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Abstract 
Fuchs’ endothelial corneal dystrophy (FECD) is a bilateral, often hereditary 
degenerative corneal disease, in which the disrupted endothelial cell function 
causes corneal swelling and reduced vision. An early clinical sign of FECD is 
corneal guttata, an irregularity of the endothelial layer. Ocular surgery, not least 
cataract surgery, can lead to endothelial damage and progression of FECD. In 
Sweden and most Western countries, FECD is the most common indication for 
corneal transplantation. It has been considered a genetically heterogeneous 
disease but is increasingly associated with a (CTG)n repeat expansion in 
transcription factor 4 gene (TCF4).  
 
In this thesis, the association between (CTG)n repeat expansion in TCF4 and 
FECD was investigated, and it was hypothesised that the repeat length correlates 
with disease severity. The results show that FECD in Northern Sweden is 
associated with (CTG)n expansion in the TCF4 gene to a large extent. More 
precisely, expansion with more than 50 repeats in TCF4 was present in nearly 
90% of the 85 tested FECD cases compared to only 3.9% in controls, which is the 
highest published prevalence to date. The disease's severity was associated with 
the repeat length in the TCF4 gene with an adjusted odds ratio (OR) of 2.13 (95% 
CI, 1.34-3.39) per repeat length unit.  
 
Further, we studied the impact of corneal guttata on cataract surgery outcome, 
using the data from nationwide eye registries. We show that patients with corneal 
guttata/FECD benefit from cataract surgery with improved visual acuity and self-
assessed visual function, but that they have a greater risk of corneal 
transplantation and worse results of the cataract surgery than patients without 
FECD. The risk of corneal transplantation after cataract surgery in patients with 
corneal guttata was 68 times higher than in patients without corneal guttata. The 
risk was highest the first year after cataract surgery and decreased after that. 
Complicated cataract surgery with a dense lens and posterior capsule rupture, 
both individually and together, increased the risk of corneal transplantation, 
independent of corneal guttata.  
In conclusion, most patients with FECD and concomitant symptomatic cataract 
benefit from cataract surgery. It is not surprising that the risk of corneal 
transplantation after cataract surgery is increased in patients with FECD, as 
FECD is an indication for corneal transplantation. Still, the vast majority of FECD 
patients do not undergo a corneal transplant after cataract surgery. With the 
results of this thesis as a basis, we recommend, to start with cataract surgery 
before planning for corneal transplantation in most cases of FECD. Additionally, 
the surgery should be performed before the lens becomes hazardly dense and with 
caution to minimise the risk of posterior capsule rupture. 
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Svensk sammanfattning 
Hornhinnan kan liknas vid ögats fönster, och behöver vara klar och genomskinlig 
för en god synfunktion. Endotelcellslagret, hornhinnans innersta lager, ser till att 
hålla hornhinnan transparent genom att pumpa vätska från hornhinnan in i ögat. 
Om endotelcellslagret skadas och förlorar sin pumpfunktion, drabbas patienten 
av dimsyn och i svåra fall av smärtsamma hornhinnesår. ”Cornea guttata” på 
hornhinnans insida kan se ut som hamrat silver eller ett frostat badrumsfönster 
och är ett tidigt tecken på Fuchs endoteliala corneala dystrofi (FECD). Det är en 
sjukdom som drabbar båda ögonen och som i många fall har en ärftlig koppling. 
Den vanligaste orsaken till hornhinnetransplantation i Sverige och i stora delar 
av västvärlden är FECD, där byte av det innersta lagret, dvs endotelcellslagret, 
har en god effekt. Besvären tilltar ofta med stigande ålder och FECD ses 
tillsammans med grå starr. Vid gråstarrskirurgi påverkas endotelcellslagret hos 
alla patienter, men hos dem med ”cornea guttata”, som sannolikt har ett 
känsligare endotel, kan påverkan leda till en oåterkallelig skada.  
 
Syftet med denna avhandling var att undersöka den ärftliga orsaken till FECD, 
samt att via nationella kvalitetsregister studera hur ”cornea guttata” och FECD 
påverkar utgången vid gråstarrskirurgi.  
 
Sammanfattningsvis talar resultaten för en stark koppling mellan FECD och 
förändringar av byggstenarnas karaktär i arvsanlaget TCF4. Denna förändring i 
TCF4 sågs hos nära 90% av FECD-fallen jämfört med i bara 3.9% av kontrollerna. 
Dessutom fanns en koppling mellan fyndet i arvsanlaget och sjukdomens 
svårighetsgrad. De FECD-fall (10%) som inte hade förändring i byggstenarna i 
TCF4 hade istället i högre utsträckning genomgått annan ögonkirurgi, vilket kan 
tala för att omgivningsfaktorer påverkar sjukdomsutvecklingen i dessa fall.  
 
Resultaten från de registerbaserade studierna visar att patienter med ”cornea 
guttata” har nytta av gråstarrsoperation. Däremot har de en större risk för sämre 
resultat och att behöva genomgå en hornhinnetransplantation efteråt, jämfört 
med gruppen utan guttata. Risken för att behöva även en hornhinne-
transplantation var 68 gånger större hos patienter med ”cornea guttata”. En 
komplicerad gråstarrsoperation ökade risken för hornhinnetransplantation. 
Trots den riskökning som ”cornea guttata” medför vid gråstarrsoperation, 
rekommenderar vi i de flesta fall att börja med gråstarroperation innan man 
planerar för hornhinnetransplantation.  
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Introduction 
The cornea, which can be viewed as “the window of the eye”, is usually 
transparent. It is about 0.5 mm thick in the centre and accounts for most of the 
eye’s refractive power.1 Figure 1 and Figure 2 show the different parts of the eye 
and cornea. 

 
Figure 1. Basic eye anatomy and localisation of the cornea. Illustration by Andreas Viberg. 

The outermost part of the cornea is the epithelium, covered by the tear film. The 
epithelium consists of multiple cell layers, which regenerates rapidly after 
superficial injuries. The recovery process involves flattening and sliding of 
preexisting cells to cover the wound, and subsequent cell mitoses allowing 
repopulation and restratification of the corneal epithelium.2 A healthy 
undamaged epithelial basement membrane is essential for a functioning scar-free 
healing.3  
 
The cornea is the most densely innervated tissue in the human body, and its 
sensory nerves originate from the ophthalmic branch of the fifth cranial nerve 
(the Trigeminal nerve).4 The corneal nerves have an essential role in the tear 
production, blinking, and the release of trophic factors.5 Bowman’s layer is an 
acellular, non-regenerating layer posterior to the epithelial basement 
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membrane.3 The stromal layer makes up 90% of the cornea, and its transparency 
depends on closely packed collagen fibrils in a regular array.6 Collagen type I is 
the primary collagen type in the stroma, with smaller amounts of collagen V and 
other collagen types.7 

 
Figure 2. The corneal layers (left) and histological presentation of the hexagonal cells in the 
endothelial layer (right), without (top) and with (bottom) corneal guttata. The corneal guttata is 
illustrated by the orange irregularities (left) and circles (right). Figure by Andreas Viberg. 

In addition to the corneal tissue’s exact organisation, the role of the endothelial 
cells in their pumping function is crucial for corneal transparency. The 
monolayered hexagonal endothelium pumps fluid, continuously from the stroma 
to the anterior chamber, using a Na+/K+ ATPase pump.8  
 
A loss of the endothelial function leads to an oedematous thickening of the 
cornea, loss of stromal organisation and of corneal transparency. Unlike the 
epithelium, the endothelium has been considered to lack regenerative ability. If 
it is severely injured, only corneal transplantation can repair the damage.9 
Despite this, spontaneous reduction of corneal oedema secondary to endothelial 
injury has been observed,10 raising questions about whether endothelial cells have 
a regenerative capacity or whether it is a relocalisation of existing endothelial 
cells.11 
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Development of corneal tissue and corneal endothelium 
Humans, and other vertebrates, have their origin in three germ layers that form 
during embryonic development; ectoderm, mesoderm and endoderm. The lens 
and the epithelium of the cornea are direct descendants from the ectoderm and 
are separated from each other in the optic cup stage by the 6th week of human 
development.12  
 
During the process of neurulation, ectoderm cells thicken to form the neural 
plate, where the lateral margin of the plate gives rise to neural folds. The neural 
folds are the origin of neural crest cells; a multipotent, stem cell-like population 
of cells that gives rise to numerous cell types, including both corneal endothelial 
cells and stromal keratocytes.13,14 A wave of neural crest cells migrate between the 
early stage of corneal epithelium and lens to form the monolayered corneal 
endothelium by the mesenchymal-epithelial transition. Several genes and 
pathways are involved in the development of the corneal endothelium and 
stromal keratocytes from multipotent neural crest cells.15 

Descemet’s membrane  
After the endothelium is formed, it secretes Descemet’s membrane (DM), a cell-
free basal membrane, crucial in maintaining the endothelial function.13,16 The DM 
thickens during the gestation and is about 3 µm thick at birth. It grows 
throughout life and has a thickness of around 16.5 µm by 90 years of age.16 It 
consists of an anterior banded layer (ABL) and a posterior non-banded layer 
(PNBL), Figure 3. 
 

 
Figure 3. Schematic presentation of Descemet’s membrane of a normal cornea (A) and in FECD (B). 
Illustration by Andreas Viberg. 
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The ABL, that includes collagen type VIII (COL8A1 and COL8A2), develops 
during the fetal period and is thickened in early-onset FECD.17 The PNBL built by 
the endothelial cells postnatally, normally thickens over decades.16 The ABL is 
normal in late-onset FECD, where an abnormal layer is formed posterior to the 
PNBL, called posterior banded collagenous layer (PBL), resulting in thickening of 
DM and corneal guttata formation.18 The DM, when corneal guttata is included, 
can measure up to 40 µm in thickness.19  
 
Numerous regulatory proteins in the DM, and in the endothelial layer of FECD, 
have altered levels, which can lead to an aberrant assembly of the extracellular 
matrix within the DM and cause the morphological changes seen in the disease.20 
For clarification, FECD is used synonymously with late-onset FECD in this thesis, 
as the early-onset form is unusual in our population and was not included in the 
study. 

Corneal dystrophy 
Corneal dystrophies (CD) are hereditary, non-inflammatory corneal diseases and 
usually bilateral, symmetric and slowly progressive. There are exceptions to the 
definition, like epithelial basement membrane dystrophy (EBMD), also known as 
map-dot-fingerprint dystrophy, which is considered more degenerative than 
hereditary, and posterior polymorphous corneal dystrophy (PPCD) that is often 
clinically unilateral.21,22  
 
The different dystrophies affect different parts of the cornea and have historically 
been categorised by their clinical appearance, but the International Classification 
of Corneal Dystrophies (IC3D) has led to a genetically emphasised classification.21 
Identification of causative genetic aetiology has enhanced the understanding of 
the pathogenetic mechanisms of dystrophies and has led to a reassessment of 
disease classification.23 
 
Several corneal dystrophies, previously only based on clinical diagnosis, have 
turned out to be different phenotypic expressions for the same disease. An 
example is Epithelial recurrent erosion dystrophy (ERED), where members of the 
current research team in Study I, Berit Byström and Irina Golovleva, have 
previously successfully described its genetic aetiology.24 The missense mutation 
in COL17A1 led to altered splicing and turned out to be the cause of other 
dystrophies with recurrent erosions as well.25  



 

 

Fuchs’ endothelial corneal dystrophy 
FECD was first described by Ernst Fuchs in 1910 and initially named Dystrophia 
epithelialis corneae because of its superficial signs.26 The role of the endothelial 
layer in the disease was understood after a number of observations in the 1920s.27 
 
FECD is a disease of the innermost corneal layer, the endothelium, leading to 
visual impairment due to the deterioration of its essential function in keeping the 
cornea clear.28 In advanced cases, epithelial bullae and ulcerations due to swelling 
of the cornea can form, which can be aggravated after cataract surgery.22 Curative 
medical treatment for FECD without surgery is not available today. For severe 
cases, corneal transplantation is required, often with good results, but with a 
lengthy healing time and rejection risk. The most common indication for corneal 
transplantation in the Western world today is FECD.29 

Corneal guttata  
Central corneal guttata is mushroom-like excrescences in the back of the cornea. 
The irregularity and thickening of DM that forms the corneal guttata is a part of 
FECD, but can also occur with ageing, trauma, inflammation, and glaucoma.9  
 
Occasionally, the difference between corneal guttata and FECD has been stated 
as the presence of corneal oedema or symptoms in FECD.30,31 Still, FECD staging 
in clinical research has been done by assessing the area of the corneal guttata, 
with the presence of oedema only in the most severe FECD grade.32 Corneal 
guttata is a characteristic clinical finding of FECD and can be seen clinically many 
years before symptoms.22 There is no clear clinical dividing line between corneal 
guttata as part of early mild FECD and other causes that might never lead to 
symptoms.30 In Study I, more than 12 central corneal guttae is considered a sign 
of FECD, whereas reported presence of corneal guttata is considered a sign of 
FECD in the registry-based studies.32  
 
In the slit lamp, corneal guttata resembles a frosted bathroom window or 
hammered metal, Figure 4.33 Increasing corneal guttata is accompanied by 
endothelial cell thinning, enlargement, loss of hexagonal shape and ultimately 
loss of endothelial cell density.18 This can be seen with specular microscopy, 
where a cross-section of the endothelial layer shows the corneal guttata as black 
or empty islands, reflecting that the endothelial cells have either been elongated 
over the corneal guttae, squeezed out or destroyed, Figure 5. Corneal guttata 
consists of abnormally deposited collagen and other proteins in the PBL of DM, 
including an increased expression of various forms of the protein clusterin (CLU), 
and the proadhesive protein transforming growth factor-beta-induced 
(TGFBI).18,34  
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Figure 4. Slit lamp photography of two different cases with corneal guttata with magnification x40 
and the light entering the eye from the left. The endothelial layer is filled with lumpy corneal guttata, 
and the white arrows mark a few corneal guttae. Image by Andreas Viberg.  

