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Abstract: Persistent fetal vasculature (PFV), previously known as persistent hyperplastic 
primary vitreous, is a developmental malformation of the eyes that is caused by a failure of 
the hyaloid vasculature to regress in utero. PFV has been reported for decades; however, our 
understanding of the pathophysiology/pathogenesis of PFV, and the diagnostic and treatment 
modalities for PFV have evolved over time, and these advancements have improved diag
nosis, treatment, and outcomes. However and in spite of these advancements, the hetero
geneity of this disease continues to make PFV a diagnostic challenge. Here, we review what 
is currently known about various important aspects of PFV to update and enhance the 
knowledge of ophthalmologists who encounter and manage PFV in clinical practice. 
Keywords: diagnostic and management strategies, persistent fetal vasculature, PFV, current 
insights

Introduction
Persistent fetal vasculature (PFV), previously referred to as persistent hyperplastic 
primary vitreous (PHPV), is a developmental malformation of the eyes that is 
caused by a failure of the hyaloid vasculature to regress. The vascular remnant 
connects between the optic nerve head posteriorly to anterior ocular structures, such 
as the lens and ciliary process, and it manifests variably among patients, including 
anterior, posterior, and combined types.1,2 The heterogeneity of this disease makes 
diagnosis challenging. Even though PFV has been investigated and described for 
decades, our understanding of the pathophysiology/pathogenesis of PFV, and the 
diagnostic and treatment modalities for PFV have evolved over time, and these 
improvements have enhanced the accuracy of diagnosis, treatments, and patient 
outcomes. The aim of this review was to present the currently available information 
and evidence specific to various important aspects of PFV with the intent of 
bringing ophthalmologists up-to-date relative to the diagnosis and treatment of PFV.

Genetics
The majority of cases of PFV occur sporadically; however, some other patterns of 
inheritance have also been reported, such as autosomal recessive form in cases with 
ATOH7 gene mutation on chromosome 10q21.3.3,4 A dominant pattern of inheritance 
in PFV was also described in an Egyptian family.5 NDP gene and COX15 gene 
mutations on chromosome 10 were also reported in bilateral PFV cases.6–9 Apart 
from the aforementioned genes, the ZNF408 gene, which was previously found in 
autosomal recessive retinitis pigmentosa and autosomal dominant familial exudative 
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vitreoretinopathy (ADFEVR), was also described in PFV 
cases with microcornea, posterior megalolenticonus, persis
tent fetal vasculature, and coloboma syndrome (MPPC 
syndrome).10 FZD4 (Frizzled class receptor 4), which is 
a gene related to familial exudative vitreoretinopathy 
(FEVR), was also found to be related to some PFV 
cases.11 However, in bilateral cases of PFV with cardiovas
cular and central nervous system abnormalities, Trisomy 13 
(Patau syndrome) should be suspected and ruled out.12 

Consultation with an ocular geneticist is recommended in 
cases of bilateral PFV to rule out other ocular or systemic 
associations, as well as for genetic counselling relative to 
future offspring in complex patients.9

Pathophysiology of PFV
In an embryo, the formation of vessels starts as early as the 
third week of gestation. During this period, hyaloid artery 
systems begin to develop and grow to the anterior part of the 
eye forming the iridohyaloid or capsulopupillary artery. The 
anastomosis of vessels at the back of the developing lens, 
which is called posterior tunica vasculosa lentis, starts and 
nourishes the lens during this stage of its development.1,2,13 In 
the second trimester of pregnancy, secondary vitreous starts 
to form in the place of primary vitreous. Then, regression of 
the hyaloidal artery followed by vasa hyaloidal propria, iri
dohyaloid, and tunica vasculosa lentis occurs via apoptosis or 
macrophage activation.14 This mechanism leads to the nor
mal formation of other ocular structures. A failure of this 
vasculature to regress leads to the clinical spectrum of PFV.2

A number of mechanisms have been proposed to influ
ence the regression of vasculature with the help of genes 
and growth factors. Multiple recent animal studies 
reported the involvement of various signaling pathways 
in the pathogenesis of PFV, including protooncogene ski, 
p53, tumor suppressor gene Arf, ephrin-B2, LRP5, ang-2, 
Bax and Bak, FZD4, and ephrin-A5.15–21 Abnormalities of 
neogenin receptor, a transmembrane receptor that is a part 
of normal neurogenesis, can cause the same pathologic 
findings found in PFV, such as elevated retrolental mass, 
unclosed retinal fissure in embryo, and microphthalmia.22 

However, the role of these signaling pathways relative to 
PFV formation has not yet been defined.

