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Caudal regression syndrome type 1 
with minimally invasive computed tomography 
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Abstract 

Background  Caudal regression syndrome is a rare complex congenital anomaly with reduced penetrance and phe-
notypic variability characterized by osseous defects of the caudal spine, lower limb anomalies, and accompanying 
genitourinary, gastrointestinal/anorectal, and cardiac system soft tissue defects. We report a rare presentation of type 
1 caudal regression syndrome in a pregnant woman with preexisting diabetes, in which early recognition of severe 
fetal anomalies on routine antenatal ultrasound facilitated confirmation with fetal magnetic resonance imaging 
to characterize extent of disease and prognosticate fetal outcome.

Case presentation  This case of type 1 caudal regression syndrome in the setting of maternal pregestational diabetes 
mellitus resulted in stillbirth. The mother was a 29-year-old Caucasian primigravida female with past medical history 
of poorly controlled type 2 diabetes managed with metformin prior to pregnancy, prompting admission for glu-
cose management and initiation of insulin at 13 weeks. Baseline hemoglobin A1c was high at 8.0%. Fetal ultrasound 
at 22 weeks was notable for severe sacral agenesis, bilateral renal pelvis dilatation, single umbilical artery, and pul-
monary hypoplasia. Fetal magnetic resonance imaging at 29 weeks showed absent lower two-thirds of the spine 
with corresponding spinal cord abnormality compatible with type 1 caudal regression syndrome. The mother deliv-
ered a male stillborn at 39 and 3/7 weeks. Minimally invasive postmortem magnetic resonance imaging and com-
puted tomography autopsy were performed to confirm clinical findings when family declined conventional autopsy. 
Etiology of sacral agenesis was attributed to poorly controlled maternal diabetes early in gestation.

Conclusion  Maternal preexisting diabetes is a known risk factor for development of congenital malformations. This 
rare case of type 1 caudal regression syndrome in a mother with preexisting diabetes with elevated hemoglobin A1c 
highlights the importance of preconception glycemic control in diabetic women and the utility of fetal magnetic 
resonance imaging for confirmation of ultrasound findings to permit accurate prognostication. Additionally, minimally 
invasive postmortem magnetic resonance imaging and computed tomography autopsy can facilitate diagnostic 
confirmation of clinical findings in perinatal death due to complex congenital anomalies while limiting the emotional 
burden on bereaved family members who decline conventional autopsy.
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Background
Caudal regression syndrome was first described by Geof-
froy Saint-Hilaire and Hohl in 1852 as a rare congenital 
disease with unclear etiology. The exact cause of caudal 
regression syndrome remains unknown, although it is 
likely multifactorial with genetic and environmental fac-
tors playing a role. The incidence of caudal regression 
syndrome has been estimated to affect 1 in 5 per 100,000 
live births, but is much more common in infants born 
to diabetic mothers with 16–22% of cases associated 
with maternal diabetes [1]. Caudal regression syndrome 
involves developmental  abnormalities  of  structures 
derived from the caudal eminence prior to 4 weeks ges-
tation resulting in a wide spectrum of anorectal, spinal, 
and visceral anomalies [2] and is graded by severity into 
two main groups or types [3]. Type 1 is more severely 
affected with the conus ending cephalic to the lower bor-
der of the L1 vertebrae, leaving a high-lying club-shaped 
cord terminus and a sacral deficit at or above the S1 
vertebrae. In type 2, the conus ends caudal to the lower 
border of the L1 vertebrae, and the sacrum tends to be 
well preserved with identifiable portions of lower verte-
brae, although tethering of the spinal cord is more com-
mon in those cases. The abrupt spinal cord termination 
above L1 in type 1 caudal regression syndrome is asso-
ciated with sacral dysgenesis and usually presents with 
motor weakness and severe bowel and bladder dysfunc-
tion in affected children [3]. Surviving children with 
type 1 caudal regression syndrome generally exhibit nor-
mal intelligence but may have significant motor deficits 
due to morbidities including dislocation of hips, pelvic 
deformities, flexion contractures of the knee joints, and 
talipes equinovarus (clubfeet). Due to multiorgan system 
involvement in severely affected patients, a multidiscipli-
nary approach to management of type 1 caudal regres-
sion syndrome is necessary with delivery at a tertiary care 
center with access to pediatric subspecialists. For surviv-
ing infants, outpatient follow up may include a variety of 
pediatric specialists, including but not limited to physi-
cal medicine and rehabilitation, neurology, neurosurgery, 
urology, and orthopedics. Associated organ system dys-
function varies but may include respiratory failure and 
cardiac anomalies in some cases.

