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Abstract
Background Persistent hyperplastic primary vitreous (PHPV), also known as persistent fetal vasculature (PFV), is 
a clinical entity that traditionally presents with leukocoria, microphthalmia, retinal dysplasia, or eyeball shrinkage 
which is associated with poor vision. However, there is a dearth of literature on cases of PHPV in adulthood or with 
asymptomatic occurrence. This report presents the clinical and pathological findings of a non-typical PHPV case and 
discuss the current knowledge for this condition.

Case presentation A 68-year-old healthy male was referred to our outpatient department for evaluation of age-
related cataract without other visual symptoms. Preoperative fundus examination occasionally detected an isolated 
stalk-like band extending to the posterior pole of the eye with normal central vitreous and retina. Other ocular 
examinations including b-mode ultrasonography, optical coherence tomography did not unveil any abnormalities, 
which caused diagnostic uncertainty. We referred to cataract surgery along with histopathological study, that revealed 
characteristics of PHPV including fibrous connective tissues mainly composed of fibrocyte proliferation and a very few 
capillary vessels. Thereafter, a definitive diagnosis of non-typical PHPV was established.

Conclusion Our case is unique due to it was not discovered until adulthood, presence with only age-related 
cataract, and accompanied with normal central vitreous and retina. Histopathological explorations lead to an accurate 
diagnosis of the condition. Those results broaden the phenotype spectrums of PHPV and further provide clinical clues 
for the cognition of the disease.
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Background
Persistent hyperplastic primary vitreous (PHPV), also 
known as persistent fetal vasculature (PFV), is a rare 
congenital malformation of the eye resulting from con-
tinuous proliferation of the original vitreous and hya-
loid vasculature, which failed to regress normally during 
the embryonic period [1, 2]. It is typically manifested 
as retrolental fibrovascular remnants or a fibrovascular 
stalk that extends from the optic disc to the lens to vary-
ing degrees. A variety of anterior and posterior segment 
abnormalities can be accompanied with PHPV, including 
leukocoria, microphthalmia, cataract, elongated ciliary 
processes, optic nerve hypoplasia, and retinal dysplasia 
[3, 4]. Also, it can cause serious complications such as 
angle-closure glaucoma, hyphema, vitreous hemorrhage, 
and tractional retinal detachment [5].

The knowledges of PHPV have evolved over time. 
Recent studies reported the involvement of various sig-
naling pathways in the pathogenesis of PHPV, including 
protooncogene ski, tumor suppressor gene Arf, p53, Bax 
and Bak, ephrin-B2, ephrin-A5, FZD4 and LRP5 [6–10]. 
Besides, the existing literature provides evidence that 
angiogenic factors including vascular endothelial growth 
factor and macrophages play a role in regression of hya-
loid vasculature [11]. What is more, the impaired EGFR-
MTORC1-autophagy signaling may adversely affect the 
vascular remodeling processes essential to regression of 
the fetal vasculature, which can be rescued by an EGFR 
inhibitor of gefitinib in vivo to serve as a novel therapy 
for PHPV disease [12].

The heterogeneity of this disease makes diagnosis 
challenging. The definitive diagnoses of PHPV are typi-
cally established according to b-mode ultrasonography, 
color doppler ultrasound, and radiological investigations 
including CT and MRI imaging [3, 13, 14]. According 
to the literature, approximately 90% of PHPV cases are 
sporadic and unilateral, with no difference in incidence 
between males and females, and are associated with poor 
vision in the affected eye [2, 15, 16]. However, non-typ-
ical cases of PHPV in adulthood or those occur asymp-
tomatically have rarely been reported, which presenting a 
diagnostic challenge for ophthalmologists.

In this study, we describe the case of a 68-year-old oth-
erwise healthy male patient who complained of merely 
age-related cataract to our outpatient department with-
out other visual symptoms. During preoperative routine 
fundus examination, a gray, stalk-like band extending 
peripherally into the vitreous cavity was occasionally 
detected. However, the results of B-scan ultrasound and 
other clinical examinations failed to yield a definite diag-
nosis. Thus, we referred to histopathological explorations 
of the patient’s tissue obtained during cataract surgery 
through which an ultimate diagnosis of atypical PHPV 
was established.