Clinical Presentations and Diagnosis 
of PFV
PFV has various clinical spectrums depending on the 
location of the vasculature remnants that persist. 

Anterior PFV can present with shallow anterior cham
ber, engorged iris vessels, retrolental membrane, catar
act, and/or elongation of ciliary process. The 
membranous formation behind the lens can cause trac
tional force over the ciliary process resulting in 
decreased aqueous humor production and eventual ocu
lar hypotony. In posterior PFV, the phenotype of hyaloi
dal stalk connecting between the optic nerve head and 
the back surface of the lens is the main clinical 
finding.2,23 The other manifestations include vitreous 
traction, epiretinal membrane, and optic nerve hypopla
sia. Combined PFV comprises the clinical features of 
both anterior and posterior PFV. Tractional force from 
the entry of vitreous over the peripheral retina can cause 
retinal fold, retinal dysplasia, and retinal detachment 
(either tractional or rhegmatogenous type) in posterior 
and combined PFV. Microphthalmia can be found in any 
type of PFV, and it is associated with poor visual out
come even with appropriate treatment.23–25

Most PFV patients are unilateral, and less than 10% of 
cases have bilateral involvement.2,26 In bilateral cases, 
combined PFV is the major type found, and these patients 
tend to have more severe retinal involvement compared to 
unilateral cases.1,2 The syndrome of bilateral microcornea, 
posterior megalolenticonus, persistent fetal vasculature, 
and chorioretinal coloboma (MPPC syndrome) was 
reported in a group of patients.27–30 The PFV found in 
this syndrome were all bilateral cases with asymmetrical 
presentation between eyes.

Various systemic associations and syndromes have 
been reported, including (1) genetic disorders, such as 
Walker-Warburg syndrome,25 Dandy-Walker syndrome, 
trisomy 13, Norrie disease, Angelman syndrome, and 
incontinentia pigmenti;1,2 (2) perinatal infections, such as 
congenital cytomegalovirus infection and congenital 
rubella;25,31 (3) metabolic diseases, such as glucose 
6-phosphate dehydrogenase deficiency;31 and, (4) maternal 
cocaine use during pregnancy.25

Ocular Investigations for PFV
More advanced instruments have been developed and 
introduced that have improved diagnosis of PFV, and that 
have enhanced our ability to predict the outcome of treat
ment, which facilitates better preoperative counselling to 
the family. These new investigations have yielded new 
ocular findings that we understand, and that improve diag
nosis, treatment, and prognosis.
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Hand-Held Fundus Photography and 
Intravenous Fluorescein Angiography
Hand-held fundus photography can demonstrate the 
extent of the area of avascular retina, and it can be 
used as an adjunct investigation for more precise treat
ment and treatment planning. These photographs also 
benefit family counselling, and they have comparative 
benefit during follow-up. The anterior focus of handheld 
fundus photography can outline angle abnormalities, 
which can be useful for glaucoma risk assessment dur
ing long-term follow-up. Fluorescein angiography can 
accurately delineate the extent of avascular area, which 
might not be apparent on clinical examination or fundus 
photographs. The information obtained can be 
advantageous for laser photocoagulation under the gui
dance of angiography. In atypical cases, intravenous 
fluorescein angiography can be used to make the correct 
diagnosis.32,33 For example, avascular retinal area 
detected by fluorescein angiography in the fellow 
eye indicates a diagnosis of familial exudative 
vitreoretinopathy.34

Furthermore, the use of intravenous fluorescein 
angiography can define the boundary of patent vessels 
within the vascular stalk in posterior or combined PFV. 
This evidence is beneficial for diagnosis and surgical 
planning with the aim of avoiding retinal trauma 
during the operation (Figure 1). Fluorescein angiogra
phy can also be used to assess the foveal anatomy, 
which is an important factor for postoperative visual 
prognosis.35