This is a  case report  of a  woman with poorly con-
trolled diabetes presenting  during early  pregnancy  ulti-
mately  delivering a stillborn infant with type 1 caudal 
regression syndrome. In this case, early recognition of 
caudal regression syndrome on routine antenatal ultra-
sound facilitated confirmation with fetal magnetic reso-
nance imaging (MRI) to characterize the extent of disease 
and to prognosticate fetal outcome. Following intrauter-
ine fetal demise, minimally invasive computed tomog-
raphy (CT) and magnetic resonance imaging autopsy 

confirmed clinical findings while minimizing emotional 
distress for the bereaved parents who declined conven-
tional autopsy.

Case presentation
A 29-year-old primigravida Caucasian female with a past 
medical history significant for short stature, tobacco use, 
and poorly controlled pregestational type 2 diabetes mel-
litus (DM) presented to clinic for routine antenatal care. 
She was first diagnosed with diabetes mellitus at age 22 
and managed with metformin prior to pregnancy with a 
history of poor glycemic control. She was transitioned to 
glyburide 5  mg twice daily by her obstetrician and sub-
sequently increased to 10  mg twice daily secondary to 
continued elevated blood glucose levels  (fasting ranged 
from 78 to 113  mg/dl and 2-hour post prandial ranged 
from 97 to 332 mg/dl). At 13 and 3/7 weeks of pregnancy, 
the patient was admitted for tighter blood glucose man-
agement, initiation of insulin, and a dietician consult to 
achieve improved control of glucose levels. A baseline 
hemoglobin A1c was obtained on admission and noted 
to be high at 8%. Previous maternal hemoglobin A1c 
levels were not reported. Antenatal fetal ultrasound at 
22 weeks was notable for severe sacral agenesis, bilateral 
renal pelvis dilatation, single umbilical artery, and find-
ings suggestive of pulmonary hypoplasia. The patient 
was referred to a tertiary care fetal and neonatal medi-
cine center in the USA for further evaluation, and fetal 
magnetic resonance imaging (MRI) was recommended 
for confirmatory testing. Fetal MRI at 29 weeks gestation 
showed absence of the lower two-thirds of the spine with 
corresponding spinal cord abnormality compatible with 
type 1 caudal regression syndrome (Fig.  1a) with noted 
horseshoe kidneys (Fig. 1b). No fetal cardiac anomaly was 
detected. Fetal anomalies were likely secondary to poorly 
controlled diabetes during early pregnancy. There was no 
significant family history.

The mother was counseled extensively by maternal 
fetal medicine and neonatology that the infant’s progno-
sis was extremely guarded given the severe spinal cord 
anomaly and possible pulmonary hypoplasia with sub-
stantial risk of intrauterine fetal demise (IUFD), perinatal 
death, or paraplegia/quadriplegia in a surviving infant. 
The mother was offered additional confirmatory genetic 
testing, which she declined. After extensive counseling 
and discussion of options, which included termination 
of pregnancy, early induction of labor for provision of 
comfort care, or continuation of pregnancy to term, the 
mother opted to continue the pregnancy. She chose to 
pursue a plan for induction of labor at term (~ 39 weeks) 
with goal of respiratory resuscitation of the infant and 
admission to the neonatal intensive care unit (NICU) for 
stabilization if the infant was viable. She was followed 
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closely throughout the remainder of her pregnancy by 
maternal–fetal medicine (MFM) and the fetal neona-
tal medicine center. She continued to return for regular 
obstetric care for the next 10 weeks with close attention 
to fetal growth and glucose control. On return obstetric 
follow up at 37 weeks gestation, the patient’s glucose log 
showed improved glycemic control with fasting glucose 
levels < 90  mg/dL and 2-hour postprandial values typi-
cally < 120  mg/dL. She was seen by her obstetrician at 
39 and 0/7 weeks, at which time there was normal fetal 
movement and offered induction of labor. She chose 
to schedule an induction of labor at 39 and 3/7  weeks. 
Unfortunately, when she presented to labor and deliv-
ery for her scheduled induction, antenatal ultrasound 
showed low amniotic fluid index (AFI) and absent fetal 
heart tones consistent with intrauterine fetal demise. 
Labor was medically induced with subsequent vaginal 
delivery of a stillborn male.  Evaluation of the newborn 
demonstrated normal facies and upper extremities, with 
normal chest to 2  cm below nipple line and bony spine 
palpable to approximately the lower two-thirds. No fur-
ther bony spine was palpable. Feet and legs were present 
but very small, as was the abdomen, and a left club foot 
deformity was noted. The baby was small for gestational 
age with a birth weight of 2070 g, which is less than the 
first  percentile with a Z score of −  3.3 according to the 
Fenton growth chart. Postnatal cytogenetics confirmed a 
normal male 46 XY karyotype.

