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Horseshoe Kidney as a New Anomaly in
Pagod Syndrome: Case Report

Pagod Sendromunda Yeni Bir Bulgu:
Atnal1 Bobrek Anomalisi

ABSTRACT PAGOD Syndrome is a rare condition with multiple congenital anomalies associated
with very high mortality. Here, we present an infant who was born from 21 years old mother on
the 37" week of gestation by caesarean-section. Physical examination of the patient revealed an
omphalocele sac, small rib cage, asymmetry between the hemithoraces, cleft palate. The heart was
in the epigastric region, and the pulmonary arteries were hypoplasic on the echochardiografic ex-
amination. The patient died in the sixteenth hour of life. On autopsy there were no ovaries, and she
had horseshoe kidneys. Her cytogenetic analysis result was 46,XX. This is one of the rarely seen
PAGOD Syndrome cases in the literature and it differs from the others with the existence of horse-
shoe kidney. It is also important as being the first case reported from Turkey.

Key Words: Hernia, umbilical; dextrocardia; Kennerknecht Sorgo Oberhoffer syndrome

OZET PAGOD Sendromu yiiksek mortalite ile seyreden ve az goriilen konjenital anomalidir. Biz
bu olgu raporunda 21 yasinda annenin 37. gebelik haftasinda sezaryen ile dogan kiz bebegini sun-
duk. Hastanin fizik muayenesinde omfalosel kesesi, kiigiik bir gogiis kafesi, hemitorakslar arasinda
asimetri, yartk damak mevcuttu. Yapilan ekokardiyografi sonucunda hastanin kalbi epigastrik bél-
gede ve pulmoner arterleri hipoplastik olarak tespit edildi. On alt1 saat sonunda hasta kaybedildi.
Yapilan otopsi sonucunda hastanin overlerinin olmadig: ve atnali bébrek anomalisi bulundugu sap-
tandi. Yapilan sitogenetik analiz sonucu 46,XX idi. Sundugumuz olgu, literatiirde son derece az say-
1da izlenen PAGOD anomalilerinden biri olmakla birlikte atnali bobrek anomalisinin eslik ettigi ve
Tiirkiye'den bildirilen ilk vaka olmas1 agisindan anlamhidir.

Anahtar Kelimeler: Fitik, umbilikal; dekstrokardiya; Kennerknecht Sorgo Oberhoffer sendromu
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AGOD syndrome is a rare condition with multiple congenital anom-

alies and is associated with very high mortality. Its aetiology and in-

cidence are not well known.! In this report, we present a case of
PAGOD syndrome with a new finding: the horseshoe kidney.

I CASE REPORT

A female patient was born to a 21-year-old mother whose pregnancy his-
tory was gravidity 2, parity 1. The patient was delivered by Caesarean sec-
tion (C/S) on the 37" week of gestation and weighed 2.625 g, the C/S
indication was the anomalic fetus. Except for the abortion of her first preg-
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nancy, the mother had an unremarkable history.
However, the parents were cousins. The father was
29 years old and had no significant health prob-
lems. The Apgar scores were 5 and 6, on the 1* and
5% minutes respectively. The patient was intubated
and admitted to the neonatal intensive care unit
(NICU). An omphalocele sac, a small rib cage, and
asymmetry between the hemithoraces were noted
on physical examination. The patient’s legs
changed position from the hip through the back
with a hyperextension posture, and the right knee
joint was immobile. The length of the right leg was
measured 17.5 cm; the left leg was 21 cm. There
was clubfoot on the right foot (Figure 1). Pheno-
typically, the patient looked like a female, but the
labia majora were immature, and located proxi-
mally from the expected position.