 
Figure 5. Examination with specular microscopy showing hexagonal endothelial cells and corneal 
guttata (white arrows) where the endothelial cells have either been elongated over the corneal 
guttata, squeezed out or perished. Image by Andreas Viberg. 

  



 

 

Genetics  
Many corneal dystrophies have been explored in detail with a successful 
description of a genetic cause. Although FECD is the most common corneal 
dystrophy, the genetic aetiology has not been fully mapped, and several different 
disease genes have been described in different populations, Table 1. A missense 
mutation in COL8A2 was detected in a family with early-onset FECD, but does 
not appear to cause the more common FECD with a later debut in life.35,36 
Mutations in other genes (SLC4A11, TCF8 and LOXHD1) have been associated 
with a limited number of FECD cases.37-39 Genome-wide association studies 
(GWAS) have shown a relationship between FECD and loci in KANK4, LAMC1, 
ATP1B1, SLC25A22, CFH, and TCF4.40,41 TCF4 has attracted more interest as 
several studies in independent cohorts show that TCF4 is the strongest risk factor 
associated with FECD, Figure 6.42-48 TCF4 gene on chromosome 18 encodes a 
helix-loop-helix protein, a transcription factor involved in cell growth and 
differentiation.49 It functions as a homo- or heterodimer with similar proteins, 
and alternative splicing gives numerous TCF4 isoforms that differ in localisation 
and function.  
 

 
Figure 6. Partial schematic presentation of the TCF4 gene with the unstable (CTG)n repeat in the 
third intron. Illustration by Ida Maria Westin, co-author in article I. 

Haploinsufficiency of TCF4 due to loss-of-function mutations such as large 
genomic deletions, frameshift, nonsense or splice-site, leads to the rare 
developmental disorder Pitt–Hopkins syndrome (PTHS). PTHS is associated 
with severe symptoms, including motor abnormalities, mental retardation, 
breathing disorders and often ophthalmological symptoms as strabismus and 
myopia.50 However, in FECD no disease-causing TCF4 point mutations have been 
reported so far but the disease is strongly associated with an expansion of a 
polymorphic repeat sequence.51,52 The expansion of a normal polymorphic repeat 
sequence is a well-known pathogenetic mechanism of so called tri-nucleotide 
diseases such as myotonic dystrophy, fragile X syndrome and spinocerebellar 
ataxias.53 The TCF4 gene has an unstable repeat of trinucleotides within the third 
intron, and was found to be expanded in 3% of a North American cohort.52 Among 
Caucasians, expansion of more than 40 repeats in TCF4 is associated with a 
markedly increased probability of FECD with an OR of 32.3.43  
 
 

TCF4

(CTG)n(CTG)n
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Gene Chromosome  Function Comment & other 
associations  Ref. 

COL8A2 1 Component in DM Early-onset FECD 35,36 

KANK4 1 Regulates actin fibers   40 

LAMC1 1 In basement membrane   40 

ATP1B1 1 Na+/K+ ATPase   40 

CFH 1 Complement factor H   40 

TGFBI 5 Cell adhesion Several corneal dystrophies 56 

CLU 8 Protein folding/apoptosis  56 

TCF8 (ZEB1) 10 Cell differentiation   38 

SLC25A22 11 Glutamate carrier   40 

AGBL1 15 Deglutamylation   54 

LOXHD1 18 Aggregation Deafness 37 

TCF4 18 Transcription factor PTHS, (CTG)n 41 

DMPK 19 Protein kinase Myotonic dystrophy, (CTG)n   55 

SLC4A11 20 Ion channel CHED 39 

Table 1. The genes associated with FECD. CHED = Congenital hereditary endothelial dystrophy. 
TGFBI = Transforming growth factor-beta-induced. CLU = Clusterin.  

Various hypotheses about the pathogenesis behind (CTG)n expansion have been 
presented, but uncertainties remain. The TCF4 (CTG)n expansion is transcribed 
into RNA, resulting in an RNA nuclear foci with a toxic effect on the endothelial 
cells, is a possible mechanism44, as well as interference with the mRNA splicing 
factor, MBNL1.54 Moreover, a reduction of 87 different microRNAs has been seen 
in patients with FECD, three of which result in an increased expression of 
extracellular matrix (collagen I, collagen IV and laminin).55 In other trinucleotide 
diseases (myotonic dystrophy, Friedreich ataxia, fragile-X and spinocerebellar 
ataxia type 1 and 7), increased DNA methylation occurs upstream of the (CTG)n 
expansion. The methylation affects the instability of the repeats and disease 
progression.56 Increased methylation is likely to occur by transcription of the 
expansion to form double-stranded RNA molecules, which activate the RNA 
interference pathway (RNAi) and affect DNA methylation inhibition.57 
Previously, in a small study, methylation status has been investigated using FECD 
samples with unknown TCF4 genotype.58 
 
Epithelial-mesenchymal transition (EMT) is a process in which epithelial cells 
lose their characteristics, e.g., become motile with increased synthesis and 
deposition of extracellular matrix.59 Many of the discovered genes associated with 
FECD (TCF4, ZEB1, SLC4A11, CLU, TGFBI) are directly or indirectly involved in 
the EMT pathway, suggesting it might be an alternative pathological mechanism 
of FECD.60 CLU and TGFBI proteins are also known components of corneal 



 

 

guttata.61 Interestingly, FECD patients with cataract surgery have elevated 
cytokines related to EMT in the aqueous humor compared to controls, further 
indicating the involvement of EMT in the pathogenetic mechanisms of FECD.62 
 
The FECD pathogenesis has been described as a destructive cycle with exogenous 
factors like oxidative stress in combination with genetic factors, resulting in 
mitochondrial dysfunction, altered synthetic capacity and oxidant-antioxidant 
imbalance.63 This results in EMT, cellular ageing, abnormal production of 
extracellular matrix and corneal guttata formation. Abnormal endothelial–
extracellular matrix interactions, toxic environment and impaired pump function 
are developed, and further accelerates the FECD pathogenesis cycle.64 

Corneal transplantation 
Corneal transplantation is one of the most commonly performed human 
transplantations altogether, and the traditional penetrating keratoplasty (PK), 
has been the predominant technique, until about a decade ago.65 PK involves 
transplantation of all corneal layers, but has in most cases been switched to 
different lamellar techniques, that replace only the diseased part of the cornea. 
Endothelial lamellar techniques lead to more rapid visual recovery, better long-
term visual acuity, lower rejection rate, lower astigmatism and a less fragile eye, 
as compared to PK.66,67  
 
Endothelial keratoplasty is the established curing treatment of FECD.29,68,69 
There are different types of endothelial keratoplasty70, of which DSAEK 
(Descemet stripping automated endothelial keratoplasty) is currently the most 
common in Sweden for diseases in the endothelial layer. DMEK (Descemet 
membrane endothelial keratoplasty), a method in which an even thinner part of 
the cornea is transplanted, has become increasingly frequent and in some 
countries even more common than DSAEK (e.g., Germany).29  
 
For corneal transplantation to be carried out, well established and functioning 
logistics are required within several organisations. The first step is that a donor 
has given their consent to donation. The donor must not have any 
contraindication for donation, and the corneal tissue has to be of satisfactorily 
high quality. Controlled and regulated handling of the donated tissue through a 
corneal tissue bank is essential.  
 
In DSAEK, the donated cornea is cut into a lamella and punched to fit the 
recipient’s eye. This lamella consists of the endothelium, DM and a small portion 
of corneal stroma71. The diseased endothelium is removed from the recipient’s 
cornea through an incision. The graft is inserted through the incision and pressed 
into place against the recipient’s cornea by filling the anterior chamber with air. 
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Some of the air is emptied from the eye after a few hours of a strict supine 
position. The patient usually has a check-up the next day, and several follow-ups 
are needed thereafter in the first weeks and months. If the healing is successful, 
the follow-up visits are gradually tapered off, but at least in Sweden continues 
until two years after the surgery in typical cases. After two years most cases have 
healed, and this is also the follow-up point for registering in the Swedish Corneal 
Transplant Registry (SCTR). Initially this last check-up was chosen due to the 
longer healing time of the PK. In most FECD cases, the lamellar surgical 
technique is instead chosen nowadays. Although the cornea is considered an 
immunologically privileged tissue, the risk of rejection is relatively high. The 
patient is routinely treated with steroid eye drops to limit transplant rejection 
risk. The dosage is successively reduced the first year after transplantation, but 
rejections still occur in about 16% of PK cases and 5% of DSAEK cases within two 
years in patients with FECD.72 The long-term risk of graft failure is more similar 
when comparing the techniques, and graft failure after five years has been 
reported in around 24% regardless of method.73 The effect of matching human 
leukocyte antigens (HLA) between donor and recipient in corneal transplantation 
remains equivocal and is not performed routinely, as in organ transplantations.74 
The transplant rejection rate can possibly be reduced with HLA class I 
matching,75 but probably not with HLA class II matching.74 Lamellar 
transplantations have additional advantages over PK with less transplanted 
tissue, shorter healing time and a less fragile eye in the event of blunt trauma.76  

The Swedish Corneal Transplant Registry 
In Sweden, about 700 corneal transplantations are performed annually. Since 
1996 they are registered in SCTR to create a tool for quality control.77 Data such 
as age, sex, visual acuity, risk factors, diagnosis, surgical technique, re-
transplantation, surgical complications, and data about the donor tissue are 
registered on the day of surgery. The results, two years after the surgery, are also 
registered.78 The operation form and follow-up form of SCTR are shown in the 
Appendix section, with permission from SCTR. The registry has good coverage as 
all clinics that perform corneal transplantations participate. The combination of 
a well-maintained registry and Sweden’s system of social security numbers 
enables a unique opportunity to study and gain knowledge about different aspects 
of corneal transplantation.  

Cataract surgery and cornea 
Cataract surgery is the most common surgical operation globally, and over 
130 000 surgeries are performed per year in Sweden alone.79 Both cataract and 
FECD cause visual impairment, and in many cases, the individual patient has 
both diseases at the same time. In everyday clinical practice, it can be a challenge 
to determine which patient will improve by cataract surgery and which patient 



 

 

will deteriorate and might also need a corneal transplant. Endothelial cells are 
lost in cataract surgery, both in patients with and without FECD. Previous 
research has shown loss of endothelial cells associated with phacoemulsification 
of 4 to 16%  and even higher under certain conditions.80-83  Endothelial cell loss 
can be limited with various methods, but cannot be completely avoided with 
current techniques.84  
 
When cataract surgery is performed in patients with or without corneal guttata, 
and the endothelial cells are damaged to the limit of decompensation, 
pseudophakic bullous keratopathy (PBK) can develop.85 The risk for PBK and 
endothelial cell damage is expected to be more significant in those with an already 
vulnerable endothelium. In patients with visual impairment, with both corneal 
guttata and cataract, the benefit of cataract surgery must be weighed against the 
risk of corneal deterioration. Generally, the healing time and postoperative 
regimen is much shorter and less complicated after cataract surgery than after 
corneal transplantation, why it is desirable to identify the patients that can benefit 
from cataract surgery alone. 

