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Abstract

Background: Incontinentia Pigmenti is a rare disease affecting multiple organs. Fifty of patients show affection of
the eye with retinopathy and possible amaurosis being the worst outcome. Treatment has commonly been
panretinal laser coagulation but intravitreal application of bevacizumab as VEGF-inhibitor has shown to effectively
suppress retinal neovascularization.

Case presentation: A six-week-old female infant with Incontinentia Pigmenti developed a foudroyant necrotizing
enterocolitis shortly after intravitreal injection of bevazicumab due to a retinopathy with impending tractional
detachment of the left eye. Since the onset of abdominal symptoms occurred immediately after the intravitreal
application, a link between the two events seemed likely. Sequential analyses of the VEGF serum concentrations
showed a massive suppression of endogenous VEGF with only a very slow recovery over weeks. Such a severe
systemic adverse event has not been reported after intravitreal treatment with bevacizumab in an infant.

Conclusion: This case report shows a relevant systemic uptake of bevacizumab after intravitreal application as
suppressed VEGF levels show. There seems to be a connection between suppressed VEGF levels and the onset of
necrotizing enterocolitis. Therefore, treatment with bevacizumab should be carefully considered and further
research is needed to assess this drug’s safety profile.
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Background
Incontinentia pigmenti (IP) or Bloch-Sulzberger Syn-
drome is a rare X-linked dominant condition affecting
neuroectodermal tissues [1, 2] and multiple organs. A
mutation in the affected NEMO-gene (Xq28) can be
found in most cases [3]. The “incontinence” is caused by
a dislocation of melanin pigment from the basal cells of
the epidermis to the upper dermis layer [4] and is char-
acterized by skin lesions following the Blaschko lines [2].
Furthermore, alterations in teeth, hair and nails are com-
mon. In 30-50%, the central nervous system (CNS) with
symptoms such as epilepsy, mental retardation, hemipar-
esis, spasticity and cerebellar ataxia is involved [1]. Up to
50% of the patients show eye abnormalities, among them
retinopathy due to vascular occlusive changes [1, 5].

This retinopathy resembles retinopathy of prematurity
(ROP) [5] with excessive pre-retinal angiogenesis which
may result in tractional retinal detachment. This is be-
lieved to be an open door for treatment as performed in
neonates with ROP [6]. Anti-VEGF agents such as beva-
cizumab gained importance in fields such as cancer
treatment, intravitreal treatment of exudative age-related
macular degeneration and ROP [7]. It may also be bene-
ficial in cases of excessive pre-retinal neovascularization
in IP as the data available shows [6, 8]. Little is known,
though, about possible systemic adverse effects of anti-
VEGF treatment in a pediatric population.

Case presentation
The term-born female infant showed scaled skin lesions
suspect for IP at the age of 3 weeks of life after an un-
eventful pre-, peri- and postnatal phase. The infant was
formula fed and showed adequate weight gain. Eye
examination showed vast avascular areas and extraretinal
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proliferations which were more pronounced on the left
eye. These findings led to the diagnosis of IP, which in
the meantime has been genetically confirmed (heterozy-
gous mutation in the IKBKG gene). At the age of 6
weeks, the infant was referred to our hospital for further
treatment. Neither on admission nor during the length
of the hospital stay, CNS lesions were found in ultra-
sound examinations. Besides the mentioned scaled skin
lesions, the child’s physical examination revealed no
pathologies, abdominal palpation showed no tenderness
or intra-abdominal mass and auscultation revealed nor-
mal bowel sounds. Due to the retinal findings and
impending tractional retinal detachment with consecu-
tive amaurosis, an off-label treatment with intravitreal
bevacizumab (Avastin®) was performed in the left eye as
bevacizumab is known to block neoangiogenesis and
might stop a progressing retinopathy (see retinal findings
in Fig. 1a). Based on data from studies in the treatment
of ROP in preterm infants with bevacizumab, half of the
adult dose (625 μg) was once applied intravitreally into
the left eye [7, 9]. Subsequent retinal examinations, how-
ever, found aggravating neovascularization also of the
right eye which made panretinal laser photocoagulation
necessary 9 days after bevacizumab treatment of the left
eye. Unfortunately, the application of bevacizumab could
not prevent retinal detachment, which happened 8 days
after application. This led to amaurosis of the left eye
due to the extensive extraretinal proliferations already
present at the initial presentation of the patient at our
hospital. Post treatment fundus diagrams are attached as
Fig. 1b. On the right eye, visual acuity at last presenta-
tion (December 2018) was 0.4 (tested with the Lea
Hyvärinen optotypes), which is near-to-normal for chil-
dren of this age.
Six hours post intravitreal anti-VEGF treatment, the

