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SUMMARY

Introduction Incontinentia pigmenti (IP) is an X-linked genodermatosis in which skin changes are
combined with dental, eye and central nervous system anomalies.

Objective The goal of the study was to analyze ocular findings, IP minor criteria in available literature
concerning IP cases published until now.

Methods We have done meta-analysis of 1931 IP patients found in 302 references published until 2010.
Comparison of data published for the 1906-1976 and 1976-2010 periods was made. The collected data
were mainly frequencies of ocular anomalies. Chi-square test was used to compare observed frequen-
cies with their expectations.

Results Of total number of IP patients, 1,227 were ophthalmologically investigated. In 449 such patients
972 eye anomalies were registered, 2.16 anomalies per patient. Proportion of ophthalmologically inves-
tigated IP patients in the period 1906-1975 (70%) was higher than corresponding proportion (60%) for
the period 1976-2010. For 1906-2010 period 36.5% IP patients with eye anomalies were diagnosed. The
number of amaurotic eyes per patient did not significantly differ for the two periods (p=0.50; >0.05).
The total number of eye anomalies per patient significantly differed for the same periods (p=0.00005;
<0.05). Retinal anomalies were most frequent in both periods.

Conclusion This study suggests that IP is far more frequent than anyone could estimate. We believe that
this study, covering 1906-2010 period, gives more reliable information about ophthalmological find-
ings in IP; considering them as severe anomalies. Early detection and treatment of ophthalmological,
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neurological etc. findings may prevent severe consequences that IP may cause.
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INTRODUCTION

Incontinentia pigmenti (IP), also known as
Bloch-Sulzberger syndrome, is a rare X-linked
genodermatosis in which skin changes are
usually combined with anomalies of other organs
mainly of ectodermal origin. It appears almost
exclusively in females and is usually lethal in
males [1]. The typical pattern of IP skin changes
appears along Blaschko lines [2]. Mutations of
the NEMO-gene localized on the Xq28 chromo-
somal region are responsible for IP [3]. NEMO
(IKBKG) gene signalling pathway is a multi-
component pathway that regulates the expression
of hundreds of genes that are involved in diverse
and key cellular processes, including cell prolifer-
ation, cell survival, immunity and inflammation.
Its misregulation is involved in many diseases
[4, 5]. However, failure to identify a NEMO
(IKBKG) mutation does not rule out the diagno-
sis of IP [6]. Affected females survive because of
X-chromosome dizygozity and negative selection
of cells carrying the mutant X-chromosome [7].

In routine practice from 1993, proposed
criteria for IP have been Landy and Donnai’s
[8] (Table 1). The presence of other than skin
changes is important if skin changes are discrete.
They can be of great prognostic and diagnos-
tic value, because unlike dermatological altera-

tions that fade through years they will be pres-
ent throughout the patient’s whole life [9]. The
prognosis of IP is generally good and depends
on extracutaneous manifestations that may
also affect patients’ quality of life. According to
Landy and Donnai criteria [8], ocular findings
are classified as IP minor criteria. Nevertheless,
the severity of IP is very often attributed to these
findings.

From 1906, when the disease was described
for the first time [10], there were numerous
reports of ocular anomalies in IP. In 1976, Carney
[11] reviewed 653 case reports of IP from 464
references published in 1906-1975 period, of
which 455 provided enough information to eval-
uate possible ocular anomalies.

Ever since Carney [11] has published world
statistics of IP, no such meta-analysis has been
done. The only exception was Porteleone’s et
al. [12] meta-analysis of clinical data for 82 IP
patients cited by MEDLINE in the European
literature from 2000 to 2006. In this group, 21%
of patients had ocular findings. Detailed infor-
mation about the number and type of ocular
anomalies was not available. There were also
articles in which single cases or series of patients
with IP have been presented, but they were
usually approached from one aspect: genetical
[13], ophthalmological [14], dermatological [15],
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Table 1. Proposed criteria for Incontinentia pigmenti (IP) according to Landy and Donnai [8]