Complicated cataract surgery 
Serious complications such as endophthalmitis, suprachoroidal haemorrhage 
and retinal detachment are rare after cataract surgery, but endothelial cell 
damage to varying degrees is common.86 The hardness of the lens nucleus is a 
major risk factor for endothelial cell loss in cataract surgery.87 Trypan blue 
capsule staining (TB) is used to visualise the anterior capsule when a dense 
cataract limits the red reflex, as a complete capsulorhexis is vital for a successful 
phacoemulsification. Corneal haze and vitreous haemorrhage also limit the red 
reflex, and might benefit from TB.88  
 
A posterior capsule rupture during cataract surgery leads to an unforeseen 
communication between the anterior and posterior segment of the eye. It is 
associated with an increased risk of cystoid macular oedema, glaucoma, retinal 
detachment, and bullous keratopathy, resulting in inferior postoperative visual 
acuity after phacoemulsification.89-91 The posterior capsule rupture rate in 
cataract surgery is reported to be in the range of 1.9-5.2%.92,93 It has declined over 
the years with refined surgical techniques and in Sweden posterior capsule 
rupture was reported in 2.8% of the cataract surgeries in 2002 and 0.68% in 
2019.79 The risk of posterior capsule rupture is affected by numerous factors, 
including patient age, surgical accessibility, cataract type and hardness, 
pseudoexfoliation, intraoperative miosis, shallow anterior chamber, high myopia 
and surgeon experience.89,94  
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The Swedish National Cataract Registry  
The Swedish National Cataract Registry (NCR) is structured in two parts. The 
core registry, in which data at surgery is filled in, started in 1992, and in 2019 it 
covered 94% of all performed cataract surgeries. The outcome registry, 
registering the surgical outcome about one month postoperatively, started in 
1995, with an 85.7% coverage in 2019.79 The core registry includes surgical unit, 
identity number, sex, visual acuity in both eyes, date when the patient was put on 
the waiting list, date of surgery, previous cataract surgery in the fellow eye, ocular 
comorbidity in the eye planned for surgery (macular degeneration, glaucoma, 
diabetic retinopathy, corneal guttata, pseudoexfoliation, or other), surgical 
technique, position and material of the intraocular lens (IOL), intraoperative 
antibiotic prophylaxis, and occurrence of posterior capsule rupture.95 Some 
alterations of the included variables have varied over the years, and 
intraoperative difficulties warranting altered surgical techniques have been 
registered since 2008, such as mechanical pupil dilation, capsular tension ring, 
capsular hooks and TB. Up to 2012, the question regarding posterior capsule 
rupture was expressed as if there was: "Communication between the anterior 
chamber and vitreous". This question was reformulated from 2013 as follows: 
"Perioperative injury to the posterior capsule or zonulae". 
 
The outcome registry contains cataract surgeries performed in the month of 
March of every year and includes additional data such as planned refraction, axial 
length, lens formula, the date of the follow-up visit, visual acuity and refraction 
in both eyes, K values and axis in the operated eye.95  
 
Self-assessed visual function is also part of the outcome registry and is evaluated 
with the Catquest-9SF questionnaire preoperatively and up to three months 
postoperatively. The core registry form, outcome registry form and Catquest-9SF 
questionnaire of NCR are shown in the Appendix section, with permission from 
NCR. 

Catquest-9SF and Rasch analysis 
The Catquest-9SF instrument is a patient-reported outcomes measure (PROM), 
which means that the patients perceived visual function and satisfaction is an 
additional outcome measure of the surgery, besides the visual acuity.96 The 
questionnaire has been constructed and validated by Rasch analysis based on 
different psychometric properties.96,97  
 
It is central that the instrument is one-dimensional and measures only one 
underlying construct, a single domain, which in Catquest-9SF is activity 
limitations in daily life. If questions regarding anxiety or fear of vision loss had 
been included, the questionnaire would involve an emotional domain and would 



 

 

not be one-dimensional. Further, the questionnaire has ordered response options 
that are easy for the patient to distinguish. When asked about present visual 
function, four response levels are appropriate according to the Rasch analysis 
(very dissatisfied, rather dissatisfied, fairly satisfied and very satisfied). To clarify, 
the same question with one hundred answer options would make it difficult to 
determine the difference between option 87 and 88. The questionnaire also has a 
good precision, which means that the instrument can distinguish between 
different levels of patients’ limitations. In addition, all questions contribute to the 
result without duplicates. Catquest-9SF is also validated and useful in corneal 
transplantation.98  
 
The Rasch analysis is used both in constructing and evaluating questionnaires 
and converting its results into an interval scale, which makes parametric statistics 
an option. 
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Hypotheses and aims 
The overarching purpose of this thesis was to study FECD from a broad 
perspective: clinical, phenotypic, hereditary, genetic, molecular, as well as from a 
population-based perspective through registry studies.  
The overall aims were to describe the genetic cause behind the disease and 
provide a better foundation for clinicians in the assessment and guidance of these 
patients concerning cataract surgery.  
The more specific objectives of each study are outlined below. 
 
Based on the hypothesis that FECD is a hereditary disease, we aimed: 
 
I To unravel the genetic mechanisms that underlie the phenotypic 

expression in patients with FECD in Sweden. More specifically, to 
study the prevalence of (CTG)n repeat expansion in the TCF4 gene 
or to discover other culprit genes in FECD. 

 
Based on the hypothesis that corneal guttata, an early sign of FECD, is a risk 
factor at cataract surgery, we aimed: 
 
II To study the difference in results after cataract surgery between 

patients with and without corneal guttata/FECD.  
 
III To explore the incidence of corneal transplantation due to 

endothelial failure after cataract surgery and the impact of corneal 
guttata on that risk. 

 
IV To study how complicated cataract surgery with posterior capsule 

rupture and/or dense cataract affects the risk of future corneal 
transplantation, as well as the impact of corneal guttata on that 
risk.  



 

 

Methods 
In this thesis, FECD is studied with two main perspectives:  
 

§ The first part (Study I) is a genetic study that involves recruitment of 
participants, medical data collection from a clinical examination, 
collection of blood samples as well as statistical and genetic analyses.  

§ The second part of the thesis (Study II-IV) consists of three registry-
based studies that examine the effect of cataract surgery with 
phacoemulsification on patients with corneal guttata, an early sign of 
FECD. Different statistical methods have been chosen in the registry-
based studies after careful consideration. 

Differences with a p value less than 0.05 were considered statistically significant 
throughout the thesis. 

Genetic study (Study I) 
The genetic study took place at the University Hospital of Umeå, Sweden, in a 
collaboration between the Department of Clinical Sciences/Ophthalmology and 
the Department of Medical Biosciences/Medical and Clinical Genetics, Umeå 
University, Sweden. 

Participants  
In total, 102 cases were included in the study from 2016 to 2020, of which 85 
were index patients with FECD with more than 12 central non-confluent corneal 
guttae and 17 were recruited relatives. Anonymous DNA from 102 Swedish army 
conscripts were used as control. 

Corneal guttata and FECD grading 
The Krachmer scale is typically used to grade corneal guttata, but it has 
limitations concerning reproducibility.17 Corneal guttata, especially discreet ones, 
can be challenging to detect and even harder to grade on a five-point scale.  
 
In the current study, the FECD participants were divided into two groups, mild 
and severe FECD, with the ambition for a more accurate clinical application, 
Figure 7. Mild FECD included cases with more than 12 non-confluent central 
corneal guttae up to 5 mm confluent central corneal guttae (Krachmer grade 1-3). 
Severe FECD included cases with more than 5 mm of confluent central corneal 
guttae with or without stromal oedema, corresponding to Krachmer grade 4 and 
4+.32 Patients who had undergone or were planned for a keratoplasty due to 
FECD were graded as severe. The absence of corneal guttata and up to 12 central 
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non-confluent corneal guttae was considered normal, i.e., Krachmer negative. 

 
Figure 7. Definition and schematic illustration of normal cornea alongside mild and severe FECD. 
The white dashed ring illustrates a central zone of 5 mm in diameter. Figure by Andreas Viberg. 

Heredity  
A heredity interview regarding family history of known ophthalmological 
diseases was conducted in all participants. The interviews allowed recruitment of 
relatives to the FECD proband. This resulted in 17 participants from nine families, 
of which 14 had signs of FECD at clinical examination. The remaining 
participants (n=85) did not have a family history of FECD. The hereditary 
interviews were challenging because of the symptomatology of FECD, with 
progressively blurrier vision with rising age, which is similar to other eye diseases, 
not least cataract.  

Molecular genetic analyses 
As a starting point of the study, we applied our earlier developed strategy for 
identification of genetic causes in hereditary diseases24, using DNA from a FECD 
family with several affected family members. Targeted analyses of genes 
associated with corneal dystrophy were performed by the arrayed primer 
extension assay (APEX) available at Asper Biogene (Tartu, Estonia) but did not 
reveal any disease-causing variants.  
 
The project continued by recruiting and analysing all cases (n=102) and controls 
(n=102) with short tandem repeat PCR (STR-PCR) or Triplet repeat primed PCR 
(TP-PCR) to determine TCF4 repeat length, further described in the attached 
article (Study I). A (CTG)n repeat length in TCF4 over 50 was considered 
expanded in accordance with a previous study by Wieben et al., but a cut-off at 

Normal Mild Severe
Up to 12 central non-confluent

corneal guttae
Over 12 central guttae to 5 mm 

confluent central guttae
Over 5 mm corneal guttata with

or without oedema, Includes
performed keratoplasty

Krachmer grade: negative Krachmer grade: 1-3 Krachmer grade: ≥4



 

 

40 would not have changed the results of this study significantly.51 Blood samples 
were collected in EDTA tubes, and DNA was extracted using standard methods. 

Statistical analyses 
The relationship between a repeat expansion in TCF4 and FECD was presented 
as the proportion of cases with a (CTG)n repeat length over 50 among the FECD 
cases and the controls. Logistic regression was used to study the effect of 
increasing (CTG)n repeat length on disease grade and keratoplasty. The models 
predict the probability of severe FECD and corneal transplantation with 
increasing (CTG)n repeat expansion in TCF4. The regression model was adjusted 
for age, sex and previous cataract surgery. Spearman rank correlation was used 
enabling the comparison with the results of a preceding study.99 The Wilcoxon 
Rank Sum Test was used to compare the repeat length between mild and severe 
FECD and to compare the difference in repeat length between the group with and 
without keratoplasty.  
 
The results are presented as median and not as mean, as the median better 
reflects this sample’s centre, due to skewness of the distribution. Non-parametric 
methods were used as the sample size was small (below 30 in the group with mild 
FECD). The association between repeat length and continuous variables (CDVA 
and corneal thickness) was tested with Spearman rank correlation. Decimal unit 
was used for CDVA, and conversion to logMAR was considered not necessary as 
the test performed was non-parametric and based on rank. Pearson’s chi-squared 
test was used for categorical variables, when comparing cases with and without 
(CTG)n repeat expansion over 50 in regard to disease severity and corneal 
transplantation. 

Registry-based studies (Study II-IV) 
The registry-based studies comprise 49 Swedish cataract surgical units through 
their contribution to the Swedish National Cataract Registry (NCR) (Study II-IV) 
and seven Swedish cornea transplantation units participating in the Swedish 
Cornea Transplant Registry (SCTR) (Study III and IV).  

Data collection 
The studies have approval for access to the registry data from the steering groups 
of NCR and SCTR, in access to the ethical permit.  
 
Study II includes data from patients who had undergone cataract surgery 
between 2010 and 2017, and were registered in the NCR outcome registry, as well 
as completed the Catquest-9SF questionnaire. Data from 33 741 patients 
remained for the analyses after the exclusion of cases with extensive missing data 
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and cases where cataract surgery had been done in both eyes during the study. 
When duplicates, one case was randomly excluded.  
 
In Study III and IV, patient data from the core registry in NCR between 2010 and 
2012 were linked with data from SCTR between 2010 and September 2017 
through the Swedish social security number. Altogether, data from 276 362 
cataract patients were linked with data from 2 091 patients who underwent 
corneal transplantation due to endothelial failure.  
 
If both eyes, in the same patient, had cataract surgery during the study period, 
one eye was randomly excluded. Two eyes from the same person are presumed to 
have more in common and behave more similar than two eyes from two different 
persons. This is called paired-organ bias and can lead to estimation errors. There 
are different ways to handle paired organs in statistical analyses to avoid that bias. 
We randomly excluded one of the eyes if both had cataract surgery independent 
of future corneal transplantation and other factors. With this approach we 
conveniently generated unrelated samples for the analyses and avoided paired 
organ bias. Consequently, some cases that later had corneal transplantation were 
excluded. This method’s problem is the loss of data, but it was considered a 
suitable alternative because of the large number of participants. Surgical methods 
other than phacoemulsification with a posterior intraocular lens were excluded, 
as the impact on the endothelium varies between surgical methods, and as it is 
the main surgical method in cataract surgery (99% of the cases).79,100  
 
Simultaneous phacoemulsification and predominately Descemet stripping 
automated endothelial keratoplasty (Triple procedures)101 as well as corneal 
transplantation before cataract surgery were also excluded, as the purpose of the 
studies were to investigate the risk for corneal transplantation after cataract 
surgery.  