Ultra-Wide Field Photography and 
Ultra-Wide Field Fluorescein Angiography
Ultra-wide field photography (UWFP) can capture the 
peripheral retina up to 200 degrees temporally and nasally 
without pupil dilation, which facilitates assessment for 
peripheral retina. This imaging technique is particularly 
useful in patients who can only be cooperative for a short 
time, such as children, because it consumes less time than 
conventional fundus photography. Although a diagnosis of 
PFV is not dependent on the peripheral retina, the benefit 
of peripheral retina assessment is for differential diagnosis 
in atypical cases.34 In addition, ultra-wide field fluorescein 
angiography (UWFA) can be taken with the use of oral 
fluorescein, which was reported to be a convenient method 
in pediatric patients.36,37

Ultrasonography
Ultrasonography is a crucial investigation for evaluating 
the posterior segment of eyes that have media opacity, 
such as cataract or retrolental membrane. The benefit of 
ultrasonography is not only assessing the extent of PFV 
pathology, but it can also be used to detect abnormal 
calcification or intraocular mass that would be obscured 
by the opacity. Importantly, the detection of intraocular 
calcification within a mass should heighten suspicion for 
retinoblastoma, and further investigations are needed to 
accurately determine the type of mass and its 
etiology.38,39 It should also be considered that ultrasono
graphy is an operator-dependent procedure, so intra- and 
inter-operator variability occur. A very thin hyaloidal stalk 
can be missed in very small eyes and be discovered 
intraoperatively without appropriate preoperative 
preparation.40 Caution should be exercised before deciding 
whether the surgery should be performed by a pediatric 
cataract surgeon or a pediatric retina specialist. 
Concerning visual potential evaluation, A-scan ultrasono
graphy can be used to measure axial length. If the axial 
length is less than 15 mm in PFV eyes or 3.5 mm or more 
disparity between eyes, the visual outcome is rarely better 
than light perception in the smaller eye even after surgical 
intervention.31

Optical Coherence Tomography (OCT) 
and Handheld OCT
OCT is capable of assessing microstructural changes in 
retinal layers that were found to be associated with visual 
prognosis.41 The reported characteristics of PFV from 

Figure 1 A photograph of intravenous fluorescein angiography of a posterior PFV 
patient showing the patency of the hyaloidal artery within the stalk.
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OCT included posterior hyaloidal organization, peripapil
lary vitreoretinal traction, loss of fovea umbo, foveal trac
tion, and disruption of ellipsoid zone.42 Presence of 
posterior hyaloidal organization, loss of fovea umbo 
(Figure 2), or disruption of ellipsoid zone were factors 
reported to be significantly associated with poor vision in 
PFV patients.42 Handheld OCT is now commercially 
available, which facilitates examination of the macular 
anatomy in very young and non-cooperative children. 
The information derived from OCT is useful for planning 
and counselling of family members before advancing the 
patient to any interventions.

Newer Investigations
Optical Coherence Tomography 
Angiography (OCTA)
A noninvasive technology to detect intraluminal flow 
might be helpful for assessing the patency of persistent 
vessels, which is the primary pathology found in PFV. 
Vitreous hemorrhage was reported in a case of posterior 
PFV whose OCTA demonstrated blood flow in 
Bergmeister’s papilla.43 OCTA may be useful in some 
patients for confirming the diagnosis and for further 
management.43

Intraoperative Optical Coherence 
Tomography (Intraoperative OCT)
Intraoperative OCT can be used to examine the integrity of 
the posterior lens surface or change in the retinal layers. 
This modality can investigate the structural change asso
ciated with the pathology in real-time, which facilitates 

intraoperative planning. For example, a PFV patient with 
attachment of the hyaloidal stalk to the posterior lens sur
face that is identified on intraoperative OCT might need 
lensectomy during the same procedure (Figure 3). 
Intraoperative OCT is also valuable for assessing the 
macular anatomy in the same manner as OCT, but it is 
performed during the intervention, which can make pre
diction of the postoperative visual outcome more precise. 
Moreover, overlying pathology appearing on the retinal 
surface, such as epiretinal membrane or vitreoretinal trac
tion that requires membrane peeling, can be managed 
more confidently with the use of intraoperative OCT 
(Figure 4).