The x-ray showed kyphoscoliosis, tightened
rib cage, and because of the anatomic limitations,
reduced lung volume (Figure 2). Echocardiography
demonstrated that the heart was in the epigastric
region and the apex of the heart was located hori-
zontally. The left ventricle was smaller than the
right one, the right ventricular outflow tract was
narrowed because of muscular bands, and the pul-
monary artery branches were hypoplasic. Cytoge-
netic analysis showed 46,XX and no significant
genetic defect was detected. An autopsy revealed
that sensory organs had completed their matura-

FIGURE 1: The appearance of the baby with PAGOD syndrome.
(See for colored form http://pediatri.turkiyeklinikleri.com/)
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FIGURE 2: The X-ray graphy of the baby.

FIGURE 3: The autopsy view of the horse shoe kidney.
(See for colored form http:/pediatri.turkiyeklinikleri.com/)

tions and there was an omphalocele sac measuring
13x9x7 cm in the abdominal region. In the genital
region, the patient also had anomalies, such as im-
mature labia majora, that made the external female
genitalia different. In addition, no ovarian tissue
was detected. The liver, spleen, stomach, and in-
testines were inside the omphalocele sac when dis-
sected. Opening the thorax revealed the lungs to be
hypoplasic, and the left hemithorax was narrower
than the right one. The right and left lungs
weighed 7 grams and 5 grams, respectively. The
thymus was reported to be 5 grams in weight. The
patient also had horseshoe kidneys, and there were
no other concomitant renal anomaly (Figure 3).

An informed consent was given by the parents
of the baby.
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I DISCUSSION

PAGOD syndrome is a rare condition character-
ized by multiple congenital anomalies, including
pulmonary artery and lung hypoplasia, agonadism,
diaphragmatic abnormalities, cardiac defects, om-
phalocele, and various genital anomalies. The first
cases for two phenotypic sisters with genetic
analyses of 46,XY and 46,XX with the anomalies
identified above were reported in 1993. The
acronym, PAGOD, was then suggested, standing
for [hypoplasia of the] lung and pulmonary artery,
agonadism, omphalocele/diaphragmatic defect,
and dextrocardia. The occurrence of a similar set
of malformations in twins of the opposite sex is
interpreted as evidence for autosomal recessive
inheritance.? In our region, consanguineous mar-
riages are common and, in this case report, the par-
ents were cousins, so that this might be a clue for
autosomal recessive inheritance. The ninth case of
PAGOD syndrome in the literature was only re-
ported in 2007, which clearly emphasizes the rar-
ity of this syndrome.? A case report published in
2002 emphasised that the condition might resem-
ble the malformation complex associated with a
developmental deficiency that results from a lack
of vitamin A or retinoic acid, as described in ani-
mal models.! There may be an association between
PAGOD syndrome and vitamin A deficiency. Also,
in a case report of PAGOD syndrome that was
published in 2009, the patient’s free vitamin A
level was low, but the maternal plasma vitamin A
level was normal. It is known that, during preg-
nancy, maternal vitamin A is taken up by retinol
binding protein 4 (RBP4), which is expressed in
the embryonic visceral endoderm from pregastru-
lational stages. The transport is mediated through
the specific membrane receptor for RBP and stim-
ulated by retinoic acid 6 (STRA6), which is ex-
pressed in human organ systems and includes the
placenta during embryonic development. Muta-
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tions in the STRA6 gene cause Matthew-Wood
syndrome, which demonstrates a significant phe-
notypic overlap with PAGOD syndrome. In the
case report, no mutations were detected and, as a
hypothesis, a metabolic defect resulting from vita-
min A deficiency, where transport is not mediated
by the STRAG6 receptor, might have played an ae-
tiological role in the development of this syn-
drome of multiple congenital anomalies.* Vitamin
A deficiency (VAD) during pregnancy has been
shown to be associated with a decrease in nephron
number and kidney weight of the offspring. In re-
cent studies, maternal VAD during pregnancy has
been shown to decrease renal size in the infant at
birth.5 It is also reported that renal tRA/RAR ac-
tivity is confined to the ureteric bud (UB) and col-
lecting duct (CD) cell lineage, suggesting that
endogenous tRA/RARs primarily act through reg-
ulating gene expression in these cells in embryonic
and adult kidney, respectively.® Since we here re-
port the concomitant renal anomaly with PAGOD
Syndrome, this may partially support the hypoth-
esis of VAD may result with renal anomaly. Since
our patient lived only 16 hours, we could not ob-
tain blood samples for vitamin A levels. A spheri-
cal spleen had already been shown as a new and
additional finding in a case report in the litera-
ture.” However, in this case, we added another
new finding: a horseshoe kidney. Horseshoe kid-
ney is a fusion defect of the kidney that has an in-
cidence of approximately 1:400, and one-third of
the patients with horseshoe kidney have other
urogenital, gastrointestinal, skeletal, cardiac, or
pulmonary anomalies.®'® As a result, our report
not only shows a case of PAGOD syndrome, which
is rarely seen in the literature, but identifies horse-
shoe kidney as a new coexisting anomaly in this
syndrome. This case is also important since it is the
first to be reported from Turkey. Further genetic
studies should be performed in order to explain the
aetiology of PAGOD syndrome.