Conversion of visual acuity to logMAR 
The visual acuity is entered in the registries (both NCR and SCTR) in decimal 
acuity, which is the most common and familiar visual acuity unit clinically used 
by ophthalmologists in Sweden. Decimal and Snellen acuity in parametric 
statistical analyses lead to errors, as neither are measured on a linear scale, i.e., 
the letters in each row do not transform in a uniform stepwise manner. Also, one 
needs to use geometric instead of arithmetic mean for a correct Snellen visual 
acuity mean.  
 
Therefore, the decimal acuity is converted into logMAR (logarithm of the 
minimum angle of resolution) equivalent, in the registry-based studies.  
  



 

 

A high value in logMAR represents poor visual acuity, and a 
low logMAR value represents good visual acuity. Counting 
fingers was converted to 2 logMAR and hand motion to 3 
logMAR. Light perception with and without localisation is 
generally recommended to be excluded from statistical 
calculations, due to its absence of actual visual acuity. 
Instead it is considered to be a detection of stimulus.102 Still, 
we were concerned not to lose those data and chose to keep 
them in the analyses after converting perception of light 
with localisation to 4 logMAR and perception without 
localisation to 5 logMAR. Cases with very poor preoperative 
or postoperative visual acuity are common before corneal 
transplantation, and those cases were of vital interest to our 
study. We assessed that the benefits outweigh the risks of 
converting very poor vision in this way, which requires non-
parametric statistical methods. 

Catquest-9SF – Rasch analysis 
The Catquest-9SF instrument was used in the current studies to assess the effect 
of corneal guttata on the patient-perceived visual function after cataract surgery. 
The questionnaire's ordinal raw data was analysed with Rasch analysis in the 
software Winstep (Rasch Measurement Software, www.winsteps.com) and 
converted into a Rasch score, an interval level measurement called logit unit.  
 
The patient's ability is measured on the same scale as the task's difficulty level 
(item), Figure 8. The logit unit is the natural logarithm of the probability that a 
respondent completes an item successfully over the probability for an 
unsuccessful completion (the natural logarithm of the odds ratio).96 A more 
positive logit score means poorer self-assessed visual function and vice versa, due 
to the polarity of the response alternatives.  
 
Preoperative and postoperative Rasch scores were calculated for each patient and 
gave an interval continuous variable usually usable for parametric statistics such 
as linear regression. In the present studies, a semi-parametric method, logistic 
proportional odds regression, was used instead. 

Decimal LogMAR 
x -log(x) 
0.001 3 
0.01 2 
0.1 1 
0.2 0.70 
0.3 0.52 
0.4 0.40 
0.5 0.30 
0.6 0.22 
0.7 0.16 
0.8 0.10 
0.9 0.05 
1 0.00 
1.2 -0.08 
1.4 -0.15 
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Figure 8. In Rasch analysis, the level of a person’s ability and item difficulty is measured on the same 
scale, based on ordinal raw data. Illustration by Andreas Viberg. 

Non-normal distribution – Logistic proportional odds regression 
The postoperative data were markedly skewed for both postoperative CDVA and 
Rasch score, Figure 9. The study groups were vast and normal distribution should 
be possible to assume according to the central limit theorem. It states that the 
mean of all samples from a population will be about equal to the population's 
mean in a sufficiently large sample size of finite level of variance.103 Nevertheless, 
the assumption in linear regression of normally distributed residuals was not met 
in the current study. The non-normality was pronounced for postoperative CDVA 
and present in the Rasch score, and no suitable transformation was found.  
 
The skewness can be explained by a ceiling effect where a high proportion of the 
cases had the best possible measurable result after the surgery. Therefore, logistic 
proportional odds regression was used to assess the risk of inferior results 
depending on corneal guttata regarding visual acuity and self-assessed visual 
function.104 The continuous outcome variables were cut into intervals to form an 
ordered categorised dependent variable, with corneal guttata as the independent 
variable. 

Task 
(Item)

Scale

Abilty
(Person)



 

 

 
Figure 9. The distribution of postoperative visual acuity (left) and self-assessed visual function 
(right). Notice the skewness to the left of both variables. Figure by Per Liv. 

Confounders – DAGitty 
Direct acrylic graphs were used to explore the relationships between the various 
variables and minimise bias.105 This was accomplished with the browser-based 
environment DAGitty, www.dagitty.net.106 Age and sex, both influence the 
presence of corneal guttata, as well as the results, and were considered 
confounders and adjusted for in Study II-IV.107,108 The statistical models also 
adjusted for other ocular comorbidities such as glaucoma, age-related macular 
degeneration, diabetic retinopathy and pseudoexfoliation (Study IV). Similar 
studies treat ocular comorbidities the same way, but the necessity to do this and 
their confounder effects are not apparent.109 Still, both age and ocular 
comorbidities affect the choice to perform cataract surgery and furthermore its 
outcome, and, in this study, isolation of the effect of corneal guttata was desired.  
 
The time to follow-up can be derived from NCR, and one can expect that the 
presence of corneal guttata affects the time to follow-up, as prolonged recovery 

Postoperative CDVA, logMAR Postoperative Rasch score, logit
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can be seen in patients with corneal guttata after cataract surgery.82 The time to 
follow-up was used as an interaction variable with corneal guttata in Study II. The 
statistical models in Study II also adjusted for preoperative CDVA and Rasch 
score.  

Non-linear effect of continuous variables – cubic restricted splines 
The effect of age on the postoperative results of cataract surgery was found to be 
non-linear. A ten-year age difference between 70 and 80 years had a larger impact 
on the results than a ten-year age difference between 50 and 60 for example. 
Therefore, the continuous variable's non-linear effect was modelled using cubic 
restricted splines with various knots.110 This allowed non-linear effects on the 
dependent variable in the regression model. 

Linkage of registries 
In Study III and IV, the outcome measure was corneal transplantation after 
cataract surgery and the impact of corneal guttata, dense cataract (TB) and 
posterior capsule rupture respectively. Cases in NCR with phacoemulsification 
were linked by their Swedish social security number to cases in SCTR with the 
surgical indication of primary or secondary endothelial failure. The studied years 
from the SCTR extended further than the years from NCR to capture succeeding 
corneal transplantation.  

Deceased participants during the study 
Cataract and cataract surgery are most common among the elderly in the 
population, and a number of the included patients died during the study period. 
By linking two quality registers, we aimed to calculate the incidence of corneal 
transplantation after cataract surgery, but each patient in the cohort was not 
followed through the whole study, and various events could have occurred 
without it becoming known through the current registries. Data from the Swedish 
Population Register (Navet) was used to check if patients in the cohort had died 
or emigrated during the study period. If a patient was deceased, the time of risk 
was reduced accordingly and censored.  

Incidence and Poisson regression 
In Study III and IV, the incidence of corneal transplantation after cataract surgery 
was calculated by the number of corneal transplants divided by the person years 
at risk per 10 000 person years. The relative risk for corneal transplantation 
because of endothelial failure after phacoemulsification depending on corneal 
guttata, dense cataract and/or posterior capsule rupture was further investigated 
with Poisson regression analysis. 
 



 

 

Ethical considerations 
The studies in this thesis were approved by the Regional Ethical Review Board in 
Umeå, Sweden (2017/298-31), the Swedish Ethical Review Authority (2019-
01744) and conducted in line with Swedish law (SFS 2003:460) and the tenets of 
the Declaration of Helsinki.111  
 
In Study I, the cases were included after written informed consent. Planned 
surgeries were performed as intended without the influence of the study 
participation. The cases were informed that refraining from participating in the 
study would not affect the planned treatment. Additional examinations for the 
study such as measurement of corneal thickness and, in selected cases, corneal 
photography, optical coherence tomography and specular microscopy, were not 
invasive, except for two standard venous blood samples with a low risk of 
complications.  
 
Data collection from the blood samples included genetic analyses of a partial 
genome, which contains an immense amount of information. The participants’ 
genes were analysed with the aim to find associations between genetic variations 
and the corneal disease FECD. The analyses focused on limited genes related to 
the eye and the cornea. The participants could choose to have the findings 
regarding FECD reported back to them on an individual level. This study had 
limited data on the health of each participant besides ocular morbidity and 
focused on studying genes related to the cornea. Therefore, the participants were 
not offered to receive information about incidental findings. It has been 
emphasised that incidental findings that are valid, clinically significant and 
actionable e.g., the genes predisposing to cancer, should be reported back to the 
participant.112 Nevertheless, how to handle incidental findings is not evident. 
Genetic findings can be complex with unproven predictive value. Disclosure of 
genetic incidental findings must consider the complexity of genetic risk 
information, how it is perceived and the modern understanding of genetics.113  
 
In accordance with the ethical approval for Studies II-IV, no individual informed 
consent was obtained from the participants. Individual consents in the registry-
based studies would complicate the research and be very problematic given the 
large number of participants and the fact that the surgery was performed many 
years ago. The patients had previously agreed to registration and follow-up in 
NCR and SCTR, respectively. The study participants' medical treatment was not 
affected by their participation in the studies and did not involve any additional 
medical risks. The potential risks regarding personal sensitive information and 
integrity was prevented by secure handling and processing of the data, and by 
presenting the results at a group level. 
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Results 
The results of this thesis are presented in two parts: 
 

§ In the first part, the results of the genetic study (Study I) uncover the 
genetic aetiology of FECD in northern Sweden.  

§ In the second part, the results of the registry-based studies (Study II-IV) 
reveal the effect of cataract surgery on patients with corneal guttata 
(FECD) and in challenging cases, as well as the need of following corneal 
transplantation.  

Genetic aetiology of FECD (Study I) 
In the genetic study, 85 patients with FECD were enrolled as index cases, and 17 
were included as relatives. Of the index cases, 76 (89.4%) had a (CTG)n expansion 
over 50 repeats. In the control group (n=102), without available ophthalmological 
status, 3.9% (n=4) had a repeat length over 50.  
 
Figure 10 shows the distribution of the TCF4 repeat expansion in the cohort 
stratified by mild and severe disease. There was a significant association between 
severe FECD and an increased (CTG)n expansion, with an adjusted OR of 2.13 
(95% CI, 1.34-3.39) per repeat length unit. The probability of severe FECD rose 
with increasing (CTG)n expansion length in the performed regression model with 
adjustment for age, sex and previous cataract surgery.  
 
When looking deeper into the group with associated corneal transplantation, our 
data revealed that almost half of the included cases (n=42), had undergone or 
were planned for a corneal transplantation, and these had a median repeat length 
of 87.5 (IQR 15), in comparison to 82.0 (IQR 23.5) repeats in the group without 
corneal transplantation (p = 0.02). The probability of corneal transplantation 
rose with increasing (CTG)n expansion length.  
 

 
Figure 10. The distribution of (CTG)n repeat expansion lengths among the 85 included FECD cases 
stratified by disease severity and the median marked with vertical lines. Notice that the two cases 
marked with 125 repeats had >125 repeats. Graph by Andreas Viberg. 
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The median corneal thickness was 556 µm (IQR 39.3) in the group with mild 
FECD and 629 µm (IQR 83.5) in the group with severe FECD (p < 0.001). No 
correlation was seen between (CTG)n repeat length and corneal thickness (R = 
0.15, p = 0.24), Figure 11. 
 

 
Figure 11. The left plot shows corneal thickness stratified by FECD grade, and the right plot shows 
the correlation between (CTG)n repeat length and corneal thickness. Graphs by Andreas Viberg. 

Females, 65.9%, and elderly, 71.0 years in median, were overrepresented in the 
cohort. Both age and sex distribution were similar for mild and severe FECD. The 
CDVA was poorer in severe than mild FECD, but no correlation was seen between 
repeat length and CDVA (R = 0.07, p = 0.54), Figure 12. 
 

 
Figure 12. The left boxplot shows the CDVA stratified by FECD grade, and the right plot shows the 
correlation between (CTG)n repeat length and CDVA. Graphs by Andreas Viberg. 
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TCF4 negative FECD 
In 10.6% of the FECD cases (n=9), the (CTG)n repeat length was below 50 and 
they were considered TCF4 negative. On clinical examination, these cases had a 
less severe disease, and corneal transplantation was less common than in the 
TCF4 positive group. Other ocular surgeries, besides cataract surgery and corneal 
transplantation, were on the other hand overrepresented in the TCF4 negative 
group, 44.4% (n=4) compared to 3.9% (n=3) in the TCF4 positive group 
(p < 0.001). Further analyses, including whole exome sequencing, are planned in 
a near future, to investigate potential candidate genes causing FECD in those 
cases.  

FECD in cataract surgery (Study II-IV) 
In papers II-IV, the outcomes of cataract surgery among patients with corneal 
guttata and in challenging cases were investigated with the use of different 
approaches. The outcome measures were, visual acuity, self-assessed visual 
function, and risk of future corneal transplantation. Challenging cataracts were 
designated from the NCR by the use of TB and the registration of posterior 
capsule rupture separately and together.  