Herein, we will present the clinical and pathological 
findings of this unusual case and discuss the diagnosis 
and therapeutic options available for this condition. This 
case was unique due to it was not discovered until adult-
hood, as well as mild clinical characteristics. The results 
broaden the phenotype spectrums of PHPV and further 
provide clinical clues for the cognition of the disease.

Case presentation
Initial examination
A 68-year-old male presented to our outpatient depart-
ment in April 2022 with a chief complaint of blurred 
vision in his left eye for 1 year. He denied a history of 
infection, trauma, and ocular surgery. There was no ante-
natal, postnatal, or familial history related to the dis-
ease. During the ophthalmological examination, his left 
eye was found to have age-related cataract with a best 
corrected visual acuity (BCVA) of 20/100. The cornea 
was clear, the anterior chamber was normal, the pupil 
was round and regular, and it reacted normally to light 
(Fig.  1A). Fundus photography of the left eye revealed 
an attached retina with well-shaped blood vessels, and a 
normal-colored optic disc. However, we detected a gray 
stalk-like band in the peripheral posterior segment that 
extended into the vitreous cavity (Fig. 1B). To elicit more 
evidence, b-mode ultrasonography was then conducted, 
however, we did not reveal any echogenic masses, stalk-
like band or evidence of calcification in the vitreous and 
it showed a normal central hyaline cavity (Fig. 1C). Other 
ocular examinations also did not unveil any abnormali-
ties, for which they revealed that the axis length of the 
left eye was 23.42  mm, the intraocular pressure was 14 
mmHg, the corneal diameter was 11.5 × 10.5  mm, the 
anterior chamber depth was 2.86 mm, and the structure 
of the macular was generally normal (Fig.  1D-F). The 
contralateral eye was entirely normal with a BCVA of 
20/20, and there were no systemic abnormalities or med-
ical histories of note.

Intraoperative observations
Surgery was indicated due to the presence of cataract. 
The cornea of the left eye was detected to have regu-
lar astigmatism (K1 43.1 D, K2 45.5 D, astigmatism 2.4 
D) based on the corneal tomography performed with 
Scheimpflug imaging (Pentacam, Oculus, Germany). 
Consequently, the patient was subjected to a toric intra-
ocular lens (IOL) implantation in his left eye. Preopera-
tive marking of the toric IOL axis was conducted with the 
patient in an upright position to avoid misalignment due 
to cyclotorsion using the Robo Marker (Surgilum, USA).

Intraoperatively, after removal of the lens, a float-
ing fibro-vascular stalk-like band attached to the very 
peripheral, mainly at the nasal part of the posterior lens 
capsule and extended its free tail into the vitreous cavity 
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was detected. The posterior capsule ruptured when the 
viscoelastic substance was injected into the capsular bag 
(Fig. 2A and see video). For the removal of the vitreous, 
an anterior vitrectomy was performed. The corneal inci-
sion was extended, a 20.0 Diopter IOL was implanted in 
the ciliary sulcus (Sensar AR40e, Abbott Medical Optics, 
Inc; Santa Barbara, CA), and the incision was closed 
with watertight suture tightening. No other intraopera-
tive complications like hyphema, vitreous hemorrhage, 
glaucoma, and retinal detachment were observed during 
surgery.

Histopathological findings
As the above clinical findings were not sufficient for diag-
nostic disclosure, we excised a small part of the tissue 
behind the lens using an intraocular scissor for hema-
toxylin and eosin (H&E) staining. Histopathological 
examinations demonstrated that the tissue was a fibrous 

connective tissue mainly composed of proliferation of 
fibrocytes, and a very few capillary vessels (Fig.  2B). 
These findings were compatible with the elements of 
PHPV described by Boeve et al. [17, 18]. Based on these 
surgical findings and histopathological results, a final 
diagnosis of PHPV was made.