infant presented with abdominal distension and bloody
stools as signs of an acute necrotizing enterocolitis.
Examination of the cardiovascular system showed no

abnormalities X-ray confirmed a distinct pneumatosis
intestinalis without signs for free abdominal air leaks
(Fig. 2a) corresponding to Bell stage IIa. The infant was
started on piperacillin, gentamicin and metronidazole as
well as a fully parenteral diet; she was cardiorespiratory
stable at all times without any respiratory support or the
need for vasopressors. Eight days after the intravitreal
treatment, the infant developed an acute abdomen with
silent murmurs, visible dilated bowel loops and abdom-
inal distension; the abdominal X-ray showed free ab-
dominal air (Fig. 2b) corresponding to Bell stage IIIb.
Besides a slightly altered coagulation (INR 1,7) and an
elevated C-reactive protein 10 h after the onset of gastro-
intestinal symptoms (max. 6,5 mg/dl), no abnormalities
were found in the blood tests, especially red and white
blood cell and platelet counts were normal.
In an immediate explorative laparoscopy, a pancolitis

and a single focal perforation near the base of the appen-
dix but no vascular malformations or malrotation were
detected. The appendix as well as the perforated part of
the coecum were removed. In total, 2.2 cm of intestine
was resected. Pathological examination showed the typ-
ical picture of necrotizing enterocolitis (NEC) but no
further gastrointestinal pathology (see Fig. 3). Postopera-
tive enteral feeding was uneventfully completed after 14
days. One year after the event the child shows normal
feeding and an adequate weight gain.
The short onset of gastrointestinal symptoms after in-

travitreal anti-VEGF application suggested a possible
link between the two. To investigate a possible adverse
drug effect, we compared serum VEGF levels before and
after bevacizumab application using ELISA (R&D Cat
No. DVE00) following the manufacturer’s instructions.
Serum samples from 1 day before the injection of beva-
cizumab, 6 and 9 h as well as 7, 8, 9, 12, 14, and 19 days
after the injection were available for analysis. Figure 4
shows a drastic decrease of serum VEGF concentrations
just hours after intravitreal application of bevacizumab

Fig. 1 a: Retinal findings of the left eye: avascular areas and distinct extraretinal proliferation in zone1 at fundoscopy. b: Retinal findings of the left
eye: retinal detachment due to progression of vitreo-retinal traction
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and only a slow recovery: 3 weeks after application the
concentration reached only a third of the baseline VEGF
concentration. The current standard dose of 625 μg bev-
acizumab used for ROP treatment in much younger in-
fants was thus sufficient to fully suppress endogenous
free serum VEGF for more than 3 weeks in our patient.

Discussion and conclusions
This is the first report of an infant with pathognomonic
skin lesions and ophthalmological complications of IP
that developed a NEC shortly after intravitreal applica-
tion of bevacizumab. As NEC has not been reported in
IP and is rarely seen in full-term infants and the onset of
symptoms was time-related to intravitreal anti-VEGF ap-
plication, we hypothesized a possible link between the
single intravitreal application of bevacizumab and the
development of the NEC/pancolitis as a systemic adverse
event of intravitreal application of bevacizumab.

There are numerous studies concerning intravenous ap-
plication of bevacizumab and other anti-VEGF agents
mainly used in cancer treatment [10, 11], which are consid-
ered safe and well tolerated in adult patients. Only few au-
thors report serious adverse events including hemorrhage,
arterial thromboembolic events and gastrointestinal infarc-
tion [12]. Intravitreal application of anti-VEGF agents is
common in the treatment of neovascular age-related macu-
lar degeneration, diabetic macular edema and other adult
retinal disorders. In these patients, reported adverse events
after intravitreal anti-VEGF treatment are rare [13, 14].
Only few reports of gastrointestinal complications such as
an acute abdomen after intravitreal application of anti-
VEGF drugs have been published [15, 16].
To our knowledge, this is the first report of an infant