Family history Criteria

Typical neonatal rash (erythema, vesicles, eosinophilia)

Major

Typical hyperpigmentation (mainly trunk, Blaschko's lines, fading in adolescence)

No evidence of IP

Linear, atrophic, hairless lesion

in the first degree Dental involvement

female relative*

relative** Woolly hair

Minor (supportive | Alopecia
evidence) Woolly hair/abnormal nails
Retinal disease
Suggestive history or evidence of typical rash
Skin manifestations of IP (hyperpigmentation, scarring, hairless streaks, alopecia and vertex)
Evidence of IPina . Anomalous dentition
first degree female Major

Retinal disease

Multiple male miscarriages

* At least one major criterion is necessary to make a firm diagnosis of sporadic IP. The minor criteria, if present, will support the diagnosis but because of their

high incidence, complete absence should induce a degree of uncertainty.

** The diagnosis of IP is likely in the first degree female relative of an affected female if any of these features are demonstrable, alone or in combination.

etc. Reported data concerning the number of diagnosed
patients and description of anomalies are often unreliable
due to a highly specialized approach. Some papers dealing
with genetical issues of IP were lacking complete clinical
findings concerning analyzed patients [13]. According to
ophthalmological investigation of Holmstrom and Thorén
[14], out of 30 patients with IP, 23 (77%) had ocular anoma-
lies and 7 of them amaurosis (30%). Phan et al. [15] reported
a general retrospective study of 53 female patients. They
presented 19 (36%) patients with IP and ocular anomalies.
Intriguingly, in a number of articles, even the ones published
recently [12], there was a statement that the total of 700 or
some extra cases of [P were published in the literature. The
only exception was Scheuerle and Nelson’s [6] estimation of
approximately 900-1200 IP affected individuals, 60 of them
males that have been reported in the literature.

The literature was lacking a broad approach since IP isan
illness with diverse abnormalities. In order to obtain further
relevant data, besides Carney’s study [11] which covered
1906-1975 period, we made a meta-analysis of ocular find-
ings in the available literature concerning IP cases published
in 1976-2010 period.

OBJECTIVE

The goal of the study was to analyze ocular findings, IP
minor criteria in the available literature concerning IP cases
published until now.

METHODS

We analyzed the available literature data concerning IP cases
published in 1976-2010 period. Carney’s article [11] was
accepted for publication in August, 1975 and published in
1976, so papers published after this date were not covered in
his study. We found 302 references from the world literature
published during 1976-2010 period with acceptable data to
warrant inclusion in the analyses. The analyzed references
were published in Europe, Asia, Africa, Australia, North

and South America, and covered patients from all cited
continents. These references were listed separately in the
Additional reference list (see Note). The validity of analyzed
articles was taken for granted and not assessed. The authors
made a maximal possible effort to exclude multiplications
of data, e.g. patients described in more than one reference.
The data that we collected were mainly frequencies that we
presented in tables. Chi-square test was used to compare the
observed frequencies with their expectations [16].

We reviewed 1,278 IP diagnosed patients presented in the
available literature in the period 1976-2010. Out of these,
772 patients provided enough information to evaluate possi-
ble ocular anomalies. In this analysis, we considered reti-
nal, lens and vitreous anomalies, optical nerve atrophy, and
microphthalmia, as serious vision threatening findings that
can lead to blindness. Anomalies were counted per eye. We
counted as retinal anomalies: retinal detachment, retinal
vascular anomalies, retinal pigment epithelium anomalies
and all other anomalies of the retina. Retinal vascular anom-
alies included telangiectasia, ectasia, haemorrhage, neovas-
cularization, and avascularity of the retina. Lens anomalies
included cataracts, and other lens anomalies. Amaurotic eyes
(blindness) were analyzed as a separate entity. All further
ocular anomalies, such as strabismus, nystagmus, refractory,
iris, corneal anomalies found in small number, originally
unspecified anomalies (e.g. ocular disorder, ocular anom-
aly or severe eye impairment), as well as frequent anoma-
lies, such as retinal detachments, retinal vascular anomalies,
cataracts and strabismus with uncertain numerical data were
presented as unspecified anomalies. Quite often individual
patients had more than one type of anomaly.

