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Submit your manuscript by October 1, 2022, to be considered for the Best Nordic Paper 
Awards 2022 (NOK 125,000). More information on these and other awards can be found 
on our webpage, oftalmolog.com.

Best Nordic Paper Awards

1) How interesting the subject is to our readers

2) Quality of language, pictures, illustrations, and figures

Points (1) and (2) have equal weight. Articles will be evaluated by an independent panel of 
judges, chosen by the Editor-in-Chief.
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First Prize GOLD

AWARD
WINNER

BEST NORDIC
PAPER

2020Award of NOK 80,000

KEY POINTS
 • We discovered a novel ocular glymphatic system, which 
selectively transports solutes and fluids from the retina, along 
axons, across the lamina cribrosa, to the lymphatic system.
 • The pressure gradient between the eyes and the brain is 
key to this transport, and clearance is stimulated by pupil 
movement.
 • Damage caused by glaucoma can impact this system, 
potentially preventing proper clearance of neurotoxic solutes.

Leif Hynnekleiv

Vinita Rangroo Thrane

Alexander S. Thrane

Going with the Flow: 

New insights into the plumbing of the 

retina and optic nerve

Leif Hynnekleiv,1,2  Alexander S. Thrane,2,3 & Vinita Rangroo Thrane2,3  

1.  Department of Ophthalmology, Haukeland University Hospital, Bergen, Norway

2. Volvat-ORBITA Eye Clinic, N-0159 Oslo, Norway

3. Center for Basic and Translational Neuroscience, University of Copenhagen, Copenhagen, Denmark

Fluid and solute movement in the posterior segment of the eye is not fully understood. 

Much like the brain, the retina has high fluidic demands, and yet, is completely devoid of 

conventional lymphatics. In a recently published study, we present evidence of a novel fluid 

clearance pathway through the retina and optic nerve that involves perivascular spaces and 

lymphatics, much like the glymphatic system of the brain. These discoveries bring new insights 

into diseases like glaucoma with new opportunities for treatment.

W
ater is the universal 

solvent of life but does 

not flow completely 

freely through our body. Ever 

since the Nobel Prize-winning 

discovery of aquaporins by 

Peter Agre, our eyes have 

been opened to the molecular 

machinery governing where and 

how water and solutes move 

at the microscopic level - our 

subcellular plumbing.1  Directional 

fluid and solute movement 

driven by hydrostatic and 

electrochemical gradients, known 

as advection, is notoriously 

NEW DISCOVERIES

Abstr
act

difficult to study. This is because 

advection is easily drowned out 

by the much larger amounts 

of random fluid movements, or 

diffusion. However, on a tissue or 

organ level, advective preferential 

pathways for fluid movement 

reveal themselves.2 

The importance of this 

dichotomy between the macro- 

and microscopic functions of 

our subcellular plumbing was 

recently highlighted by the 

discovery of a novel “lymphatic-

like” system for fluid and 

waste clearance in the brain. 

Although aquaporin water 

channels were known to be 

densely expressed by supporting 

astroglial cells plastering the 

cerebrovasculature, their exact 

role was not understood. That is, 

until imaging of solute transport 

in the brain was done on a larger 

organ-wide scale.3 

In 2012, Iliff et al. showed that 

in our crowded brains, a quasi-

lymphatic system facilitated 

by water channels in glial-cells 

allowed for rapid movement 

of solutes and fluid through 

doughnut shaped paravascular 
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Leif Hynnekleiv, MD
Department of 
Ophthalmology, Haukeland 
University Hospital, Bergen, 
Norway
Department of Plastic and 
Reconstructive Surgery, Oslo 
University Hospital, Norway

Alexander S. Thrane, MD PhD
Volvat-ORBITA Eye Center, 
Norway
Center for Basic and 
Translational Neuroscience, 
University of Copenhagen, 
Denmark

Vinita Rangroo Thrane, MD PhD
Department of Ophthalmology, 
Haukeland University Hospital, 
Bergen, Norway
Center for Basic and 
Translational Neuroscience, 
University of Copenhagen, 
Denmark

“ 
       ”

We are grateful and excited to share 
this fundamental discovery regarding 
eye and brain physiology. Our basic 
understanding of sight-threatening 
diseases like glaucoma is still very 
limited. Breakthroughs like these can 
inspire us to stay vigilant and keep 

searching for answers.

The full article can be found on our website 
at www.oftalmolog.com/articles/ For direct 
access, scan the QR code.