PFV Management
In cases with opacity obscuring the visual axis, surgery is 
usually indicated. In contrast, cases without media opacity 
or that have normal visual axis rarely require surgical 
intervention (Figure 5). The indication for intervention 
mainly depends on the pathological involvement in indi
vidual patients. Therefore, before deciding upon 
a treatment, complete ocular details must be obtained 
from all appropriate investigations. The goals of treatment 
in PFV include (1) vision improvement via mitigation of 
the visual axis disturbance; (2) reduction of associated 
complication, such as retinal detachment and glaucoma; 
(3) globe preservation in advanced cases; and, (4) good 
cosmetic appearance.

There is no definite indication for surgical intervention 
in PFV due to the clinical heterogeneity among PFV 
patients. An intervention might not be needed in 
a unilateral case without visual axis obscuration and 

Figure 2 A handheld OCT image of a posterior PFV patient. (A) A scanning line on the center of macula in a PFV eye was demonstrated. (B) There was no foveal umbo 
identified within the entire macular area of this patient..
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disease progression. Similarly, surgery might not be 
a good option in cases with advanced pathology, such as 
severe optic nerve hypoplasia, severe retinal detachment, 

or microphthalmia, because postoperative vision is often 
poor in these cases.25 Surgical intervention on these eyes 
might increase the risk of postoperative complications. 

Figure 3 Intraoperative OCT images in a combined PFV patient. (A) the OCT image was focused on the posterior surface of the lens. (B) the adherence of the stalk to the 
posterior lens capsule was demonstrated.

Figure 4 (A) A raster scan of the intraoperative OCT on the macula showing the preretinal and intraretinal structures in real-time. (B) The absence of normal foveal 
anatomy was demonstrated in this figure.
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The common indications for surgical intervention include 
significant media opacities from cataract or retrolental 
membrane, progressive shallowing of that anterior cham
ber caused by cataract, uncontrolled glaucoma or second
ary ocular hypotony from ciliary process pulling, vitreous 
hemorrhage, and retinal detachment following vitreoretinal 
traction.2,44

If surgery is indicated, the sooner the surgery is per
formed, the better the outcome will be for the patient.25,45 

Delay in surgical treatment will increase the risk of PFV- 
related complications and postoperative deprivational 
amblyopia.46 Moreover, surgical delay will lead to no 
improvement in retinal fold, vitreomacular traction, and 
tractional retinal detachment if glial cells and the fibrovas
cular remnant are left to mature before intraocular opera
tions are performed.47,48 Improvement in retinal fold was 
reported in children who were operated upon prior to the 
age of 13 months.48 Finally, the earlier that surgery is 
performed, the earlier that visual rehabilitation can start.

Surgical Management
Once the patient is under general anesthesia, a comprehensive 
ocular examination should be repeated to obtain up-to-the- 
moment information. Ocular investigations, such as ocular 
ultrasonography or fluorescein angiography, can be repeated 
to comprehensively identify abnormalities within the eye(s), 
and can be used to determine the most appropriate surgical 
technique.

The two main surgical incision alternatives that can be 
performed are the limbal and pars plicata incisions 
depending on ocular pathology and surgeon preference. 
The limbal incision has the benefit of avoiding interruption 
of the vitreous base and the centrally pulled peripheral 

retina.25,49 Therefore, the risk of iatrogenic complications 
to the peripheral retina can be minimized. In cases with 
maldevelopment of the pars plana, especially in micro
phthalmic eyes, the limbal incision is generally preferred. 
The pars plicata or posterior approach is similar to con
ventional sclerotomies used in adults, but with different 
distance for placing sclerotomies. This technique can facil
itate early excision of the hyaloidal stalk; thus, reducing 
manipulation of the pulled retina at the back and decreas
ing the risk of retinal breaks.40 Furthermore, the anterior 
chamber and sometimes the crystalline lens are left 
untouched, which permits better visualization during 
vitrectomy. Posterior approach is superior to limbal inci
sion in cases where the lens can be preserved (ie, lens- 
sparing vitrectomy).50 The location of sclerotomy varies 
from 0.5 to 2 mm from the limbus depending on patient 
age and severity of microphthalmia. Age-based sclerotomy 
placement can be used as a guide for placing safe 
sclerotomies.51 However, that guideline was developed 
from anatomically normal eyes, which could be different 
from PFV eyes.