Visual acuity  
Study II contained data from 33 741 patients, of which 2.6% had corneal guttata. 
Visual acuity after cataract surgery improved in both patients with and without 
corneal guttata. The median postoperative CDVA in patients with corneal guttata 
was 0.1 logMAR (0.8 in decimal) to compare with 0.0 logMAR (1.0 in decimal) in 
patients without corneal guttata. Corneal guttata was associated with poorer 
visual acuity after cataract surgery compared to patients without corneal guttata 
with an adjusted OR of 1.74 (95% CI, 1.33-2.26) at the median time to follow-up. 
The impact of corneal guttata on postoperative visual acuity is illustrated as an 
adjusted cumulative probability distribution in Figure 13 and shows the 
probability to have at least the postoperative CDVA on the x-axis. For example, 
the probability of getting a CDVA after cataract surgery of at least 0.05-0.1 
logMAR (0.8-0.9 in decimal) is 55% for corneal guttata cases and 64% for patients 
without corneal guttata. Patients with corneal guttata have a lower probability of 
achieving a CDVA as good as patients without guttata. In other words, patients 
with corneal guttata have a higher probability of inferior CDVA than patients 
without guttata. 



 

 

 
Figure 13. The adjusted cumulative probability distribution showing the probability to at least 
have the postoperative logMAR result in each interval of postoperative CDVA. Graph by Per Liv. 

The proportion of patients with a worse CDVA after the cataract surgery than 
before was larger in the group with corneal guttata (5.8%) than in the group 
without (3.2%) (p < 0.001). The adjusted OR for a patient with corneal guttata to 
worsen in CDVA after the surgery was 2.09 (95% CI, 1.53-2.87). In other words, 
the probability for corneal guttata patients to worsen in visual acuity after 
cataract surgery is twice as high compared to patients without corneal guttata. 
The median time to follow-up differed between the group with and without 
corneal guttata (36 versus 33 days, p = 0.004). The predicted probability of 
having a postoperative visual acuity worse than the median (logMAR > 0.05, 
decimal < 0.9) was significantly higher for the group with corneal guttata 
compared to without, and the difference was most significant within the first 
three weeks after the surgery. Higher age increased the probability of inferior 
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postoperative visual acuity in a non-linear way when adjusting for confounder 
effects and ocular comorbidity, Figure 14. 
 

 
Figure 14. The probability of postoperative CDVA worse than median depending on the patient’s 
age in years stratified by corneal guttata. Graph by Per Liv. 

Self-assessed visual function 
Both patients with and without corneal guttata had a great improvement in self-
assessed visual function after cataract surgery, with dropped Rasch scores. The 
median postoperative Rasch score in patients with corneal guttata was -3.16 logit 
to compare with -3.35 logit in patients without corneal guttata (p < 0.001). 
Notice, the lower the value, the better the result is. When comparing the groups 
with and without corneal guttata, there was a slight difference. Still, the cases with 
corneal guttata had a statistically significant inferior postoperative self-assessed 
visual function in the performed regression model, with an adjusted OR of 1.22 
(95% CI, 1.08-1.37).  



 

 

Additionally, patients with corneal guttata had an increased risk of having worse 
perceived visual function after cataract surgery than before, compared to patients 
without corneal guttata. There was an association between having corneal guttata 
and an increased Rasch score of more than one logit after the surgery compared, 
with an adjusted OR of 1.51 (95% CI, 1.09-2.08).   

Corneal guttata and risk of corneal transplantation 
Studies III and IV contained data from over 192 000 patients that had undergone 
cataract surgery. Corneal guttata was registered in over 3 300 patients (1.7%), and 
4.6% of these 3 300 underwent corneal transplantation later during the study 
period. The incidence rate of corneal transplantation after phacoemulsification 
among patients with corneal guttata was 88 per 10 000 person-years (95% CI, 
74.5-103.1). The annual incidence was highest the first year after the cataract 
surgery and diminished thereafter. In comparison, the incidence rate of corneal 
transplantation among the patients without corneal guttata was 1.4 per 10 000 
person-years (95% CI, 1.2-1.6). Phacoemulsification in patients with corneal 
guttata was associated with corneal transplantation with an adjusted relative risk 
of 68.2 (95% CI, 54.0-86.2). Increasing age was associated with a gradually 
decreasing probability of corneal transplantation. 

Dense cataract and risk of corneal transplantation 
Among all the cases, who underwent cataract surgery in Study IV, 8 103 (4.2%) 
were performed with TB and were considered as dense cataract. Later, 0.5% of 
these (n=43) had a corneal transplantation performed, resulting in an incidence 
rate of corneal transplantation of 10.4 per 10 000 person-years (95% CI, 7.5-
14.0). The incidence rate of corneal transplantation among cases without TB was 
2.35 per 10 000 person-years (95% CI, 2.0-2.7). Dense cataract indicated by TB 
at cataract surgery is, in other words, associated with an increased risk of corneal 
transplantation with an adjusted relative risk of 3.8 (95% CI, 2.8-5.3). The 
included adjustments were age, sex, corneal guttata, age-related macular 
degeneration, glaucoma, pseudoexfoliation and diabetic retinopathy. Higher age, 
particularly over 70 years, in dense cataract cases resulted in a gradually 
decreasing probability of corneal transplantation. 
 
TB was used more frequently in the corneal guttata group (6.7%) than in the 
group without corneal guttata (4.2%) (p < 0.001). An obvious question is how 
corneal guttata together with dense cataract affect the corneal transplantation 
risk. Study IV shows that cases with TB and corneal guttata were not 
overrepresented among cases followed by corneal transplantation (14.8%) 
compared to cases without guttata but with TB (15.1%).  
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Posterior capsule rupture and risk of corneal transplantation 
The prevalence of posterior capsule rupture in the included cases with 
phacoemulsification was 1.0% (n=1 941). Subsequent corneal transplantation 
was performed in 0.5% of these cases (n=9), resulting in an incidence rate of 8.9 
per 10 000 person-years (95% CI, 4.1-16.9) and an adjusted relative risk of 3.5 
(95% CI, 1.8-6.7). An age-related decrease in the probability of corneal 
transplantation was detected. 
 
The prevalence of posterior capsule rupture was similar in the group with and 
without corneal guttata (~1%). The combination of posterior capsule rupture with 
corneal guttata was not overrepresented among cases with following corneal 
transplantation (0%) compared to cases without corneal guttata but with 
posterior capsule rupture (6.5%). In other words, posterior capsule rupture in an 
already vulnerable endothelium with corneal guttata did not affect the risk of 
corneal transplantation further. 

The combination of dense cataract and posterior capsule rupture 
The analyses above presented the results of TB and posterior capsule rupture 
separately, but in addition, the results of challenging cataract surgery with both a 
dense cataract (TB) and posterior capsule rupture were also studied. That 
combination was registered in 0.17% of the cases (n=324), of which 1.2% later 
had a corneal transplantation (n=4). Phacoemulsification with both TB and 
posterior capsule rupture together, was associated with an increased risk of 
corneal transplantation with an adjusted relative risk of 13.2 (95% CI, 4.9-35.8). 
TB and posterior capsule rupture, together, combined with corneal guttata was 
not overrepresented among cases with following corneal transplantation (0%) 
compared to cases with the combination of TB and posterior capsule rupture but 
without corneal guttata (2.9%). The results regarding the effect of corneal guttata 
should be interpreted with caution due to small numbers. 

Study dropout 
A systematic error or bias in the studies’ missing data and dropout can damage 
the result. The differences between dropouts and included cases are presented to 
detect a systematic error. 
 
In Study II, the follow-up visit was missing in 6.6% (n=2 938) of the cases and 
the follow-up Catquest-9SF form in 23.2% (n=10 278). There was a trend towards 
a higher prevalence of corneal guttata in the dropout group, but the difference 
was not statistically significant, Table 2.  

In Studies III and IV, data from the Swedish Population Registry was used to 
verify that the included cases were alive the whole study period. One-third of the 



 

 

included cases (n=63 144) deceased during the study period and were censored 
from the analyses at the date of death, to calculate the incidence of corneal 
transplantation. There was a similar prevalence of corneal guttata when 
comparing the groups. The participants that died during the study period were 
older, consisted to a greater extent of men, were cases with ocular comorbidity, 
and poorer preoperative CDVA than cases that were alive during the whole study 
period, Table 2.  
 
 Follow-up visit dropout  

 1 0 p value 
n 2 938 41 632  

Corneal guttata (%) 92 (3.1) 1 118 (2.7) 0.19 
Sex = Female (%) 1 148 (59.5) 20 944 (60.5) 0.40 
Age (median [IQR]) 74 [12] 75 [12] 0.05 
Diabetic retinopathy (%) 130 (4.4) 1 824 (4.4) 1.00 
Age-related macular degeneration (%) 381 (13.0) 6 679 (16.2) <0.001 
Glaucoma (%) 230 (7.8) 3 688 (8.9) 0.05 
Preop CDVA logMAR (median [IQR]) 0.40 [0.30] 0.40 [0.30] 0.07 
    
 Follow-up form dropout 

 1 0 p value 
n 10 278 34 074  

Corneal guttata (%) 305 (3.0) 899 (2.7) 0.07 
Sex = Female (%) 4 892 (59.4) 20 482 (60.4) 0.09 
Age (median [IQR]) 74 [13] 75 [11] <0.001 
Diabetic retinopathy (%) 579 (5.7) 1 360 (4.0) <0.001 
Age-related macular degeneration (%) 1 665 (16.4) 5 361 (15.8) 0.19 
Glaucoma (%) 849 (8.3) 3 057 (9.0) 0.04 
Preop CDVA logMAR (median [IQR]) 0.40 [0.48] 0.30 [0.30] <0.001 

    
 Deceased during study period 
 1 0 p value 
n 63 144 129 109  
Corneal guttata (%) 1 132 (1.8) 2 206 (1.7) 0.19 
Sex = Female (%) 34 293 (54.3) 80 594 (62.4) <0.001 
Age (median [IQR]) 81 [10] 73 [12] <0.001 
Diabetic retinopathy (%) 4 059 (6.4) 4 877 (3.8) <0.001 
Age-related macular degeneration (%) 14 674 (23.2) 16 770 (13.0) <0.001 
Glaucoma (%) 7 361 (11.7) 11 679 (9.0) <0.001 
Preop CDVA logMAR (median [IQR]) 0.52 [0.40] 0.40 [0.48] <0.001 

Table 2. Comparison between dropout cases from follow-up visit, Catquest-9SF follow-up form and 
cases that deceased during the study period (1) with included cases in the analyses (0). 
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Discussion 
This thesis takes a broad grasp of the corneal disease FECD and ranges from 
studying the genetic cause of the disease to a both clinical and population view on 
how FECD affects the results after cataract surgery. The results include objective 
and subjective measures and the risk of further surgery. The comprehensive grip 
on FECD is one of this thesis great advantages. The same team of 
ophthalmologists with first-hand practice of FECD and clinical geneticists with 
experience of eye research, were involved the whole way; from study design, 
clinical investigation, recruitment, and discussion of genetic and molecular 
findings. This collaboration resulted in the possibility to couple clinical and 
genetic findings. The studied cohort from Northern Sweden has a strong 
association between FECD and (CTG)n repeat expansion over 50 in the TCF4 
gene. Additionally, the severity of FECD was shown to be associated with the 
repeat length in the TCF4 gene.  
 
FECD often manifests later in life, when cataract also commonly appears. As a 
consequence, these patients often suffer from both cataract and FECD at the same 
time. The decision to carry out cataract surgery is sometimes challenging. The 
assessment of risk for further corneal deterioration and to judge which disease is 
actually causing most of the patient's visual impairment, needs to be considered. 
The studies in this thesis are performed by a team with experience of both cataract 
surgery and corneal transplantation due to FECD in practice and of 
understanding the medical assessment prior to surgery: an advantage when 
evaluating the findings and their clinical application. Several of the co-authors 
have extensive knowledge of the studied registries (NCR and SCTR), bringing 
highly qualified competence to the performed studies. We show that both patients 
with and without FECD benefit from cataract surgery, with improved visual 
acuity and self-assessed visual function for the groups as a whole. Even so, 
patients with FECD have a greater risk of inferior results than patients without 
FECD, but the risk for each individual needs to be carefully assessed.  
 
The risk to need also a corneal transplantation after cataract surgery in patients 
with corneal guttata is 68 times higher than in patients without corneal guttata. 
It may seem as an extraordinarily high risk, but the number is not surprising in 
view of the fact that FECD is the main indication for corneal transplantation.29 
The probability of corneal transplantation after cataract surgery is most 
significant the first year after cataract surgery and diminishes after that. Cataract 
surgery, with a dense lens or/and a posterior capsule rupture, is also associated 
with an increased risk to later need a corneal transplantation, surprisingly 
without the synergistic effect of corneal guttata.  