Follow-up visits
Postoperatively, the patient was treated with a standard 
protocol consisting of topical antibiotic and anti-inflam-
matory therapy agent for a duration of 2 weeks. We fol-
lowed up with the patient for 5 months. The BCVA in 
his operated eye improved and remained in 20/20, with 
a transparent cornea, normal anterior chamber, a round 
pupil, normal IOP, and with the IOL in the proper loca-
tion (Fig.  2C). To objective evaluate the visual function 
for the patient, we collectively performed flash visual-
evoked potential (F-VEP) and pattern visual-evoked 

Fig. 1 Preoperative examinations of the patient’s left eye. A The anterior segment photograph showed age-related cataract. B The digital photograph 
of the left fundus showed a gray, stalk-like band in the posterior segment that extended peripherally into the vitreous cavity, with normal optic disc and 
retina vasculature. C The b-scan ultrasonography showed a seemingly normal vitreous. D-F The optical coherence tomography (OCT) was unremarkable
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potential (P-VEP) (RETI-scan, ROLAND CONSULT, 
Germany) after cataract extraction. The results showed 
a normal amplitude of 20.9 µV (range: 7–20 µV) and 
peaking time of 97.5 ms (range: 95–110 ms) of FVEP 
P2 wave (Fig.  3A), a normal amplitude of 7.6–16 µV 
(range: 7-42.5 µV) and a slightly delayed latency of 111.9-
118.9 ms within the limits of 30% (range: 96–109 ms) of 
P-VEP P100 waveform (Fig. 3B) [19]. Besides, the retina 
remained attached in his left fundus, and examinations in 
the remaining ocular posterior segments were identical 
to the preoperative examinations.

Discussion and conclusions
Persistent hyperplastic primary vitreous (PHPV) is a rare 
congenital ocular abnormality caused by the continuous 
proliferation of the original vitreous in the embryonic 
stage without degeneration [1]. The clinical presentations 
in PHPV are most commonly evident in early childhood, 
with strabismus, microphthalmia, leukocoria, retinal dys-
plasia and eyeball shrinkage, and are usually associated 
with poor visual prognosis in the affected eye [20, 21]. 
However, we reported a non-typical case of PHPV, which 
demonstrated several unique features: (i) The patient 

Fig. 2 Intraoperative observations and postoperative examinations of the patient’s left eye. A The intraoperative photograph showed a floating fibro-
vascular stalk-like band attached to the very peripheral of the posterior lens capsule, which ruptured during surgery. B The histological photograph of the 
tissue revealed fibrous connective tissues, a proliferation of fibrocytes (yellow arrows), and a few capillary vessels (red arrows). Hematoxylin and eosin. (Bar 
= 100 μm). C Slit-lamp photography showed a normal anterior segment after surgery
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was a previously healthy 68-year-old adult, which was 
very unusual as PHPV usually presents in childhood; (ii) 
he was asymptomatic, except for a complaint about age-
related cataract and blurred vision for only 1 year, which 
has rarely been reported in the literature; and (iii) the 
fundus observation constituted only an isolated stalk-like 
fibrovascular band extending to the posterior pole with 
normal central vitreous and retina, which caused diag-
nostic uncertainty.

One of the unique features of our patient is that the 
fibrovascular stalk persists into adulthood until it is dis-
covered. In the fetus, the original vitreous of the eye is 
formed in the seventh week of gestation and contains 
branches of the hyaloid artery between the crystalline 
lens and retina. During later stage, the original vitreous 
and hyaloid vasculature are replaced by avascular sec-
ondary vitreous, which initiates in the 20th week of ges-
tation and completes at birth [3]. As has been reported, 
the failure of these primary vitreous and vessels to 
regress completely can lead to PHPV [22]. The isolated 
fibrovascular stalk in our case suggests an uncomplete 
regression course. We referred to the pathogenesis of 
PHPV in the literature, it has been reported that a num-
ber of genes and pathways primarily associated with eye 
morphogenesis, the apoptotic process, autophagy, and 
the angiogenic process were involved in the regression 
of hyaloid vasculature [23]. Besides, the macrophages 
may also play a central role in the blocking of blood flow, 
induction of apoptosis, and clearance of atrophic vessels 
during regression of the hyaloid vascular system [24, 25]. 

However, there were no systemic abnormalities of note in 
our patient, which suggested a somewhat unusual course 
of hyaloid vasculature regression.