47



Onur BALCI et al.

HORSESHOE KIDNEY AS A NEW ANOMALY IN PAGOD SYNDROME: CASE REPORT

48

Macayran JF, Doroshow RW, Phillips J, Sinow
RM, Furst BA, Smith LM, et al. PAGOD syn-
drome: eighth case and comparison to animal
models of congenital vitamin A deficiency. Am
J Med Genet 2002;108(3):229-34.

Kennerknecht |, Sorgo W, Oberhoffer R,
Teller WM, Mattfeldt T, Negri G, et al. Famil-
ial occurrence of agonadism and multiple in-
ternal malformations in phenotypically normal
girls with 46,XY and 46,XX karyotypes, re-
spectively: a new autosomal recessive syn-
drome. Am J Med Genet 1993;47(8):1166-
70.

Kim JB, Park JJ, Ko JK, Goo HW, Kim YH,
Park IS, et al. A case of PAGOD syndrome
with hypoplastic left heart syndrome. Int J Car-
diol 2007;114(2):270-1.

I REFERENCES

Gavrilova R, Babovic N, Lteif A, Eidem B, Kir-
mani S, Olson T, et al. Vitamin A deficiency in
an infant with PAGOD syndrome. Am J Med
Genet A 2009;149A(10):2241-7.

El-Khashab EK, Hamdy AM, Maher KM,
Fouad MA, Abbas GZ. Effect of maternal vi-
tamin A deficiency during pregnancy on
neonatal kidney size. J Perinat Med 2012
Sep 5. pii: /j/jpme.ahead-of-print/jpm-2012-
0026/jpm-2012-0026.xml. doi: 10.1515/jpm-
2012-0026.

Wong YF, Wilson PD, Unwin RJ, Norman JT,
Arno M, Hendry BM, et al. Retinoic acid re-
ceptor-dependent, cell-autonomous, endoge-
nous retinoic acid signaling and its target
genes in mouse collecting duct cells. PLoS
One 2012;7(9):e45725.

7.

10.

Herman TE, McAlister WH, Stazzone MM.
PAGOD syndrome: a new abdominal finding
and risk of sudden death. J Perinatol
2005;25(5): 349-51.

Glodny B, Petersen J, Hofmann KJ, Schenk
C, Herwig R, Trieb T, et al. Kidney fusion
anomalies revisited: clinical and radiological
analysis of 209 cases of crossed fused ectopia
and horseshoe kidney. BJU Int 2009;
103(2):224-35.

Cook WA, Stephens FD. Fused kidneys: mor-
phologic study and theory of embryogenesis.
Birth Defects Orig Artic Ser 1977;13(5):327-
40.

Boatman DL, Kélin CP, Flocks RH. Congeni-
tal anomalies associated with horseshoe kid-
ney. J Urol 1972;107(2):205-7.

Turkiye Klinikleri J Pediatr 2013;22(1)