RESULTS

In meta-analysis we presented data in tables. In Table 2 we
presented data from Carney’s study [11] covering the period
from first reported IP patient in 1906, until 1975, data from
the literature we collected for 1976-2010 period concern-
ing the number of IP patients, and cumulative data for the
period 1906-2010. In Table 3 and Table 4 data on type of
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Table 2. Number of IP patients according to observed period, gender,

ophthalmological investigation and presence of ocular anomalies

Observed Number of all IP patients Num:?]il'ezziophtgalmploglcalIy Nui?vt:i:i;g(t)epdhtagili?n(ilso\?/:'fﬁIIy
period SRS e eye anomalies
Total NA Female | Male Total NA Female | Male Total NA Female | Male
1906-1975 653 44 593 16 455 0 444 n 160 0 156 4
1976-2010 1278 17 1157 104 772 6 686 80 289 5 268 16
1906-2010 1931 61 1750 120 1227 6 1130 91 449 5 424 20
NA - not available
Table 3. Number of all and essential types of ocular anomalies in IP patients in observed periods
Observedperiod | (FSOIIES | ontening findings | Amauroticeyes | STREERA 1 malies
1906-1975 286 135 34 83 34
1976-2010 686 412 53 89 131
1906-2010 972 547 87 172 165

Table 4. Number of different serious vision threatening findings and amaurotic eyes in IP patients

Observed period anR:rFriwglailes Op;itcrzlpr;]eyrve a\r/1ict>rmeglt:§s Lens anomalies M;g?[fr?ttr::?::/ Amaurotic eyes
1906-1975 75 18 il 18 13 34
1976-2010 321 15 33 26 17 53
1906-2010 396 33 44 44 30 87

ocular anomalies in IP patients in different observed peri-
ods were presented.

The total number of IP patients in 1906-2010 period we
found in the literature was 1,931, of whom 1,750 females,
120 males, and 61 with unspecified sex. Of all registered IP
patients 64% were ophthalmologically investigated.

Out of 653 cases in Carney’s study [11] covering the
period 1906-1976, 91% were female, 2% male and 7% of
unspecified sex (Table 2). Only four of 160 IP patients with
diagnosed ocular anomalies were male. Out of 1,278 IP
patients in 1976-2010 period 90% were female, 8% male
and 2% of unspecified sex. Considering 1906-2010 period,
91% were female and 6% were male.

There was a difference in the frequencies of conducted
ophthalmological investigations for IP patients for 1906-
1975 and 1976-2010 periods (Table 2). Proportion of IP
patients that were ophthalmologically investigated in 1906-
1975 period (70%) was higher than corresponding propor-
tion (60%) for the period of 1976-2010.

Proportions of patients with eye anomalies out of ophthal-
mologically investigated IP patients do not significantly
differ for the two periods (p=0.42; >0.05). In the period
1906-1975 there where 160 out of 455 patients (35.1%) and
there were 287 out of 772 patients (37.4%) in 1976-2010. For
cumulative 1906-2010 period there were 36.5% (449/1,227)
diagnosed IP patients with eye anomalies.

In 1906-1976 there were 286 ocular anomalies present
in 160 IP patients with ophthalmic findings, 1.79 anom-
alies per patient were registered (Tables 3 and 5). Among
ocular anomalies, the most frequent were strabismus, reti-
nal, optical nerve and lens anomalies (Tables 4 and 5). In
the period 1976-2010, there were 686 ocular anomalies in
289 IP patients, 2.37 anomalies per patient. Among ocular
anomalies, the most frequent were retinal anomalies, stra-
bismus, vitreous, and lens anomalies. According to cumula-

‘ doi: 10.2298/SARH1008408M

Table 5. Number of serious vision threatening findings and amauro-
tic eyes per patient in observed periods