with a time-related necrotizing enterocolitis following
intravitreal application of bevacizumab. Although some
authors report on decreases of VEGF serum levels after
the application of intravitreal bevacizumab or ranibizu-
mab in infants with ROP [17, 18], data on severe sys-
temic side-effects after intravitreal anti-VEGF
application in infants is scarce. Lately, concerns have
been raised regarding the systemic absorption of anti-
VEGF antibody after intravitreal injection in preterm in-
fants and its effect on developing tissues including the
CNS. One study, where preterm infants were treated
with intravitreal bevacizumab, postulated a higher rate
of severe neurodevelopmental disabilities in comparison
to laser treatment [19], a finding that could not be con-
firmed by another study [20]. Recently, the results of a
randomized, prospective, double-blind multi-center trial
investigating the safety and efficacy of different doses of
ranibizumab (another anti-VEGF antibody) in the ther-
apy of ROP were published and showed no systematical
alteration of VEGF plasma levels, which points towards
a limited systemic drug exposure after intravitreal ther-
apy with ranibizuma b[21]..

Fig. 2 a: Supine abdominal X-ray 6 hours after intra-vitreal application of bevacizumab. Intramural gas (pneumotosis intestinalis) in the large
bowel. b: Left lateral X-ray 8 days after intravitreal application of bevacizumab. Free air in the abdominal cavity, especially suprahepatic between
liver, abdominal wall and right hemidiaphragm

Fig. 3 Necrotic bowel wall with inflammatory reaction. Histology
was done at the time of intestinal perforation, which happened 8
days after the onset of NEC symptoms. HE stained,
40x magnification
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The patient reported here has IP as underlying disease.
As to the pathogenesis of many alterations in IP, inflam-
matory and vascular malfunction are believed to be pos-
sible causes of uveitis, retinal and cerebral bleeding,
mental retardation or ataxia [1, 2]. A gastric involvement
has not been reported so far. Similar to IP, inflammatory
and vascular malfunction are involved in the pathogenesis
of NEC [22]. NF-kB signaling, which is disturbed by
NEMO mutations in IP patients [3], is also found in the
gut epithelium. NEMO knock-out mice have a primary
gut epithelial defect resulting in an impaired integrity and
antimicrobial defense of the gut epithelium leading to in-
testinal inflammation [23]. Furthermore, NF-kB signaling
in intestinal epithelial cells emerges as a crucial factor for
maintaining homeostasis between commensal microflora
and host immunity in the gastrointestinal tract, and repre-
sents a critical determinant for prevention of gut inflam-
mation [23] which is postulated to be dysregulated in the
pathogenesis of NEC [22]. Thus, both pathologies in our
reported patient, the IP and the NEC are somehow related
to a disturbed NF-kB signaling. Whether the NEC has
been triggered through an already disturbed NF-kB path-
way in our patient remains speculation.
No recommendations for applying intravitreal anti-

VEGF drugs in preterm infants who sustained intestinal
injury, e.g. a necrotizing enterocolitis, have been made

so far as no information on possible adverse effects of
such substances to an immature and possibly already
damaged intestinal system is available. In a mouse model
and in human infants with NEC, VEGF in the intestines
is decreased [24]. Furthermore, lack of the VEGF recep-
tor 2 causes maldevelopment of the intestinal microvas-
culature and facilitates NEC in mice [25] and genetic
polymorphisms for VEGF is an independent risk factor
for NEC [26]. Vice versa VEGF overexpression seems to
be a promising approach in the management of NEC, as
demonstrated in a rat model [27].
This report is the first to describe a link between intra-

vitreal application of anti-VEGF treatment and time-
related development of NEC in an infant with IP. Since
drastically reduced VEGF serum concentrations were
found, a relation of the intravitreal application of bevaci-
zumab and the development of an ischemic intestinal in-
jury seems at least possible, however, based on a single
patient, a causative relationship remains speculation.
Therefore, anti-VEGF therapy in patients with already
altered intestinal epithelium or - as in our case - with a
possibly higher risk of NEC due to a changed NF-kB
pathway should be very well considered. Ranibizumab,
having a shorter half-life than becacizumab, may be the
agent of choice due to a reduced risk of systemic uptake
in such infants.

Fig. 4 Serum VEGF levels before and after bevacizumab showing a drastic suppression of VEGF serum concentration and a slow recovery that
has not reached the pre-application level after almost 3 weeks

Kunzmann et al. BMC Pediatrics          (2019) 19:353 Page 4 of 5



Abbreviations
CNS: central nervous system; IP: incontinentia pigmenti; NEC: necrotizing
enterocolitis; ROP: retinopathy of prematurity; VEGF: vascular endothelial
growth factor

Acknowledgments
Not applicable.

