 
that diseases like glaucoma are not yet under control. 

Pharmacological RVP lowering is possible but with some 
potential side effects. A new hopeful possibility appears 

on the horizon, namely the lowering of RVP with a vitamin 
supplementation containing L-methylfolate, which is 

encouraging for physicians and patients alike.” 
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So far, these were all diseases in which one could theoretically 
expect an increase in RVP. But then new observations were 
published which could no longer be explained by a mechanical 
venous outflow obstruction, as postulated by Hayreh.10 Mozaf-
farieh et al. (2014) found a bilateral increase of RVP in patients 
with unilateral RVO, i.e. RVP is also increased in the contralat-
eral clinically healthy eye11 and Fang et al. (2014) observed 
higher RVP in people with Flammer syndrome12 and Baertschi 
et al. (2016) even in healthy climbers at high altitudes13. Cybul-
ska et al. (2015) observed a significant increase in RVP in pa-
tients with diabetic retinopathy.14 This provoked the question 
of whether there are other mechanisms of RVP increase besides 
mechanical compression. 

REGULATION AND DYSREGULATION OF THE RETINAL VEINS 
The concept of mechanical compression of the veins as the 
cause of an RVP increase and/or RVO was challenged by 
Flammer & Konieczka (2015). They first postulated an in-
crease in RVP by active local constriction of retinal veins.15  
Fraenkl SA et al. (2010) de-
scribed the role of active con-
traction of the veins for the 
development of an RVO.16 
This theory of an active con-
traction of the veins was 
supported by observations 
of Yu in ex vivo studies17 
and in vivo studies by Kida 
et al. (2018)18,19. After clini-
cal studies showed that the 
RVP could be influenced 
pharmacologically, there was 
no longer any doubt about 
this mechanism.20 

O C U L A R  B LO O D  F LOW  (O B F )  I N  G L AU CO M A 
It was assumed that glaucoma damage was mechanical damage 
resulting from an absolutely or relatively too high IOP for a 
long time.21 Some authors questioned the existence of nor-
mal-tension glaucoma (NTG), while others considered it a rare 
exception. Even in normal-tension glaucoma, it was assumed 
that the IOP plays the decisive role, a notion that was partly 
supported by interventional studies.22 Thus, the mantra-like 
phrase was born: IOP lowering is the only proven therapy for 
glaucoma. It is still true that IOP-lowering is the only therapy 
that has been studied in very large controlled trials. But of 
course, this does not mean that other therapies do not work, as 
it has been shown in many smaller studies.23,24 It also became 
increasingly clear that NTG is not an exception and is, in 
Asians, even much more common than the primary open glau-

coma (POAG). NTG has also being diagnosed more and more 
frequently here in Europe. At the same time, the number of 
studies showing that ocular blood flow is disturbed in glauco-
ma and especially in NTG grew.25 Although the role of blood 
flow in glaucoma was now well established, this had little im-
pact on the way most physicians assessed and treated their glau-
coma patients. 

O C U L A R  P E R F U S I O N  P R E S S U R E  ( P P )
Only low PP was gradually accepted as a confirmed risk factor. 
Mean ocular perfusion pressure (MOPP) was calculated from 
the difference of mean blood pressure (MAP) measured at the 
arm and IOP: MOPP = 2/3 MAP – IOP. This calculation was 
primarily based on animal studies.26 Two assumptions were 
made: 1. that the ratio of the arterial BP in the eye to the BP at 
the arm is constant, i.e., that the arterial BP in the eye can be 
predicted from the BP at the arm and 2. that the RVP is equal 
to the IOP. From today’s point of view, however, neither of 
these is quite correct.  

The relationship between ar-
terial BP in the eye and BP 
measured at the arm is rela-
tively weak in humans, espe-
cially in diseased humans. 
The flow resistance (and thus 
the pressure drop) between 
the heart and the eye can vary 
greatly from individual to in-
dividual.27 Also, the assump-
tion that RVP is equal to 
IOP has been shown to be 
incorrect for many diseases, 
including glaucoma. 

Although the mentioned calculation of PP was not optimal, a 
significant correlation between PP and glaucoma progression 
was found.28 This indicates that, in reality, this relationship might 
be even stronger. The calculation of PP has yielded interesting 
findings in studies of large patient groups.  However, when as-
sessing the risk status of an individual patient, separate consider-
ation of RVP, BP, and IOP is more meaningful and helpful. On 
the one hand, blood pressure fluctuates much more than IOP or 
RVP and on the other hand, elevated RVP can also stress the eye 
independently of PP. 

Till today low blood pressure had hardly any therapeutic conse-
quences, on the one hand because ophthalmologists did not like 
to introduce an “internistic” therapy and on the other hand be-
cause internists prefer to see the blood pressure as low as possible. 
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T H E  VA S C U L A R  CO N C E P T O F G L AU CO M A 
Today, we know there is no contradiction between the IOP - 
and the vascular theory of glaucoma, on the contrary.29 Indeed, 
the main cause of blood flow alteration in glaucoma is disturbed 
regulation of blood vessels30–32 including retinal veins33. The 
weaker the regulatory capacity, the more sensitive the eye be-
comes to variations in perfusion pressure, respectively IOP 
peaks or blood pressure drops. One argument in favor of the 
mechanical theory was the stop of axoplasmic flow in the lami-
na cribrosa. The steep pressure gradient at this site explained 
this. However, in this area, the mitochondria are also particular-
ly damaged by oxidative stress due to unstable oxygen supply. 
Therefore, the energy important for axoplasmic transport is 
missing. This axoplasmic transport is further inhibited by the 
increased level of endothelin.34 

Only in the last few years have we learned that dysregulation of 
the veins manifests directly in an increased RVP. Thus, the mea-
surement of RVP and the treatment of an elevated RVP have 
come to the center of attention, especially in all those glaucoma 
patients in whom the visual field damage progresses despite a 
well-controlled IOP, i.e. especially in NTG. This has motivated 
the industry to optimize the measurement of RVP further and 
thus, the IOPstim® was launched.35 

T H E R A P E U T I C  I M P L I C AT I O N S
There was a great discrepancy between the recognition of im-
paired ocular blood flow and the therapeutic consequences for 
a long time. This is despite the fact that low-dose calcium antag-
onists have been shown to positively affect visual field progres-
sion in glaucoma patients with vascular dysregulation.36–38 The 
situation has changed significantly since we can lower the RVP, 
thus reducing the transmural pressure and improving the perfu-
sion pressure. In addition, there is the encouraging observation 
that lowering RVP is also associated with an improvement in 
vascular regulation and partial regression of the optic nerve 
compartment syndrome.39 If the observation from Devogelaere 
et al. (2021) is confirmed in further studies it will be another 
very important milestone. Because for the first time a vascular 
therapy is available for glaucoma with an understandable and 
easily measurable effect. For this treatment, the ophthalmolo-
gist is not dependent on the internist and Ocufolin® forte has 
neither relevant contraindications nor side effects. In addition, 
such treatment has several other proven positive effects, such as 
lowering homocysteine levels.40,41 
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