Number of
b Total number | serious vision Number of
. of anomalies threatening | amaurotic eyes
period - g .
per patient findings per per patient
patient
1906-1975 1.79 0.84 0.21
1976-2010 2.37 1.42 0.18
1906-2010 2.16 1.22 0.19

tive data for the period 1906-2010, there were total of 449 IP
patients with ocular anomalies, 2.16 anomalies per patient.
Among ocular anomalies, the most frequent were retinal
anomalies, strabismus, vitreous, lens anomalies and optical
nerve atrophy. The number of amaurotic eyes per ophthal-
mologically investigated IP patient with anomalies does
not significantly differ for the two periods (p=0.50; >0.05).
On the other hand, the total number of eye anomalies per
ophthalmologically investigated IP patient with anomalies
significantly differs for the two periods (p=0.00005; <0.05).

Retinal anomalies were by far most frequent in both
periods of investigation. Ocular malignancies were rarely
registered, only six in 1906-2010. Some ocular anoma-
lies like refractory, corneal and iris were not registered by
Carney [11] in 1906-1975. In 1976-2010 we found regis-
tered 28 refractory anomalies, 20 corneal anomalies and 13
iris anomalies. We noted three nasolacrimal duct anoma-
lies in IP patients.

There was a problem with counting and identifying
anomalies in some references [15, 17], because there was only
alist of observed anomalies with no exact number. These lists
included frequent anomalies such as retinal detachments,
retinal vascular anomalies, cataracts and strabismus. These
serious vision threatening anomalies we classified as unspec-
ified anomalies together with different anomalies presented
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in a small number. Due to this, the exact number of reti-
nal detachments, retinal vascular anomalies, cataracts and
strabismus was actually higher than presented in Tables for
1976-2010 as well as for 1906-2010 periods.

DISCUSSION

Incontinentia pigmenti is a hereditary, X linked disease lethal
in most but not all males, with skin, dental, ophthalmologi-
cal and neurological manifestations. In neonates with obvi-
ous skin manifestations and heredity for IP, the diagnosis is
easy to be made. In older children and adults, the constel-
lation of skin manifestations, dental abnormalities, possi-
ble neurological problems and eye manifestations helps in
the diagnosis.

Of 1,278 TP cases found in the literature for 1976-2010
period, for 1,261 patients gender could be determined out of
whom 90% were female and 8% male. The number of male
IP patients was higher in 1976-2010 period, 8% compared
to 2% in 1906-1975 [11]. We supposed that the reason for
this difference arose from the better knowledge and avail-
ability of information about IP.

The explanation for the lower frequencies of conducted
ophthalmological investigations for IP patients of 1976-
2010 period compared to 1906-1976 period may be that
the number of ophthalmologically investigated IP patients
without anomalies in 1976-2010 period was higher, but the
authors [13] did not put any (even negative) statement or
comment in their paper about ophthalmological findings.

For ophthalmologically investigated IP patients in 1906-
1975 and 1976-2010 periods, there was no significant differ-
ence in the proportions of diagnosed patients with eye anom-
alies. Intriguingly, nearly the same percentage of IP patients
with ocular anomalies was registered in Carney’s [11], Phan
et al. [15] articles and in the period 1976-2010 which we
analyzed. There was a significant difference in the number
of eye anomalies per IP patient — 1.79 for 1906-1975 and 2.37
for the period of 1976-2010. Retinal anomalies were by far
most frequent in both periods of investigation.

The number of amaurotic eyes per patient was similar in
both observed periods, while the number of serious vision
threatening findings per patient was significantly higher
in the period 1976-2010. We supposed that the reason for
no significant difference in the proportions of diagnosed
patients with eye anomalies and similar number of amau-
rotic eyes in both periods was that IP is a hereditary disease
with limited possibility for therapy.

According to Landy and Donnai [8], ocular anomalies in
IP were represented as minor criteria; we have seen in cumu-
lative analysis that more than one third of ophthalmologically
investigated IP patients had on the average 2.16 anomalies
each. The most frequent were retinal anomalies. In addition
to retinal anomalies, we found strabismus, vitreous and lens
anomalies and optical nerve atrophy. These severe anomalies
presented more than half of the total number of anomalies
registered in IP patients. The quoted anomalies, as solitary or
in combination with other anomalies, usually resulted in seri-
ous vision threatening conditions including blindness [11, 14].