In our experience, a limbal approach is preferred by 
making the incision using trocars through the limbus 
(Figure 6A). Viscoelastic is then injected to deepen and 
stabilize the anterior chamber. The lens is then removed 
via aspiration within the capsular bag to avoid unnecessary 
traction on the vitreous base. Next, the posterior capsule is 
cut circularly around the location where the hyaloidal stalk 
is inserted. After release of the stalk, a complete vitrect
omy is then performed so it falls back independently 
(Figure 6B). It is crucial to note the presence of retinal 
tissue within the stalk, so that unnecessary damage can be 
avoided that could lead to rhegmatogenous retinal 

Figure 5 Anterior segment photographs of a 4-year-old boy with (A) mild eccentric cataract and (B) without visual axis involvement. Generally, surgical intervention is not 
indicated in such cases.
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detachment. An air-fluid exchange is performed to move 
the stalk away from the macula. Then, the patient should 
be positioned accordingly. Intraocular lens implantation in 
these PFV cases is not recommended at the time of sur
gery. Surgeons can leave the anterior capsule for place
ment of an intraocular lens in the future in eyes with some 
visual potential. We usually inject sub-tenon’s steroid and 
subconjunctival antibiotics at the end of the procedure. 
Topical antibiotic eye drops, topical steroid eye drops, 
and cycloplegics are prescribed postoperatively.

Intraocular lens implantation may be employed later in 
the sulcus by leaving the anterior capsule when doing 
lensectomy during the first surgery. However, leaving the 
anterior capsule could lead to a higher likelihood of poster
ior synechiae. Therefore, in such cases, cycloplegic eye 
drops need to be instilled properly. The rate of reoperation 
and visual axis opacification in these patients following 
surgery was as high as 60% if the vitreous and retrolental 
membranes were not completely removed.52,53 Therefore, 
the vitreous and retrolental membranes need to be com
pletely excised in these cases, especially in cases with 
ciliary body elongation if the anterior capsule is planned 
to be left for future intraocular lens implantation.

Special Advancements in PFV Surgery
Intraoperative Optical Coherence Tomography 
(Intraoperative OCT)
The use of intraoperative OCT provides real-time benefit 
during the surgical procedure. In anterior and combined 
PFV, it can be used to evaluate posterior capsule integrity, 
which will help to determine whether sacrifice of the lens 
is required or not. It also helps to assess the macular 
anatomy during surgery for the presence of the preretinal 
membrane or vitreomacular traction, both of which require 
peeling. Intraoperative OCT can also be used to evaluate 

visual potential by assessing for the presence of normal 
foveal anatomy.

Special Vitrectomy Platforms
Short instruments and smaller gauge vitrectomy are ideal 
platforms for use in pediatric eyes since the vitreous 
volume is small, the anteroposterior thickness of the lens 
is larger, and the axial length of the eye is shorter com
pared to adult eyes.54 Shorter instruments can reduce the 
risk of unwanted complications. Short 25-gauge vitrect
omy, which is approximately two-thirds the length of adult 
instruments, is now commercially available for easier 
manipulation in the limited space of pediatric eyes.55 

A smaller 27-gauge vitrectomy platform has been success
fully used in adult eyes. The use of this sized platform can 
produce stable self-sealing sclerotomy wounds, which 
reduced the risk of postoperative hypotony and 
endophthalmitis.56 However, the flexibility of these smal
ler surgical instruments and the reduced flow rate are of 
concern when used in pediatric eyes, especially when the 
membrane is thick and firmly adhered.57

Endoscopic Vitrectomy
Endoscopic vitrectomy has been proven effective in 
selected cases of adult vitreoretinal surgery. This technique 
provides a side-on view that is different from the above 
view produced by conventional vitrectomy. However, 
endoscopic vitrectomy requires additional skills and 
experience before surgeons can perform it with confi
dence. The smaller space of pediatric eyes and the com
plexity of pediatric retinal diseases are two factors that 
needed to be considered prior to selecting it for the opera
tion. In PFV, the side-on view can evaluate for the pre
sence of retinal tissue pulled by the hyaloidal stalk while 
avoiding serious complications, such as bleeding and cut
ting the retina.58 Endoscopic vitrectomy has been used 

Figure 6 (A) Intraoperative view of a limbal approach vitrectomy in a combined PFV eye. (B) the stalk was excised from its anterior attachment at the lens capsule.
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successfully in complex cases, including microcornea, 
posterior megalolenticonus, PFVS, and coloboma 
syndrome.59 Endoscopic vitrectomy is currently only 
available in 20-gauge and 23-gauge platforms.