Second Prize
Award of NOK 30,000

KEY POINTS
 • Surgical reconstruction to correct 
post-inflammatory changes is required in 
a subgroup of patients with thyroid eye 
disease.
 • The different rehabilitative procedures 
have to be performed in the following 
order: first, orbital decompression; then, 
strabismus surgery; and finally, correction of 
eyelid malposition.
 • The introduction of new anti-
inflammatory treatment might reduce the 
need for surgery in this group of patients.

Hans Olav Ueland, MD, PhD
Department of Ophthalmology, Haukeland 
University Hospital, Bergen, Norway

“ 
      ”

Thyroid eye disease has a significant negative 
impacts on vision and well-being. Luckily, we 
have several surgical procedures to reconstruct 
the residual disfiguring changes. This article 
presents some of the most commonly used 
surgical techniques, and I am thrilled to hear 

that it has received this prize.

The full article can be found on our website at 
www.oftalmolog.com/articles/ 
For direct access, scan the QR code.
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Help end the cycle 

of short-term treatment 

in dry eye disease1,2

Deliver sustained relief 

from dry eye disease with
1,2

PP-IKERVI-NDC-0001. 11/2021. API page 11

Thyroid Eye Disease: 

SURGICAL APPROACHES

Abstract

Thyroid eye disease is a common manifestation of Graves’ disease. The 

symptoms range from discrete to severe orbital inflammation, with threatened 

vision, diplopia, and disfigured appearance. The condition has a significant 

negative impact on quality of life, and it might be necessary to perform several 

surgical procedures to improve function and facial appearance.

Thyroid eye disease

Graves’ disease is one of the most common 

autoimmune diseases, with a reported incidence of 

21 per 100,000 individuals per year.1  It usually leads 

to hyperthyreosis, with symptoms like tachycardia, 

tremor, weight loss, diarrhea, and sleep disturbances. 

In up to 50% of patients, the eyes are affected by 

a condition named thyroid eye disease (TED).2

This condition is more frequent in women, and it 

significantly impairs quality of life.3  The main patient 

population is between 30 and 50 years old. Risk 

factors for development of TED include smoking, 

high levels of TSH-receptor antibodies (TRAS), 

treatment with radioiodine, and hypothyroidism.

The clinical presentation of TED is caused by 

inflammation of the orbital content, which eventually 

increases the volume of fat and muscles (Figures 1 

and 2). The tissue expansion leads to a number of 

clinical manifestations, including proptosis, ocular 

motility problems and, in some cases, dysthyroid 

optic neuropathy (DON). Proptosis combined with lid 

retraction leads to exposure keratitis, which, together 

with DON, are the main causes of vision loss in TED. 

In addition to the visual problems and the change 

in appearance, thyroid eye disease is associated 

with significant discomfort; foreign body sensation, 

tearing, light sensitivity and pressing sensation 

behind the globe are the most common complaints 

(Figure 3).

Knowledge of pathogenesis in TED is evolving, 

and the presence of TSH-receptor antibodies and 

insulin-like growth factor-1 (IGF-1) seems to be 

essential.2  Cytokines released as a consequence 

Hans Olav Ueland, MD, PhD

Department of Ophthalmology, Haukeland 

University Hospital, Bergen, Norway

Figure 1. Coronal MRI (T1-weighted) showing bilateral enlargement of inferior rectus muscles 

in a patient with TED.

A challenging field in 

oculoplastic surgery
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Third Prize
Award of NOK 15,000

KEY POINTS
 • Hallucinations are a quite common result of tiredness and several eye 
diseases.
 • The perception of a perfect visual field is a delusive sensation since 
the brain fills in the peripheral colors and our large physiological blind 
spot.
 • After visual input or even in total darkness, the cells in the visual 
system generate electrical signals perceived as afterimages or lights.
 • The brain can misinterpret visual information, causing illusions and 
problems with comprehending the external world correctly.

Atle Einar Østern, 
Oslo University Hospital HF 
(Ullevål), Oslo, Norway

“  
     ”

The thought-provoking question 
whether what we see is real or 
not has remained with me since 
I experienced sleep-deprived 
hallucinations many years ago.  
So now I wanted some answers.

BRONZE

AWARD
WINNER

BEST NORDIC
PAPER

2021

2021
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Seeing what is absent:The science of vision and reality

The night was dark as I participated in a military field exercise deep within a Norwegian 
forest. After several days of hard 
labor and almost no sleep or food, I suddenly spotted a bright 

gasoline station among the trees. 
Soon, it disappeared, overtaken by the darkness once again.

What I experienced was a dreamlike 
hallucination. My tired brain could 
not distinguish between fantasy 
and perceptions of reality. “The 
problem of perception” has intrigued 
philosophers for 2,500 years: If 
hallucinations and illusions are 
possible, how can we be sure that 
we recognize external objects 
correctly (Figure 1)? Indeed, seeing 
something that is not there is, 
in some ways, universal. Let me 
explain how and why.