Besides on the number of references dealing with ophthal-
mological problems in IP, little is known about its pathogen-
esis. It has been assumed that retinal IP affection begins with
pigment epithelium changes and/or retinal vascular changes,
followed by inflammatory response that may lead to reti-
nal detachment. Retinal pathology was the most probable
reason even for strabismus [14]. Nevertheless, the severity
of IP is very often attributed to visual impairment including
blindness. We wish to emphasize that beside diverse types
of anomalies, a different intensity of specific anomalies was
recorded. The explanations for such findings are proba-
bly in different NEMO gene mutations [18] as well as non-
randomed X-inactivation pattern in females [7].

We found in 1976-2010 period iris and corneal anom-
alies. These types of anomalies were not registered in the
Carney’s study [11], as well as ocular refractory anoma-
lies. We supposed that ocular refractory anomalies were
neglected by the authors in the description of IP patients
and that they were more frequent than it was seen from
the available data. As a rare finding in IP, we noted three
nasolacrimal duct anomalies, not described previously in
IP patients. Bilateral anophthalmia was found in a single
patient. Malignant eye diseases in IP patients were rarely
revealed. Carney [11] noted only two such anomalies diag-
nosed as metastatic ophthalmia. We found three patients
in the analyzed literature with malignant eye diseases.
Retinoblastoma was reported three times (in one case as a
single and as bilateral in another), and tumour of the vitre-
ous body in one case.

When discussing the appearance of different noncutane-
ous anomalies in IP patients with ophthalmological findings,
we must bear in mind the fact that cutaneous IP patterns
are along Blaschko lines. According to Rott [2] in other than
skin like organs, lens, iris, retina, teeth and bones in different
X-linked diseases also existed patterns of changes analogous
to cutaneous Blaschko lines. For this reason, we believe that
the pattern of retinal, iris, and lens anomalies also develope
along analogues of Blaschko lines.

In our study, we found diagnosed corneal anomalies in a
whorl-like pattern [19] or opacities with specific pattern [14,
20]. Using confocal microscopy a possible X-linked inac-
tivation mosaic in the corneal epithelium was found [21].
Taking in account these facts, we hypothesized that it could
be possible that Blaschko lines analogues also existed in the
cornea as well as in other parts of the eye.

Cumulative statistical analysis of IP patients for the period
of 1906-2010 gave us interesting results. IP was generally
treated as a rare disease, but in the literature we found 1,931
patients, of whom 1,227 were ophthalmologically investi-
gated. In 449 ophthalmologically investigated IP patients
972 ophthalmic anomalies were registered; 2.16 anomalies
for each patient. The number and severity of ocular anom-
alies that we have recorded obviously proves the importance
and influence of these clinical findings on the quality of life
of these patients. Ocular lesions in patients with IP may be
serious and lead to vision threatening manifestations or even
blindness mainly because of retinal disease [14]. This study
proves that dominant ocular findings were retinal findings.
They included retinal vascular anomalies, retinal detachment
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and retinal pigment epithelium anomalies. Early detection
of the retinal disease and initiation of adequate treatment is
very important. To achieve this, there is a need for a screen-
ing program for infants with IP and knowledge of natu-
ral history of the retinal disease and of different treatment
modalities [14]. Regular visits to the paediatric ophthalmol-
ogist familiar with retinopathy of prematurity are essential
during the first year of life.

CONCLUSION

We wish to emphasize that the total number of 1,931 IP
patients in this meta-analysis was higher than any estimated
number of IP patients presented so far in the literature [6].
We believe that this cumulative statistical study covering
1906-2010 period gives a more reliable source of informa-
tion about ophthalmological findings, minor criteria of IP
than previously published data. According to reported find-
ings, epidemiological analyses of rare diseases, such as IP,
would be more precise and reliable if authors and editors
would pay more attention in collecting and presenting litera-
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OuHe aHOMaNUje Y UHKOHTUHEHLMWjU MUTMEHTU: Npernes uTepaType 1

MeTdaHa/1n3a

CHexaHa MuHuh', Murbana Obpagosuh?, Mrop Koeauesnh?, lywan TpnuHal?