Another unusual feature is that our case constituted 
only an isolated stalk-like fibrovascular band extending 
to the posterior pole combined with normal central vitre-
ous and retina. Based previous report, the vast majority 
of PHPV cases have a combination of anterior and poste-
rior segment involvement [5]. Anterior PHPV manifested 
as the presence of a retrolental fibrovascular membrane, 
which gradually covers the posterior surface of the lens, 
grows into the lens itself, invades the ciliary process, and 
leads to various complications, including posterior polar 
cataract, secondary glaucoma, iris vascular remnants, or 
intra-lenticular hemorrhage [20, 26]. Posterior PHPV is 
presented with an elevated vitreous membrane or stalk 
extending from the optic disc to the peripheral retina or 
retrolental region, along with abnormalities involving the 
posterior segment, such as retinal folds, macula dysplasia, 
optic nerve hypoplasia, or retinal detachment [2]. While 
in typical case of PHPV, both anterior and posterior signs 
can be observed. In the present case, the characteris-
tics of anterior PHPV, like retrolental opacity, elongated 
ciliary processes, leukocoria, or angle-closure glaucoma, 
were not observed. The presence of an elevated fibrovas-
cular stalk in the vitreous cavity may fall under the pos-
terior type of PHPV, but the membrane did not connect 
the optic disc or alter the structure of the posterior seg-
ment. Moreover, typical signs of posterior PHPV, such 
as anomaly of the optic disc, macula, or retina, were also 

Fig. 3 Postoperative F-VEP and P-VEP examinations of the patient’s left eye. A F-VEP P2 wave results showed a normal amplitude of 20.9 µV (range: 7–20 
µV) and peaking time of 97.5 ms (range: 95–110 ms). B P-VEP P100 waveform results showed a normal amplitude of 7.6–16 µV (range: 7-42.5 µV) and a 
slightly delayed latency of 111.9-118.9 ms within the limits of 30% (range: 96–109 ms)
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not observed in the affected eye in our patient. All things 
being considered, it was difficult to categorize disclosure 
based on conventional presentations.

Thirdly, one more rare feature of the current case is 
that the patient is asymptomatic and denied any vision 
impairment in early childhood. Predictors of poor visual 
prognosis in PHPV include bilaterality, microphthalmos, 
glaucoma, and posterior segment involvement, which 
will lead to an increased risk of retinal detachment or 
even eyeball shrinkage. Posterior PHPV usually leads to 
a poor vision prognosis, according to previous studies 
[4, 5]. The degree of ocular malformation will ultimately 
determine the visual outcome. In our case, the patient 
did not involve in any of the above complications that 
could have resulted in a poor vision outcome. In addi-
tion, electrophysiological testing of VEPs, currently the 
only non-invasive, objective method for evaluating neu-
ral function in the pathway between retinal ganglion cells 
and the visual cortex [27], were in normal range, which 
suggested the disease did not invade the optic nerve or 
affect the neuron function. Consequently, a normal func-
tional integrity of the visual system and a satisfied vision 
rehabilitation were achieved in our patient.

Clinically, the diagnosis of PHPV is usually made based 
on typical clinical signs and imaging manifestations. It 
is now accepted that the b-scan ultrasonography, color 
doppler ultrasound, CT, and MRI are vital for disease 
diagnosis, especially in eyes in which the posterior seg-
ment is not visible [3, 28]. The b-scan ultrasound can 
show the stalk going from the lens to the posterior pole, 
moreover, the color-flow doppler can show the vascular 
nature of PHPV lesions [13]. CT scanning can also show 
the PHPV membrane and the absence of calcification 
which is useful in the diagnosis of PHPV as well as dif-
ferentiating PHPV from retinoblastoma. Furthermore, 
the morphology of these various lesions can be seen 
clearer with MRI [14]. In our case, b-mode ultrasonogra-
phy did not reveal any echogenic masses, stalk-like band 
or evidence of calcification in the vitreous and it showed 
a normal central hyaline cavity. We speculated this may 
be caused by the inspector’s failure to operate at a proper 
angle or neglect. For this non-typical case, we conduct 
histopathological examinations in which fibrous con-
nective tissues composed of a proliferation of fibrocytes, 
and a very few capillary vessels in the excised tissue was 
revealed. Accordingly, a final diagnosis of non-typical 
PHPV was established.