 

 

In summary, the unique collaboration between different competencies has led to 
translational benefits and results that bridge the gap between genetic knowledge 
in the laboratory to the clinical expression and prognosis of FECD. 

TCF4 in FECD (Study I) 
Nearly 90% of the included FECD patients had a (CTG)n expansion over 50 
repeats, compared with 3.9% in the control group. This is the highest prevalence 
of (CTG)n expansion reported in FECD worldwide. Other studies have reported a 
prevalence of FECD cases with an expanded allele ranging from 52 to 79%.43,51,114 
The high prevalence could have different explanations. The fact that Study I 
mainly included severe cases of FECD (69.4%), as most participants were 
recruited in a situation where corneal transplantation was in question, can be a 
partial explanation. Another reason might be that only two ophthalmologists, 
with great experience to examine patients with FECD, recruited all the patients 
and possibly limited false positives cases. An additional explanation may be that 
FECD in Northern Sweden is more commonly associated with TCF4 compared to 
in other populations. 

TCF4 negative FECD 
No culprit gene or variant has been found among the TCF4 negative cases with 
(CTG)n repeats below 50 so far. One case was heterozygous for a mutation in 
SLC4A11 and also had a history of recurrent anterior uveitis, which may have 
contributed to the corneal disease.  
 
Intriguingly, other ocular surgeries, besides cataract surgery and corneal 
transplantation, were vastly overrepresented in the TCF4 negative group with 
clear significance. This indicates that environmental factors may affect FECD 
development in the TCF4 negative cases. FECD was generally less severe in the 
TCF4 negative group, at clinical examination, in comparison with cases in the 
group with expanded TCF4. Could this reflect two different groups of FECD: one 
with “TCF4 positive” cases that have a hereditary pattern, and another with 
“TCF4 negative” FECD who might have an environmental aetiology? This 
reasoning could be an explanation for the diversity reported in prior genetic 
studies, where a common genetic cause could not be found for all cases.40,42,45,115  
This hypothesis requires further genetic studies with a larger sample size, 
including FECD families, other non-TCF4 FECD mutations thoroughly ruled out 
and with attention paid to selection bias.  
 
The association between other ocular surgery and TCF4 negative FECD cases can 
be affected by a collider bias. If the sample of the study is within the stratum of 
referred cases to an ophthalmologist, a distorted association can potentially be 
observed.  
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In Study I, still undiscovered genetic association cannot be ruled out. The 
assessment of FECD heredity was challenging to map as it mainly was built on 
family history interviews. The symptomatology of FECD, with progressively 
dimmer vision with rising age, is similar to other eye diseases, not least cataract, 
which also generally is much more common. Moreover, FECD is clinically 
heterogeneous with variable expressivity not only between the individuals but 
also within families. The hereditary variable, based on the visual symptoms of the 
relatives, is thereby less reliable, which is a weakness of the study. An effort was 
put to recruit relatives to TCF4 negative patients, and further analysis with whole 
exome sequencing is in progress.   

FECD grading and prevalence 
The five-point scale according to Krachmer is common to use for grading of 
corneal guttata in scientific studies32, but we chose a two graded scale instead; 
mild and severe FECD. The Krachmer method struggles with reproducibility, 
variance between observers, and in our experience, even skilled ophthalmologists 
can find it challenging to diagnose and classify discrete corneal guttata.17 
 
The division in mild and severe FECD was chosen to make the study results more 
clinically applicable, which is a strength of our method. It is straightforward to 
set the slit lamp height to 5 mm and determine, if the diameter of confluent 
guttata is greater than 5 mm and thereby a severe FECD is present. On the other 
hand, a weakness of this method is whether 5 mm is a relevant threshold to 
distinguish between mild and severe FECD. In retrospect, a better approach could 
have been to use the classical five-point scale and later reduce stages assessed as 
redundant.  
 
Performed epidemiological studies show a wide range of FECD prevalence. 
Approximately 3.9% of individuals over 40 years of age had confluent corneal 
guttata in an American study from 1967.116 A higher prevalence of FECD is seen 
in European countries than in other parts of the world. In an Icelandic study, 11% 
of females and 7% of males had corneal guttata.107 Different populations and 
disease criteria can explain the differences in reported prevalence.  
 
Performed or planned keratoplasty gives an idea of disease severity, but is an 
uncertain measurement of the FECD stage, with risk of false-negative cases. 
There are probably not many patients who go through corneal transplantation 
with mild disease, but it is possible and ever feasible, that patients with severe 
disease do not undergo corneal transplantation. The decision to perform a 
corneal transplantation is based on more than disease severity. The patient needs 
to be well informed about the surgery, its long healing time and lifelong risk of 
rejection and in the end must want to undergo corneal transplantation with all 



 

 

that it entails. Furthermore, there must be an opportunity for the surgery to 
improve the patient’s situation. In one large study including 16 535 FECD 
patients, 6% between 65 and 88 years of age underwent corneal transplantation 
over 6 years.117 The proportion of FECD patients needing corneal transplantation 
is challenging to study, as the treatment changes over time and is dependent on 
access to treatment. 

Potential alternative examinations 
Alternative methods to measure and grade the FECD severity could have been 
interesting to include in Study I, such as for example stromal and epithelial 
oedema. The corneal thickness measurements were a troublesome variable in 
Study I. Mainly because both cases with and without corneal transplantation were 
included, which affected the measurements. Further, there are individual 
differences in corneal thickness regardless of corneal oedema, and no data before 
disease development were available. A possibility would have been to use the 
central-to-peripheral thickness ratio or pachymetry progression index (OCULUS 
Pentacam®)31,118, with the rationale that the corneal thickness is different 
throughout a normal cornea, from the thinner centre to the thicker periphery. 
The individual peripheral cornea can thereby serve as its own reference. In FECD 
and especially with corneal oedema, the normal corneal thickness progression is 
less distinct.119 
 
The endothelial cell count and hexagonality could also have been exciting 
variables to analyse in respect to the (CTG)n expansion. However, endothelial 
examination with the use of specular microscopy often fails to examine patients 
with FECD, especially severe cases with reduced transparency. An alternative 
method, is the in vivo confocal microscope (IVCM), which might offer better 
visualisation of the endothelial layer than specular microscopy, in corneas with 
corneal guttata, oedema, and haze.120  

Possibilities 
After corneal transplantation, the graft and endothelial cell survival diminishes 
each year. Ang et al. show a five-year graft survival of 79.4% after DSAEK in a 
group with both FECD and PBK without FECD.121 Although the cornea is an 
immune-privileged tissue, immunological rejection is an important cause of graft 
failure.122 Could this risk of failure be affected by (CTG)n repeat expansion in 
TCF4 in the used donor tissue? The quality of the donor tissues is thoroughly 
controlled in the tissue establishment, but still, in a young donor, the cornea could 
be assessed as normal and healthy with a TCF4 repeats expansion of over 50.  
 
This study takes us one step closer to the understanding of the aetiology of FECD, 
which is essential in the work towards novel treatment options. A breakthrough 
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in genetic research took place at Umeå University with the discovery of the 
CRISPR/Cas9 system, an example of possible therapeutic genetic editing.123 The 
path from the (CTG)n expansion in TCF4 on chromosome 18 to loss of endothelial 
cells and visual impairment, might be complex, and can have several sites of 
possible future therapeutic approaches; genetical sites as well as other routes of 
treatment than purely genetic ones. Possible targets can be epigenetic and 
molecular sites in the pathological pathway, an example of which is antisense 
oligonucleotides inhibiting RNA foci reversing RNA toxicity. It has earlier been 
studied in FECD as well as dystrophia myotonica, another repeat expansion 
disease.124,125  
 
The exact pathophysiology explaining the coupling of the findings in the TCF4 
gene and the phenotype of FECD is still unclear. Different molecular explanations 
have been discussed before, like a toxic role of RNA44,126 that might cause an 
increased expression of extracellular matrix due to reduction of microRNA.55 
Repeat-associated non-ATG translation127 and hypermethylation in the corneal 
endothelium58,128 have also been studied to various extent as alternative 
backgrounds for the pathophysiology in FECD. The exact molecular mechanism 
explaining the relationship between (CTG)n expansion in the TCF4 gene and the 
clinical appearance of FECD is beyond the grasp of this thesis. Still, the results 
from Study I are now used as basis in an already started project in which tissue 
and blood samples from FECD patients undergoing DSAEK are collected. 
Analyses of the endothelium in these severe cases will be further explored with 
focus on DNA methylation. The hypothesis is that FECD cases have different 
mechanisms of methylation than controls which might affect the development of 
FECD. 

FECD in cataract surgery (Study II-IV) 
Previous studies have shown that cataract surgery leads to corneal endothelial 
cell loss that ranges from 4% to 16%, and even higher in some cases.80-82 Corneal 
guttata and FECD is associated with reduced endothelial cell density and 
increased endothelial cell loss.30,129 It is logical to think that patients with reduced 
preoperative endothelial cell density may be more susceptible to the negative 
effect of cataract surgery, a rationale that can lead to avoidance of cataract 
surgery. Previous studies have indicated mild transient corneal oedema and little 
effect on CDVA and self-assessed visual function after phacoemulsification in 
eyes with corneal guttata.82,109,130 Here we show, with a large sample size, that 
both patients with and without FECD benefit from cataract surgery, with 
improved visual acuity and self-assessed visual function for the groups as a whole. 
Still, patients with FECD have a greater risk of inferior results than patients 
without FECD and need a corneal transplantation more often to reach a better 
vision. Population-based studies with large sample size, as studies II-IV, offer the 



 

 

possibility to examine the results for various diagnoses in general, but the risk for 
each individual needs to be assessed carefully.  

Strengths and limitations 
The NCR and SCTR comprise data from the entire nation of Sweden, thereby 
practically including surgical data of all cataract surgeries and corneal 
transplantations performed in the whole nation and a considerable amount of 
follow-up data. This nation-wide inclusion, strengthens the registry-based 
studies, making them less biased by differences between clinics and regions.  
 
The large sample size resulted in high statistical power, enabling minor group 
differences and effects to be detectable. This is mainly considered as a strength 
but can also be a pitfall. A tiny difference between groups with questionable 
clinical significance can have marked statistical significance. One can argue that 
this is the case in Study II, where the difference in Rasch score between the group 
with and without corneal guttata was 0.19 logit (p < 0.001). A previous validation 
study considered a change in Catquest-9SF Rasch score of 2.27 logit to be clinical 
reliable.131 This is discussed in Study II, and intervals with one logit steps were 
used in the ordinal regression model, and one logit decrease was considered a 
falling result in the logistic regression model. This exemplifies the need to 
understand the data you are working with. 
 
The great number of available and already collected data is an asset and 
advantage of registry-based studies compared to other study designs. The 
longitudinal data of large sample size enables analyses of diseases over time, not 
least rare diseases, unusual factors, and complications. The effectiveness and 
safety of treatments and possible risk factors can be studied through sub-
analyses. The data is from real-life patients in real-life clinical settings and can 
provide generalisable knowledge.  
 
Still, there are limitations of registry-based studies worth discussing. The 
variables are fixed and usually decided before the study is planned and 
performed. Typically, hypothesis testing can only be performed based on 
variables collected in advance. For example, corneal guttata grading, 
phacoemulsification time and other perioperative information would have been 
valuable variables in studies II-IV but were unavailable through the used 
registries. Of course, it is possible to add data to the study from medical journals 
and supplementary examinations.  
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Causality is another limitation of a registry-based study, in which a detected 
association between two variables does not necessarily imply a causal 
relationship. For example, the association between posterior capsule rupture at 
cataract surgery and corneal transplantation can have other explanations than 
the posterior capsule rupture itself. Other variables, known or unknown, can act 
as confounders and affect the association between the variables. Novice cataract 
surgeons have a higher risk of posterior capsule rupture and are likely to have a 
longer phacoemulsification time in general.94 With this reasoning, there may be 
a causal relationship between phacoemulsification time and risk of corneal 
transplantation that might suggest that posterior capsule rupture does not 
increase the risk of corneal transplantation in itself.  
 
Parrying for known confounders is important in registry-based studies, which 
requires that the researcher understands the data used and its clinical 
implication. Confounders can be taken under consideration by including them in 
regression models or made visible by stratification. Unknown confounders or 
uncollected data with confounder effects makes the analyses in registry-based 
studies particularly challenging. The problem with causality and confounder 
effects is instead absent in randomised controlled trials (RCT), in which 
randomisation is the key. However, RCT deals with other challenges as high 
consumption of both time and expenses and the difficulty to reach sufficient 
sample sizes. 
 
Registries can also be linked together, as done in Studies III-IV, to answer 
research questions. This linkage method must be thoroughly planned before the 
study begins, as it needs to be included in the ethical application. Registries can 
also be used as a form of infrastructure to perform registry-based randomised 
controlled trials (R-RCT), where, for example, two treatments can be randomised 
between two groups. Additional variables adapted to planned studies can be 
added to existing registers by its steering committee, but the benefit of already 
collected data is then lost.  
 