Authors’ contributions
SK, TN and KR conceptualized and designed this report, cared for the
patient, drafted the initial manuscript, and reviewed and revised the
manuscript. MMN, AS and JMW analyzed and interpreted the VEGF serum
concentrations and critically reviewed and revised the manuscript. CPS was
involved in the patient’s care, supervised data interpretation and critically
reviewed the manuscript for important intellectual content. All authors read
and approved the final manuscript.

Funding
This publication was funded by the German Research Foundation (DFG) and
the University of Wuerzburg in the funding programme Open Access
Publishing. The German Research Foundation was solely involved in
covering the publication costs.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Since this is a case report, the need for approval was waived.

Consent for publication
Written informed consent has been obtained of the patient’s parents, the
consent form is kept in the patient’s chart. If necessary, this consent form is
available for review.

Competing interests
AS has received speaker fees, travel reimbursement, consulting fees and
research grants from Novartis as well as speaker fees, travel reimbursement
and consulting fees from Bayer.
The other authors declare that they have no competing interests.

Author details
1Department of Neonatology and Pediatric Intensive Care Medicine,
Bürgerhospital Frankfurt am Main, Frankfurt, Germany. 2Children’s Hospital,
University of Würzburg, Würzburg, Germany. 3Department of
Ophthalmology, University Medicine Greifswald, Greifswald, Germany. 4Eye
Center, Medical Center, Faculty of Medicine, University of Freiburg, Freiburg,
Germany. 5European Foundation for the Care of Newborn Infants (EFCNI),
Munich, Germany. 6Eye Center, Medical Center, Faculty of Medicine,
University of Würzburg, Würzburg, Germany.

Received: 17 January 2019 Accepted: 20 September 2019

References
1. Phan TA, Wargon O, Turner AM. Incontinentia pigmenti case series: clinical

spectrum of incontinentia pigmenti in 53 female patients and their relatives.
Clin Exp Dermatol. 2005;30(5):474–80.

2. Landy SJ, Donnai D. Incontinentia pigmenti (Bloch-Sulzberger syndrome). J
Med Genet. 1993;30(1):53–9.

3. Smahi A, Courtois G, Vabres P, Yamaoka S, Heuertz S, Munnich A, Israel A, Heiss
NS, Klauck SM, Kioschis P, et al. Genomic rearrangement in NEMO impairs NF-
kappaB activation and is a cause of incontinentia pigmenti. The international
Incontinentia Pigmenti (IP) consortium. Nature. 2000;405(6785):466–72.

4. Berlin AL, Paller AS, Chan LS. Incontinentia pigmenti: a review and update
on the molecular basis of pathophysiology. J Am Acad Dermatol. 2002;
47(2):169–87 quiz 188-190.

5. O'Doherty M, Mc Creery K, Green AJ, Tuwir I, Brosnahan D. Incontinentia
pigmenti--ophthalmological observation of a series of cases and review of
the literature. Br J Ophthalmol. 2011;95(1):11–6.

6. Ho M, Yip WWK, Chan VCK, Young AL. Successful treatment of refractory
proliferative retinopathy of Incontinentia Pigmenti by intravitreal

Ranibizumab as adjunct therapy in a 4-year-old child. Retin Cases Brief Rep.
2017;11(4):352–5.

7. Sankar MJ, Sankar J, Chandra P. Anti-vascular endothelial growth factor
(VEGF) drugs for treatment of retinopathy of prematurity. Cochrane
Database Syst Rev. 2018;1:CD009734.

8. Shah PK, Bachu S, Narendran V, Kalpana N, David J, Srinivas CR: Intravitreal
bevacizumab for incontinentia pigmenti. J Pediatr Ophthalmol Strabismus
2013, 50 Online:e52-e54.

9. Mintz-Hittner HA, Kennedy KA, Chuang AZ. Efficacy of intravitreal
bevacizumab for stage 3+ retinopathy of prematurity. N Engl J Med. 2011;
364(7):603–15.

10. Kong DH, Kim MR, Jang JH, Na HJ, Lee S. A Review of Anti-Angiogenic
Targets for Monoclonal Antibody Cancer Therapy. Int J Mol Sci. 2017:18(8).

11. Battaglin F, Puccini A, Intini R, Schirripa M, Ferro A, Bergamo F, Lonardi S,
Zagonel V, Lenz HJ, Loupakis F. The role of tumor angiogenesis as a
therapeutic target in colorectal cancer. Expert Rev Anticancer Ther. 2018;
18(3):251–66.