Surgery was indicated for the patient due to the pres-
ence of cataract. During surgery, the fibrovascular stalk 
was observed to be connected to the posterior lens cap-
sule, which ruptured due to the dragging of the fibrous 
membrane. This is a known complication of PHPV and 
is often ascribed to the invasion of the abnormal fibro-
vascular tissue which exerted increased traction on the 

posterior capsule [29]. As a result, the peripheral poste-
rior capsule might have been weakened by the fibrovas-
cular tissue, which are more vulnerable to being ruptured. 
In fact, previous studies on retrolental remnants of PHPV 
have also revealed early disturbance of lens development 
and a failure to form posterior lens fibers, which finally 
led to development defects of the posterior capsule [3]. 
In the present case, a combined anterior vitrectomy with 
IOL implantation in the ciliary sulcus was undertaken 
subsequently. The BCVA in his operated eye improved 
and remained in 20/20, with a transparent cornea, nor-
mal anterior chamber, a round pupil, normal IOP, and 
with the IOL in the proper location. This also proved that 
our treatment was effective and safe.

In conclusion, we reported a non-typical case of PHPV 
in a 68-year-old adult, he was previously healthy, pre-
sented with only age-related cataract, and accompa-
nied with normal central vitreous and retina. Our case 
broadens the phenotype spectrums of PHPV and pro-
vides clinical clues for the cognition of the disease. More 
importantly, we successfully diagnosed this non-typical 
PHPV case with a histological approach. We suggest that 
a similar approach may be considered for this patient 
group.

Abbreviations
PHPV  Persistent hyperplastic primary vitreous
PFV  Persistent fetal vasculature
BCVA  Best corrected visual acuity
IOL  Intraocular lens
H&E  Hematoxylin and eosin
F-VEP  Flash visual-evoked potential
P-VEP  Pattern visual-evoked potential
OCT  Optical coherence tomography

Acknowledgements
Not applicable.

Author contributions
YH.Y. and Y.Q. concept and design, made the interpretation of the information, 
and drafted the initial manuscript. S.C., J.H. and J.L. carried out the collection 
of the reported studies, and performed the histopathological experiments. K.Y. 
reviewed and revised the manuscript. YB.Y. conducted the surgery, concept 
and design, reviewed and revised the manuscript. All authors read and 
approved the final manuscript.

Funding
This work was supported by grants from National Natural Science Foundation 
of China (No. 82101182, No. 82070938); Zhejiang Provincial Natural Science 
Foundation of China (No. LQ22H120013, No. Y20H120051, No. LY22H120003).

Data Availability
The original data presented in the study are included in the article, without 
undue reservation. Further inquiries can be directed to the corresponding 
author.

Declarations

Ethics approval and consent to participate
Not applicable.



Page 7 of 7Yu et al. BMC Ophthalmology          (2023) 23:267 

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report. A copy of the consent form is available for review by the 
editor of this journal.

Competing interests
The authors declare no competing interests.

Received: 3 November 2022 / Accepted: 6 June 2023

References
1. Reese AB. Persistent hyperplastic primary vitreous. Am J Ophthalmol. 

1955;40(3):317–31.
2. Goldberg MF. Persistent fetal vasculature (PFV): an integrated interpretation 

of signs and symptoms associated with persistent hyperplastic primary 
vitreous (PHPV). LIV Edward Jackson Memorial lecture. Am J Ophthalmol. 
1997;124(5):587–626.

3. Pollard ZF. Persistent hyperplastic primary vitreous: diagnosis, treatment and 
results. Trans Am Ophthalmol Soc. 1997;95:487–549.

4. Zahavi A, et al. Management of severe persistent fetal vasculature: case series 
and review of the literature. Int Ophthalmol. 2019;39(3):579–87.

5. Li L, et al. Surgical treatment and visual outcomes of cataract with persistent 
hyperplastic primary vitreous. Int J Ophthalmol. 2017;10(3):391–9.

6. McGannon P, et al. Ocular abnormalities in mice lacking the ski proto-onco-
gene. Invest Ophthalmol Vis Sci. 2006;47(10):4231–7.

7. Freeman-Anderson NE, et al. Expression of the Arf tumor suppressor 
gene is controlled by Tgfbeta2 during development. Development. 
2009;136(12):2081–9.

8. Hahn P, et al. Persistent fetal ocular vasculature in mice deficient in bax and 
bak. Arch Ophthalmol. 2005;123(6):797–802.