Studies II, III and partially IV are based on the corneal guttata variable from NCR. 
Corneal guttata is registered by the surgeon mainly from the medical journal. The 
studies' results are affected by the validity of the used variables in general, but 
corneal guttata in particular. It is a general challenge for registry-based studies 
where many different persons with various experiences, facilities, and routines 
collect and register the data.  

Corneal guttata prevalence 
The prevalence of corneal guttata is lower in the studies of this thesis than in other 
non-registry-based studies, and one can suspect missed reporting of corneal 



 

 

guttata to the NCR. An unpublished validation of 500 cases (five clinics with 100 
cases per clinic) performed by NCR showed an 81.2% sensitivity and 98.5% 
specificity of the corneal guttata variable. In other words, one in five diagnosed 
corneal guttata is not reported to NCR. Additionally, the examiner could have 
missed corneal guttata, which might further explain the low prevalence compared 
to other studies. In the current studies, false-negative corneal guttata could have 
underestimated the impact of corneal guttata on cataract surgery by a diluting 
effect. It might also have overestimated the impact of corneal guttata if more 
severe FECD cases were concentrated in the corneal guttata group. 
 
Corneal guttata is common, with a 4.1-11% prevalence107,108,116, and far from all 
progress to severe forms of FECD. In NCR, corneal guttata is a dichotomous 
variable, which means that it is either present or not. Discrete corneal guttata is 
recorded and grouped in the same variable as severe FECD, with corneal oedema 
and bullae. The state of the endothelial cells is expected to differ in those two 
examples, and it is reasonable to think that the cells handle the stress of cataract 
surgery differently. Therefore, the results and conclusions of Studies II-IV are 
relevant to the corneal guttata group as a whole. Leaving aside the difficulty of 
grading, data regarding the extent of corneal guttata and FECD severity could 
have improved the studies and probably contributed to an even better risk 
analysis tool for FECD patients before cataract surgery. Possibly, very discreet 
corneal guttata does not increase the risk for corneal transplantation after 
cataract surgery, while the risk is high in advanced FECD with corneal oedema, 
which is a possibility that this thesis cannot sort out. 

Corneal transplantation after cataract surgery 
The incidence of corneal transplantation after cataract surgery in the group with 
corneal guttata is highest the first subsequent year after the cataract surgery. A 
number of those cases were probably planned for corneal transplantation 
beforehand, with cataract surgery as a first step. Cornea specialists have 
presumably examined these severe FECD cases and assessed cataract surgery 
alone to be an insufficient treatment. Some of those planned corneal 
transplantations might later have been inhibited because of surprisingly good 
results after the cataract surgery. Study III contributes a comparison of the 
corneal transplantation incidence after cataract surgery between patients with 
and without corneal guttata and how the incidence evolves. It does not compare 
the risk of need for corneal transplantation among FECD cases with or without 
cataract surgery. An RCT would better assess cataract surgery outcome in itself; 
randomising FECD cases to cataract surgery or no treatment. An alternative 
would be a prospective cohort study in which patients with different FECD stages 
were followed over time to detect deterioration, cataract surgery, corneal 
transplantation and surgical outcome. 
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Another consideration to have in mind, is that the corneal transplantation 
incidence in a population is affected by the number of transplantations 
performed, which is limited by the access to donor tissue, available surgical 
competence and current surgical method. The low visual acuity before corneal 
transplantation shown in Study III indicates that there is a need for more corneal 
transplants. The median CDVA before corneal transplantation in the group with 
corneal guttata was o,1 in Decimal and Counting fingers in the group without 
corneal guttata. An increased transplantation volume would consequently 
increase the transplantation incidence rates with the method used in the current 
thesis.  
 
Nevertheless, the incidence of corneal transplantation after cataract surgery 
decreased from 171.6 per 10 000 person-years the first year to 86.8 the second 
year and showed a trend to decrease further the following years. One would 
expect that increasing age with further endothelial cell loss and disease 
deterioration would lead to an increased incidence of corneal transplantation. On 
the contrary, increasing age of the patients with corneal guttata at the time of 
phacoemulsification had a gradually decreasing probability of corneal 
transplantation. The expected disease deterioration by increasing age is perhaps 
counterbalanced by the decreased probability of corneal trans-plantation with 
increasing age. It is also plausible that corneal decompensation and the 
worsening triggered by cataract surgery have the most significant impact close to 
the surgery, an event generating ocular trauma and inflammation.83 In addition, 
shorter duration of corneal oedema has shown to be beneficial for corneal 
transplantation outcome, which can affect the timing of surgery.100  
 
The decreasing probability of corneal transplantation with increasing age, at least 
in the upper range, can be due to selection bias. The patient must want to go 
through the surgery with all it entails. The chance to benefit from the corneal 
transplantation is important along with the ability to go through the surgery and 
its postoperative regime. 
 
By studying an extensive cohort of cataract patients, the impact of corneal guttata 
could be studied in detail with great success and add knowledge and aid in 
planning the treatment for patients with FECD. The group with corneal guttata 
as a whole, ranging from discrete asymptomatic cases to severe progressive 
FECD, benefit from cataract surgery when cataract is present. This does not apply 
to everyone with corneal guttata on an individual level, and it is essential to 
inform patients before planning cataract surgery of their increased risk. Corneal 
guttata involves an increased risk of inferior results in visual acuity and self-
assessed visual function after cataract surgery in comparison to patients without 
corneal guttata, and further surgery might be needed to treat the visual 
impairment. The probability that cataract surgery is sufficient in severe FECD is 



 

 

reasonably lower than in mild FECD, assuming similar cataract. Still, most 
corneal guttata patients do not undergo corneal transplantation. It is advisable to 
start with cataract surgery before planning corneal transplantation in most cases, 
as it is a more accessible and less complicated surgery in many ways. 

Complicated cataract surgery 
A discussion during the mid-term seminar for these PhD studies, rose a question 
about how the results of Study III would be affected if the cataract surgery was 
complicated. This issue was approached in Study IV, a suitable final study of this 
thesis, with the hypothesis that complicated or challenging surgery would have a 
synergistically negative effect on the results in the corneal guttata group. 
Surprisingly, no synergistic effect was detected. Instead, both separately and 
together, dense cataract (TB) and posterior capsule rupture had an association 
with corneal transplantation independent of corneal guttata, and are possible risk 
factors for pseudophakic bullous keratopathy (PBK).  
 
It must be said that a causal relation between TB or posterior capsule rupture and 
endothelial damage cannot be established with the methods used in the current 
thesis. Reduced TB usage is not considered to decrease the risk of PBK. Instead, 
TB is interpreted as a pseudo marker for dense cataract with increased 
phacoemulsification time and energy as a consequence. Of course, a dense lens 
can occur in cataract surgery with increased phacoemulsification energy without 
the use of TB. It would affect the study result with the current method, probably 
by diluting the corneal impact of a dense lens in cataract surgery. Posterior 
capsule rupture at any stage of the surgery does probably not automatically result 
in considerable endothelial damage. The connection between the anterior and 
posterior segment of the eye, which a posterior capsule rupture brings, is a known 
gateway to other complications. Study IV contributes to the knowledge of corneal 
effects in challenging cataract surgery in both patients with and without corneal 
guttata.   
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Conclusions and clinical significance  
This thesis adds knowledge on the genetic background for FECD, especially in 
Swedish cases, in which the disease has not been genetically described before. 
FECD in this cohort is associated with (CTG)n expansion in the TCF4 gene to a 
large extent. In addition, the severity of the disease correlates with this genetic 
finding as the severe cases had longer repeat lengths than the milder forms.  
 
This insight could be used before cataract surgery when trying to assess which 
FECD cases that might benefit from cataract surgery without the need of corneal 
transplantation. Moreover, a TCF4 test could be a valuable tool allowing 
ophthalmologists to establish whether corneal oedema is a sign of FECD in the 
unclear cases. This is important in the view of the fact that corneal oedema might 
have other causes, even environmental, and to know the exact molecular and 
genetic cause is a prerequisite for understanding the disease mechanisms.  
 
In the future, the goal would be to find novel specific therapies based on the 
genotype, attacking the disease itself and not only the symptoms. Further 
research is planned within the project, and well underway, to study the disease 
mechanism in regard to the repeat expansion and FECD phenotype. Increased 
knowledge of the genetic aetiology could explain the pathophysiology causing the 
clinical manifestation of corneal dystrophies, like FECD, and also contribute to a 
better classification of the corneal dystrophies.21  
 
Our studies also show that, despite the increased risk, most patients with corneal 
guttata/FECD and parallel symptomatic cataract benefit from cataract surgery. 
Other studies have also indicated this, but we show it with a larger sample size of 
real-world data and coupled with the risk of needing corneal transplantation. The 
higher number of corneal transplantations after cataract surgery in patients with 
FECD is not surprising, as FECD is the most common indication of corneal 
transplantation. Still, the majority of cases with corneal guttata do not undergo 
corneal transplantation after cataract surgery. 
 
Our studies suggest, in cases with concomitant cataract and corneal guttata, to 
start with cataract surgery, as many patients get good visual acuity and visual 
function without further surgery. To limit the risk for corneal decompensation 
after cataract surgery, we also advise performing cataract surgery when a 
symptomatic cataract is present but before it becomes hazardly dense. 
Additionally, available measures to minimise the posterior capsule rupture risk is 
recommended.  
 



 

 

The best possible knowledge regarding expected results and risks of medical and 
surgical treatment is fundamental for a physician. When science is lacking the 
physician needs to lean on best practice. The physician's risk analysis influences 
whether the individual patient receives the best available care or not. This thesis 
contributes to a better foundation in the risk analysis for each patient, for whom 
the risk of inferior results and a possible need for further surgery after cataract 
surgery need to be taken into account.  
 
This information is important for the patient, to prepare for possible treatment 
results and to be able to make a well-founded decision, especially when the 
decision might involve a pronounced risk of the need for following corneal 
transplantation with a much more complicated postoperative regimen. 
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Future research 
In line with the intriguing finding of TCF4 negative FECD cases, we plan further 
studies searching for novel genetic mechanisms of FECD in Northern Sweden. 
Still, with the possibility that environmental factors like ocular surgery trigger 
these cases. 
 
Further research of the disease mechanism behind the TCF4 expansion and 
FECD has already begun. Endothelial cells and blood samples from FECD 
patients undergoing DSAEK are studied with focus on DNA methylation. The 
hypothesis is that hyper- or hypomethylation of the DNA in corneal endothelial 
cells in FECD alter expression of proteins necessary for stabile cell functioning in 
the cornea.  
 
More studies regarding the disease mechanism in FECD are warranted. In basic 
science, an interesting question is whether a (CTG)n expansion in TCF4 affects 
epithelial-mesenchymal transition (EMT) forcing corneal cells to an increased 
synthesis and deposition of extracellular matrix.  
 
One of the reasons for a failed corneal transplantation is primary graft failure. In 
primary graft failure the diseased cornea never becomes transparent after the 
surgery, despite rigorous controls of the transplanted corneal tissue in the corneal 
bank beforehand. Could there be an association between TCF4 repeat expansion 
in these donor corneas explaining the failure? With this in mind, we have started 
collecting failed transplants at surgery to study, on a tissue-level, whether there 
is a link between (CTG)n repeat expansion in the graft and failure in corneal 
transplantation. 
 
A study with a similar structure as Studies II and III in this thesis, but with graded 
FECD, would help assess the risk of cataract surgery in patients with corneal 
guttata in a more individualised way. An obvious challenge is to recruit a sample 
size as large as in these registry-based studies.  
 
Today, the endothelial lamellar technique of corneal transplantation is 
predominant in both bullous keratopathy and FECD. Different clinics and 
different surgeons prefer DSAEK or DMEK and emphasise the benefits of the 
respective technique, “in their hands”. It has been argued that DSAEK is used in 
the more severe cases, why a direct comparison might be unfair. So, which 
lamellar technique has actually the best results, when taking preoperative 
difference in specific cases into account? To bring light on this issue, we are 
planning for another registry-based study. 
 



 

 

Study I showed, that severe forms of FECD are associated with a longer (CTG)n 
repeat expansion in TCF4. A fusion and further development of this thesis’ 
different studies could be scientifically rewarding. Does a (CTG)n repeat 
expansion in TCF4 impact cataract surgery results in patients with FECD? A 
possible goal is the development of a genetic test, maybe a swab test, in cases that 
are difficult to evaluate. 
 