12. Kamba T, McDonald DM. Mechanisms of adverse effects of anti-VEGF
therapy for cancer. Br J Cancer. 2007;96(12):1788–95.

13. Shima C, Sakaguchi H, Gomi F, Kamei M, Ikuno Y, Oshima Y, Sawa M,
Tsujikawa M, Kusaka S, Tano Y. Complications in patients after intravitreal
injection of bevacizumab. Acta Ophthalmol. 2008;86(4):372–6.

14. Dedania VS, Bakri SJ. Systemic safety of intravitreal anti-vascular endothelial
growth factor agents in age-related macular degeneration. Curr Opin
Ophthalmol. 2016;27(3):224–43.

15. Onoda Y, Shiba T, Hori Y, Maeno T, Takahashi M. Two cases of acute
abdomen after an intravitreal injection of bevacizumab. Case Rep
Ophthalmol. 2015;6(1):110–4.

16. Pepper AN, Valenzuela MO, Oller KL. Aortoduodenal fistula in a patient on
intravitreal bevacizumab injections: a case report. Am J Ther. 2015;22(3):e75–6.

17. Zhou Y, Jiang Y, Bai Y, Wen J, Chen L. Vascular endothelial growth factor
plasma levels before and after treatment of retinopathy of prematurity with
ranibizumab. Graefes Arch Clin Exp Ophthalmol. 2016;254(1):31–6.

18. Sato T, Wada K, Arahori H, Kuno N, Imoto K, Iwahashi-Shima C, Kusaka S.
Serum concentrations of bevacizumab (avastin) and vascular endothelial
growth factor in infants with retinopathy of prematurity. Am J Ophthalmol.
2012;153(2):327–33 e321.

19. Morin J, Luu TM, Superstein R, Ospina LH, Lefebvre F, Simard MN, Shah V,
Shah PS, Kelly EN. Neurodevelopmental Outcomes Following Bevacizumab
Injections for Retinopathy of Prematurity. Pediatrics. 2016:137, 4. https://doi.
org/10.1542/peds.2015-3218.

20. Kennedy KA, Mintz-Hittner HA. Medical and developmental outcomes of
bevacizumab versus laser for retinopathy of prematurity. J Aapos. 2018;22(1):
61–5 e61.

21. Stahl A, Krohne TU, Eter N, Oberacher-Velten I, Guthoff R, Meltendorf S, Ehrt
O, Aisenbrey S, Roider J, Gerding H, et al. Comparing alternative
Ranibizumab dosages for safety and efficacy in retinopathy of prematurity: a
randomized clinical trial. JAMA Pediatr. 2018;172(3):278–86.

22. Hackam D, Caplan M. Necrotizing enterocolitis: pathophysiology from a
historical context. Semin Pediatr Surg. 2018;27(1):11–8.

23. Nenci A, Becker C, Wullaert A, Gareus R, van Loo G, Danese S, Huth M,
Nikolaev A, Neufert C, Madison B, et al. Epithelial NEMO links innate
immunity to chronic intestinal inflammation. Nature. 2007;446(7135):557–61.

24. Sabnis A, Carrasco R, Liu SX, Yan X, Managlia E, Chou PM, Tan XD, De Plaen
IG. Intestinal vascular endothelial growth factor is decreased in necrotizing
enterocolitis. Neonatology. 2015;107(3):191–8.

25. Yan X, Managlia E, Liu SX, Tan XD, Wang X, Marek C, De Plaen IG. Lack of
VEGFR2 signaling causes maldevelopment of the intestinal microvasculature
and facilitates necrotizing enterocolitis in neonatal mice. Am J Physiol
Gastrointest Liver Physiol. 2016;310(9):G716–25.

26. Banyasz I, Bokodi G, Vasarhelyi B, Treszl A, Derzbach L, Szabo A, Tulassay T,
Vannay A. Genetic polymorphisms for vascular endothelial growth factor in
perinatal complications. Eur Cytokine Netw. 2006;17(4):266–70.

27. Karatepe HO, Kilincaslan H, Berber M, Ozen A, Saricoban HE, Ustek D, Kemik
AS, Adas M, Bakar F. The effect of vascular endothelial growth factor
overexpression in experimental necrotizing enterocolitis. Pediatr Surg Int.
2014;30(3):327–32.

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

Kunzmann et al. BMC Pediatrics          (2019) 19:353 Page 5 of 5

https://doi.org/10.1542/peds.2015-3218
https://doi.org/10.1542/peds.2015-3218

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