9. Salvucci O, et al. EphrinB2 controls vessel pruning through STAT1-JNK3 signal-
ling. Nat Commun. 2015;6:6576.

10. Son AI, et al. Formation of persistent hyperplastic primary vitreous in ephrin-
A5-/- mice. Invest Ophthalmol Vis Sci. 2014;55(3):1594–606.

11. Yoshikawa Y, et al. Developmental regression of hyaloid vasculature is trig-
gered by neurons. J Exp Med. 2016;213(7):1175–83.

12. Yazdankhah M, et al. Modulating EGFR-MTORC1-autophagy as a poten-
tial therapy for persistent fetal vasculature (PFV) disease. Autophagy. 
2020;16(6):1130–42.

13. Mackeen LD, et al. High-frequency ultrasonography findings in persistent 
hyperplastic primary vitreous. J AAPOS. 2000;4(4):217–24.

14. Sun MH, Kao LY, Kuo YH. Persistent hyperplastic primary vitreous: mag-
netic resonance imaging and clinical findings. Chang Gung Med J. 
2003;26(4):269–76.

15. Jain TP. Bilateral persistent hyperplastic primary vitreous. Indian J Ophthalmol. 
2009;57(1):53–4.

16. Alexandrakis G, et al. Visual acuity outcomes with and without sur-
gery in patients with persistent fetal vasculature. Ophthalmology. 
2000;107(6):1068–72.

17. Boeve MH, et al. Early morphogenesis of persistent hyperplastic tunica vascu-
losa lentis and primary vitreous. A transmission electron microscopic study. 
Invest Ophthalmol Vis Sci. 1990;31(9):1886–94.

18. Boeve MH, van der Linde-Sipman T, Stades FC. Early morphogenesis of persis-
tent hyperplastic tunica vasculosa lentis and primary vitreous. The dog as an 
ontogenetic model. Invest Ophthalmol Vis Sci. 1988;29(7):1076–86.

19. Odom JV, et al. ISCEV standard for clinical visual evoked potentials: (2016 
update). Doc Ophthalmol. 2016;133(1):1–9.

20. Hunt A, et al. Outcomes in persistent hyperplastic primary vitreous. Br J 
Ophthalmol. 2005;89(7):859–63.

21. Sisk RA, et al. Visual and anatomic outcomes with or without surgery in 
persistent fetal vasculature. Ophthalmology. 2010;117(11):2178–83e1.

22. Shastry BS. Persistent hyperplastic primary vitreous: congenital malformation 
of the eye. Clin Exp Ophthalmol. 2009;37(9):884–90.

23. Thomas DM, Kannabiran C, Balasubramanian D. Identification of key genes 
and pathways in Persistent Hyperplastic Primary Vitreous of the Eye using 
Bioinformatic Analysis. Front Med (Lausanne). 2021;8:690594.

24. Kishimoto A, et al. Histochemical characteristics of regressing vessels in the 
hyaloid vascular system of neonatal mice: novel implication for vascular 
atrophy. Exp Eye Res. 2018;172:1–9.

25. Lang RA, Bishop JM. Macrophages are required for cell death and tissue 
remodeling in the developing mouse eye. Cell. 1993;74(3):453–62.

26. Castillo M, Wallace DK, Mukherji SK. Persistent hyperplastic primary vitreous 
involving the anterior eye. AJNR Am J Neuroradiol. 1997;18(8):1526–8.

27. McBain VA, et al. Assessment of patients with suspected non-organic visual 
loss using pattern appearance visual evoked potentials. Graefes Arch Clin Exp 
Ophthalmol. 2007;245(4):502–10.

28. Rizvi SW, et al. Bilateral persistent hyperplastic primary vitreous: a close mimic 
of retinoblastoma. Semin Ophthalmol. 2013;28(1):25–7.

29. Gieser DK, et al. Persistent hyperplastic primary vitreous in an adult: case 
report with fluorescein angiographic findings. J Pediatr Ophthalmol Strabis-
mus. 1978;15(4):213–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Non-typical persistent hyperplastic primary vitreous: a rare case report and review of the literature
	Abstract
	Background
	Case presentation
	Initial examination

	Intraoperative observations
	Histopathological findings
	Follow-up visits
	Discussion and conclusions
	References