Studies II-IV contribute to the risk assessment prior to cataract surgery, but the 
results might be even more pedagogical and clearer in an interactive application. 
The development of a web-based tool for predicting cataract surgery results for 
various patient groups could make the results of the studies more accessible in a 
clinical context. 
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Epilogue 
Starting doctoral studies simultaneously as being a parent of young children, 
renovating a house in need, doing the residency in ophthalmology and having 
surgical training is perhaps not a combination to generally recommend. Of 
course, it has been stressful at times with multiple demands at once. Still, these 
years of research have been incredibly rewarding and joyful. It has been a 
valuable contrast to the many short meetings and numerous of decisions an 
ophthalmologist make every day. The opportunity to concentrate on and 
thoroughly work with a narrower issue in periods has been satisfying. 
 
The research has been a bit like sailing. I have never sailed and apologise in 
advance if the parable is weak. Sometimes the ship cuts the water with ease. Other 
times it is more demanding and takes harder work to get ahead. In Swedish, the 
word for work (jobb) is similar to the word for wearisome or tiring (jobbigt), as a 
hint that hard work often is exhausting. My wife, Johanna, giggled when I had a 
revelation a couple of years ago. We were running up a hill with difficulty. In the 
struggle, I realised the obvious. Hard work is the core of training, and in my 
defence, an obvious revelation is also a revelation. Nevertheless, the doctoral 
studies have been very gratifying. I have longed for the scheduled periods of 
research and statistical programming. A few summers ago, at a neighbourhood 
barbecue, the grown-ups had a conversation about alternative dream careers. It 
was a group with different professions, and many longed for more a creative and 
free work. As did I, but was met with surprise, as working with statistics was at 
the far bottom of the others’ list. I enjoy my career as a physician and surgeon but 
have appreciated the variation and creative work with programming, graphs and 
figures the research studies have entailed. It is a rewarding challenge to present 
complex facts and results in an accessible way. 
 
The writing process has also been educative and fulfilling in a surprising way. I 
have learned to read and write in a better way, both scientifically and in general. 
In previous educations, I have done the tasks, submitted and moved on. The 
process of writing the articles in this thesis has been entirely different. It started 
with me writing a manuscript to the best of my ability. The draft was then sent 
back and forth 10-20 times with gradual improvement and refinement, first with 
my supervisor Berit Byström and then with the co-authors. Further adjustments 
were made in the publication process with several reviews and final proofreading. 
The process takes a lot of time and effort but has been incredibly educational. 
Feedback and suggestions for improvement from someone with the project’s best 
in mind are invaluable. It sheds light on flaws and gaps in the work and gives 
improvement opportunities. A surrounding with both your own and the project’s 
best in mind is essential, which I, fortunately, have had. 
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Appendix 

Core registry form, NCR 

 

Formulär 1 
Basregistret för 2013 års 
kataraktoperationer 
 
1. Kliniknummer 
 
2. Personnummer (12 siffror) 
 
 
 
3. Öga som ska opereras 
 
 Höger Vänster 
 
4. Preoperativ synskärpa  
    med bästa korrektion (ej stp hål)  
    Synskärpa <0,1 = 0,1 
 
 Höger öga , 
 
 Vänster öga , 
 
5. Tidigare op. för katarakt 
 
 Ja Nej 
 
 
6. Uppsättning på väntelistan 
 
 
 år månad dag 
 
 
7. Operationsdatum  
 
 
  
 år månad dag 
 
8. Föreligger någon av följande 

tillstånd i operationsögat? 
 Om Ja - markera ett/flera 

 
Glaukom 

Makuladegeneration 

Diabetesretinopati 

Cornea Guttata 

 Pseudoexfoliation 

Annat synhotande  

 
9. Indikationsgrupp ( 1-4 ) 
(ej grupperad enl. NIKE: 0) 
 

10. Indikation för operation 
Markera ett/flera 

 Synnedsättning 

 Anisometropi 

 Annan synstörning 

 Förhöjt tryck 

 Annat 

 
11. Operationstyp 
 
 Fako+BKL 
 Annan 
 
12. Linsmaterial (markera bara en typ) 
 
 Acryl hydrofob 

 Acryl hydrofil 

 Annan 

Ingen lins   
 

13. Särskilda linsegenskaper ett/flera 
Gulfärgad lins 

Multifokal lins 

Torisk lins 
 
14. Peroperativa svårigheter 
 Om Ja - markera ett/flera  

 Mekaniskt vidgad pupill 

 Kapselfärgning 

 Hakar i Rexiskanten 

 Kapselring inlagd 

15. Antibiotika intrakameralt? 
      markera ett/ flera 

 Zinacef 

 Doktacillin 

 Vigamox 

 Annat 

 Nej 
 
16. Peroperativ skada på bakre 
      kapsel eller zonulae 
 
 Nej  

Ja 
 
  Sign av kirurg________________
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Outcome registry form, NCR 

 
  

Formulär 2A 
2013 års kataraktregistrering Namn: 

Uppföljningsformulär Adress: 

Nationella Kataraktregistret Postadress: 

1. Kliniknummer 
  

2. Öga Höger 
 

Vänster 
 

 

3. Personnummer 
   

4. Preoperativa K-värden  8. Linsformel markera en eller flera 

K1 
,  i ° SRK/T  

K2 
,  i ° Haigis  

5. Planerad refraktion   +/-  ,  Hoffer Q  

6. Preoperativt IOP                Holladay  

7. Axellängd operationsögat .  mm Annat  

      Formulär 2B 
Efterkontroller pågår  

 
Patient medverkan 
otillräcklig  

Patienten avliden 
 

Slutkontroll: Datum då medicinsk kontroll ej längre behövs och glasögon kan 
föreskrivas. 

1. Datum 
   

2. Visus på aktuellt öga  
,  Med refraktion  

  i ° 

   Sf. Cyl.    grader 
3. Visus andra ögat 

,  Med refraktion 
  i ° 

  Sf. Cyl.  grader 

4. Postoperativt IOP 
 

  

5. Föreligger någon av följande tillstånd i OP-ögat? Om Ja markera ett eller flera 

Glaukom 
 

 

Makuladegeneration 
 

 

Diabetesretinopati 
 

 

Cornea Guttata 
 

Ansvarig läkare för slutkontroll 

Pseudoexfoliationer 
 

 

Annat synhotande 
 

sign 

 
 



 

 

Catquest-9SF questionnaire, NCR 

 
 

A. Upplever Du att Din nuvarande synförmåga på något sätt ger Dig 
besvär i det dagliga livet? 
 

Ja, mycket Ja, stora Ja, vissa Nej, inga Kan inte ta 
stora besvär besvär besvär besvär ställning 

 
__________________________________________________________ 
 
B. Är Du nöjd eller missnöjd med Din nuvarande synförmåga? 
 

Mycket Ganska Ganska Mycket Kan inte ta 
missnöjd missnöjd nöjd nöjd ställning 

 
__________________________________________________________ 
 

C. Har Du på grund av Din synförmåga besvär med följande aktiviteter?  

Om så är fallet, hur mycket? Sätt enbart ett kryss på varje rad och 
i den ruta som Du tycker bäst stämmer med verkligheten. 

 
 Ja, mycket Ja, stora Ja, vissa Nej, inga Kan inte ta 
 stora besvär besvär besvär besvär ta ställning 
Läsa texten i 
dagstidning 
 
Känna igen 
ansikten på 
dem Du möter 
 
Se priset på varor 
när Du handlar 
 
Se att gå på ojämn 
mark, t ex skogsstig 
 
Se att handarbeta, 
slöjda el liknande 
 
 
Läsa text på TV 
 
Se att ägna Dig åt 
en aktivitet/hobby 
som Du är intresse- 
rad av 
 

 
Hjärtligt tack för Din medverkan! 
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Operation form, SCTR 

 
  

Operation Form 2017 Corneal Transplant Register 

Identity Patient 

Personnummer* (YYYYMMDD-XXXX) Year of Birth*  

−  Operated eye*  Right  Left  

Operation year*    Previous graft in fellow eye*  Yes    No 

Number*    Gender*   Female  Male  

Preop Status       

Indication* (choose one alternative)  If “Keratoconus”, previous 

 Keratoconus     Regraft crosslinking in this eye?   Yes  No 

 Primary endothelial failure  HSV infection  Primary reason for transplant* (choose one alternative) 

 Secondary endothelial failure   Trauma  Improve vision  Pain 

 Stromal dystrophy   Unknown  Tectonic  Other 

 Scar after non-herpetic infection   Lens* (choose one alternative)  

Other, please specify:  Phakic  Pseudophakic  Aphakic 

Risk factors*     Yes     No 

If ”Yes”, please specify (multiple choices are possible): 

 Inflammation Vascularisation Glaucoma 

Other, please specify: 

 

 

Operation 

If Regraft, specify  
If regraft, check that the follow up for the previous graft has      Visual acuity (preferred correction) 
been completed, even if less than two years since the original 
graft.   
Number of previous grafts in this eye (1-9)  

Original indication (choose one alternative) 

 Keratoconus  Regraft 

 Primary endothelial failure  HSV infection 

 Secondary endothelial failure  Trauma 

 Stromal dystrophy  Unknown 

 Scar after non-herpetic infection 

 Other, please specify:  

Operation date (YYYY-MM-DD) Number  

− −   
Operation year Clinic:  

 

Visual acuity (preferred correction) 

Operated eye*  Unable to measure 

 A  P  PL  HM  CF 

 0,1  0,2  0,3  0,4  0,5 

 0,6  0,7  0,8  0,9  1,0 

 1,1  1,2  1,3  1,4  1,5 

Fellow eye*  Unable to measure 

 A  P  PL  HM  CF 

 0,1  0,2  0,3  0,4  0,5 

 0,6  0,7  0,8  0,9  1,0 

 1,1  1,2  1,3  1,4  1,5 

   

Date listed for operation* (YYYY-MM-DD) 

− −  

Eye bank* 

 Göteborg  Örebro   Lund 

 Stockholm  Aarhus  TBI 

 Linköping  Umeå 

 Other, please specify: 

Eye bank graft number 

 
Donor gender    Female  Male 

Donor age    

Endothelial cell density:   

Operation date* (YYYY-MM-DD) 

− −   

Operation type* 

 PKP  Anterior lamellar 

 DSAEK  DMEK 

 Other, please specify: 

Other surgical procedures* 

 None  Cataract extraction + IOL 

 Other, please specify: 

Surgical complications*  Yes   No 

If “Yes”, please specify:  



 

 

Follow-up form, SCTR 

 

Follow up Form 2017 Corneal Transplant Register 

Identity Follow up 

Personnummer* (YYYYMMDD-XXXX) Date of follow up visit* (YYYY-MM-DD) 

−  − −  

Operation year*  Patient available for follow up* 

Number*   Yes  No 

Operated eye*  Right  Left If “No”, please specify why  
     Moved  Deceased  Declined 

   If “No”, then finish here, SIGN 

Follow up about 2 years post op 

Is the graft still functioning?  Yes  No 

 
 

Visual acuity (best corrected)  

Endothelial cell density:  

Has any of the following occurred since the 

operation?*  Yes  No  

If Yes, specify (Multiple choices are possible) 

 Rejection  Loose/broken suture 

 Glaucoma  Cataract surgery 

 Elevated IOP   Infection in the graft 

 Rebubbling   

 Recurrence of original disease    

 Other, please specify 
 

Are all sutures removed?  

 Yes  No  NA 
 

Continued steroids?  Yes  No 

If “NO”, please note: 

Approximate date of failure (YYYY-MM) 

−  

Specify the cause of failure (choose one alternative) 

 Primary graft failure  Failed endothelium 

 Irreversible rejection  Astigmatism 

 Infection  Unknown 

 Recurrence of original disease 

 Other, please specify 

 

If the graft has failed, has a regraft been 

performed?  Yes   No 

Fellow eye*  Unable to measure 

 A  P  PL  HM  CF 

 0,1  0,2  0,3  0,4  0,5 

 0,6  0,7  0,8  0,9  1,0 

 1,1  1,2  1,3  1,4  1,5 

Refraction Fellow eye 

 Uncorrected  

±Sphere  ±cylinder  degrees 

,  ,   

Operated eye*  Unable to measure 

 A  P  PL  HM  CF 

 0,1  0,2  0,3  0,4  0,5 

 0,6  0,7  0,8  0,9  1,0 

 1,1  1,2  1,3  1,4  1,5 

Refraction Operated eye  

 Uncorrected   

±Sphere ±cylinder  degrees 

,  ,   

Refraction used: 

 Spectacles   Contact lenses   None 

 

Keratometry (Javal), operated eye*  
±cylinder degrees 

,     
 Unable to measure 

 
Other sight-hindering disease?*  Yes  No 

Refractive surgery performed after suture 
removal?*  Yes  No 
 

If Yes, please note: 
Keratometry (Javal) before refractive surgery 
±cylinder degrees 

,    
 Unable to measure 

 

Procedure (Both alternatives can be chosen) 

 Relaxing incisions   Other, please specify 