Dream or die
Hallucinations arise in the waking 

state in the absence of outer stimuli when 
prior expectations and beliefs override 
our senses. In one study, 4% of the 
participants, many without mental health 
issues, reported hallucinations in the past 
12 months. More than 70% of patients 
with schizophrenia have hallucinations.1

Other causes include psychoactive 
drugs, high caffeine consumption, fever, 
Parkinson’s disease, Alzheimer’s disease, 
brain tumors, and epilepsy. They can be mild. Sensing movement 

in the peripheral visual field is a common 
phenomenon related to tiredness. 
However, sensory disturbances 
can also occur while falling asleep 
(hypnagogic hallucinations) or waking up 
(hypnopompic hallucinations). You may 

feel someone touching you, hear sounds 
or words, or even see people lying next to 
you in your bed. These hallucinations may 
be mistaken for nightmares. Moreover, 
sleep paralysis, misinterpretation of 
stimuli, and perhaps lowered temporal 
lobe sensitivity to magnetic frequencies 
may explain alleged sightings of ghosts 
and extraterrestrials (Figure 2).Hallucinations show similarities to 

dreams. Our most vivid dreams take 
place during rapid eye movements 
(REM) sleep. REM sleep and dreams are 
crucial for maintaining our emotional 
sanity, by resetting norepinephrine levels 
and activating the amygdala, as well 
as our creative skills, by forming new 
associations. Sleep fewer than 6–8 
hours each night, and the risk of diseases 
increases. Go without sleep for a fortnight, 

Atle Einar Østern, MD, Oslo University Hospital HF (Ullevål)

Figure 1. Representative realism is a central 
philosophical idea that we see only an indirect 

miniature replica of the external world. 
Diorama: Atle Østern 

Figure 2: Because bilateral eyes have evolved more than 40 times in different animals, it is likely 

that extraterrestrials would also have two eyes. (Or might they be time travelers from our distant 

future, as some have suggested?). Illustration: Atle Østern 

and you may die. (This is why the Guinness 
Book of Records has stopped certifying 
attempts to stay awake for more than 
the current record, which, by the way, 
is 11 days). However, so far, no one can 
provide a complete explanation of why 
we must spend approximately 30% of our 
life in a semiconscious state.2 There is a 
significant overlap between hallucinations 
and dreams regarding the involvement of 
brain mechanisms. However, during sleep, 
only a subset of the neural network is 
activated.

Eye diseases may also generate 
hallucinations. The first to report such 
findings was the Swiss scientist Charles 
Bonnet (1720–1793). He noticed that 
his grandfather saw things that did not 

exist due to an eye disease. Charles 
Bonnet syndrome is named after him. It 
occurs mainly in older people who suffer 
from sight impairment such as macular 
degeneration, glaucoma, or cataract. The 
hallucinations can be simple, consisting 
of shapes, grids, and lines, or they can be 
very complex with hallucinations of people, 
animals, and cartoons. They can last up 
to hours, but more often, only minutes. 
Neural hyperactivity in the visual cortex 
may explain these symptoms.3 Symptom 
manifestations have increased during 
the Covid-19 pandemic, possibly related 
to loneliness or environmental factors. 
Unlike those with mental illnesses, the 
patients are well aware that the visions 
are not real, but they often refrain from 
informing doctors about them. Visions have played a significant 

role in human history. In some cultures, 
shamans used hallucinogenic plants 
to reveal the will of the gods during a 
trance. In 312 AD, leading up to a battle, 
emperor Constantine saw the victory sign 
of a cross (or the Greek letters chi and rho
superimposed) in the sky. The outcome 
was the Christianizing of the Roman 
Empire and a world forever changed.You are partially blindYou are blind—at least, to some extent. 

The physiological blind spot in our visual 

field is due to the lack of photoreceptors 
in the optic nerve head (Figure 3). Our 
inability to recognize this significant 
visual field defect is an example of a 
negative scotoma, the opposite of a 
positive scotoma, where people perceive 
the visual disturbance. Therefore, the 
brain has to fill in the missing part (Figure 
4). There are two competing hypotheses 
for how the brain accomplishes this. 
According to the isomorphic theory, a two-
dimensional array of neurons represents 
the absent surface. Neurons in the border 
zone stimulate them to fire. On the other 
hand, the symbolic theory posits that 
perceptions of surrounding textures are 

copied into the enclosed surface.Patients with moderate glaucoma do 
not experience “black tunnels” or gray 

NEW PERSPECTIVES

BRONZE

AWARDWINNER

BEST NORDICPAPER
2021

2021
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possible.
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