"MHcTUTYT 32 filepmatonorujy, KnuHnukm ueHtap Cpbuje, MeguumHckn dpakyntet, YHuBep3uTeT y beorpaay, beorpag, Cp6uja;
2NHCTUTYT 3a Xuctonorujy n emépronorujy, MeguumHckn dakynteT, YHuep3auTeT y beorpagy, beorpag, Cp6uja;

3MIHCTUTYT 3a 04He 6onectu, KnuHnuku ueHTtap Cpbuje, beorpag, Cpbuja

KPATAK CAPXKAJ

YBopa VIHKOHTVHEHUMja nurMeHTw (incontinentia pigmenti - IP) je
reHoAepmaTto3a Be3aHa 3a X-XpOMO30M Y K0joj Cy MPOMEHE Ha KO-
XN YyecTo yapyxeHe ¢ nopemehajuma 3y6a, 0uujy n LeHTpanHor
HepBHOr CcncTeMa.

Lum papa Linmb paga je 610 fa ce ncnutajy ouHm nopemehaju v 13B.
MUHOP KpuTepujymu [Py nocag 06jaBrbeHoj OCTYMHOj AMTEpPaTypy.
MeToge paga V3BpLieHa je MeTaaHanu3a nogataka o 1.931 6o-
necHuKy ca IP HaheHnx y 302 pedepeHue nybnnkosaHe o 2010.
roguHe. YnopeheHu cy pesyntatu 3a nepuoge 1906-1976. n 1976-
2010. roguHe, a yrnaBHOM je 6una pey o yuecTanocTt OYHMX Mo-
pemehaja. 3a nopehete 3abenexeHe N oueKrBaHe yuecTanocTu
KopuwheH je x>-TecT.

Pesyntatmn O yKynHor 6poja 6onecHvika ca IP 1.227 je 6uno nog-
BPrHyTo odpranmonoLikom nperneay. Kop 449 6onecHuka cy ycTa-
HOBJbeHe 972 oyHe aHoManuje (2,16 aHomanuja no 6onecHuky). Mpo-

MpumsbeH « Received: 09/03/2010

nopumja odpTanMonoLKm nperneaaHnx bonecHuka ca lPy neprogy
1906-1976. ropuHe (70%) je Beha Hero y neprogy 1976-2010. roau-
He (60%). Y nepuogy 1906-2010. roaMHe o4He aHOManuje cy 3abe-
nexeHe Kop 36,5% 6onecHrika ca IP. bpoj cnenux ouujy no 6one-
CHUKY Ce He pa3fnuKyje 3HauajHo 3a ucnutreaHe nepuoge (p=0,50;
>0,05). YKynaH 6poj aHomanuja ouujy no 6onecHuKy 3a ucte nepu-
oge ce, MmehyTum, 3HauajHO pasnukyje (p=0,00005; <0,05). Hajue-
whe aHomanuje y oba nocmatpaHa nepuoaa une cy Ha peTuHN.
3aksbyuak Cryavja nokasyje fa je IP mHoro yewhe obosberbe He-
ro WwTo ce gocag npouerusano. Meprog 1906-2010. rognHe npy-
»a MHOrO Nnoy3JjaHuje nogaTke 0 O4HUM aHOManmjama y IP, pa3ma-
Tpajyhin nx Kao Tewwke nopemehaje. PaHo oTKpuBarbe 1 neyere
0hTaNMONOLLKMX, HEYPONOLWKKX 1 Apyrux npatehux nopemeha-
jamory ga cnpeue 036ubHe NocneauLe Koje Moxe Aa usasose IP.
KibyuHe peum: WHKOHTVMHEHUMja MUTMEHTU; OYHE aHOManuje;
aHOManuje peTvHe; MeTaaHanm3a
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