Anti-Vascular Endothelial Growth Factor 
(Anti-VEGF)
Anti-VEGF has been successfully used in many pediatric 
retinal diseases, such as retinopathy of prematurity,60,61 

familial exudative vitreoretinopathy,62 and Coats 
disease63 with evidence of increased level of VEGF in 
the treated eyes. Concerning its use in PFV, it was reported 
that VEGF and placental growth factor both played 
a modulatory role in hyaloid regression in mice.64 At our 
center, anti-VEGF has been injected at the end of the 
surgery to reduce the risk of intraocular bleeding and 
postoperative inflammation. Studies that have investigated 
the role and efficacy of anti-VEGF in PFV remain scarce, 
and more studies are needed.

Nonsurgical Management of PFV
Nonsurgical management can be adopted in selected cases, 
such as non-progressive cases and cases with non-central 
opacity that does not cause any visual deficit. Furthermore, 
in severe cases with very poor visual prognosis, such as 
cases with optic nerve hypoplasia, retinal dysplasia, or 
combined anomalies of the eyes, surgery may be of little 
help for improving vision. These cases may, therefore, be 
considered for management by nonsurgical methods. 
However, if a nonsurgical option is indicated, careful 
follow-up in the near-term should be performed to early 
detect possible complications, such as progressive cataract 
and glaucoma. The incidence of progression of disease to 
complete blindness in cases without surgery ranges from 
27% to 70%.31,45,49,65 Approximately 30% of cases were 
reported to remain at least light perception.49 The smallest 
level of vision is still valuable for these patients, especially 
in cases with bilateral involvement, since it allows patients 
to maintain a normal sleep-wake cycle.66 In absolutely 
blinded eyes, an ocularist should be consulted for ocular 
prostheses to promote normal orbital growth, which will 
result in better cosmetic outcome when the patient 
grows up.

A multidisciplinary team that includes pediatric 
ophthalmologists and optometrists should be consulted to 
correct refractive errors and treat anisometropic amblyo
pia. Polycarbonate glasses should be worn to protect the 
remaining eye from accidental trauma. Parents and 

patients should be advised to return to the clinic as soon 
as possible when abnormal visual symptoms occur.

PFV Complications and 
Management
Even though surgical treatment yields a number of bene
fits, it is also associated with a number of risks in this 
patient population. The two main postoperative complica
tions found in PFV are retinal detachment and secondary 
glaucoma. If a retinal tear occurs during surgery, it usually 
leads to treatment failure from rhegmatogenous retinal 
detachment. This complication must, therefore, be pre
vented via a complete preoperative ocular evaluation as 
well as delicate execution of each step of surgery, includ
ing careful placement of sclerotomy or using limbal inci
sion in cases with poorly developed pars plana area or 
severe microphthalmia.

Secondary glaucoma is a lifelong complication found 
in PFV for which the causative mechanisms are closed 
angle, neovascular, or mixed. Approximately 10% to 30% 
of postoperative patients develop this complication 
depending on various factors, such as coexisting pathol
ogy, younger age at surgery, microcornea, and aphakic 
status.31,45,48 Therefore, lifetime follow-up should be prac
ticed in these patients in order to start early treatment 
when indicated.

Visual Outcomes
Factors associating with visual outcomes include the type 
of PFV, age at presentation, bilaterality, associated 
anomalies, and secondary complications, such as 
glaucoma.2,25,31,45,49,67 Anterior type PFV is prognosti
cally associated with better vision compared to combined 
or posterior type.68 Moreover, younger age at presenta
tion was reported to correlate with better vision after 
treatment.69 Cases with axial length less than 15 mm or 
3.5 mm disparity between eyes were observed to have 
poorer outcome.31 However, patients who underwent sur
gical intervention developed form vision, counting fin
gers, and fix and follow or better for at least 6 months 
after surgery.31 Unfortunately, approximately 10% of 
patients progressed to phthisis bulbi even after being 
surgically treated.49

Conclusion
PFV is a congenital condition that needs to be detected 
early in life. Early detection leads to early comprehensive 
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evaluation and treatment that will improve patient out
comes. Innovative improvements, especially in investiga
tive instruments and surgical procedures, have not only 
contributed new knowledge about the disease, but they 
have also improved both functional outcome and quality 
of life of PFV patients.
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