The family declined autopsy, so a minimally inva-
sive autopsy was performed. Postmortem MRI con-
firmed findings of severe caudal agenesis and abrupt cord 
termination (Fig.  2). Several skeletal abnormalities were 

visualized on the corresponding CT autopsy (Fig. 3). The 
infant was in a frog-like position with flexion and abduc-
tion  at the  hips  and flexion at the knees. Bilateral iliac 

Fig. 1  A Fetal magnetic resonance imaging at 29 weeks gestation. Sagittal spine T2 Haste sequence on the fetal MRI shows absence of the lower 
two-thirds of the spine (arrow) and spinal cord abnormality in the fetus. B Fetal magnetic resonance imaging at 29 weeks gestation. Coronal spine 
T2 Haste sequence shows horseshoe kidneys (arrow)

Fig. 2  Postmortem MRI autopsy of the stillborn male. T2 WI sequence 
shows truncated spinal cord (arrow), vertebral column terminating 
at T7 vertebra (arrow head), and horseshoe kidneys (double arrows)
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wings were hypoplastic and closely approximated at mid-
line secondary to sacral  agenesis. Other deformities 
included a single umbilical artery, horseshoe kidneys 
(Fig.  2), a left talipes equinovarus deformity, and eight 
bilateral thoracic ribs (Fig. 3).

Discussion and conclusion
We present a case of type 1 caudal regression syndrome 
with a single umbilical artery diagnosed on antenatal 
ultrasound and fetal MRI, supported by postmortem MRI 
and CT autopsy findings. Caudal regression syndrome 
is a rare congenital anomaly that results  from  abnor-
mal development of the caudal aspect of the spinal cord 
and vertebral column. The syndrome occurs due to defec-
tive neuralization of the mid-posterior axial mesoderm at 
approximately 4 weeks gestational age [4].

Although Geoffroy Saint-Hilaire and Hohl are cred-
ited with first describing the rare congenital disease we 
now know as caudal regression syndrome, it was Ber-
nard Duhamel who coined the term “caudal regres-
sion syndrome” used today. He established the term in 
the 1960s to encompass a wide spectrum of congeni-
tal malformations including sacrococcygeal anomalies, 
anorectal anomalies, genitourinary anomalies,  visceral 
anomalies, and anomalies of the hind limbs [5]. The most 
severe form of the spectrum was thought to be  sire-
nomelia,  where the  lower limbs are fused, resembling a 
mermaid.  This is argued against by  Twickler et al.,  who 
proposed that sirenomelia is due to an abnormal vascular 

pattern caused by  an  single aberrant umbilical artery 
derived from the vitelline artery, leading to hypoper-
fusion of the caudal portion of the fetus and severe 
ischemia [6]. Our presented case had a single umbilical 
artery on the ultrasound, but the course of the artery was 
not recognized as aberrant.

Caudal regression syndrome has been associated with 
poorly controlled maternal  diabetes due to the terato-
genic effects of the maternal diabetic mileau on the devel-
oping embryo, although the precise mechanism of action 
is not known[7]. Insulin-dependent diabetic women 
are 200 to 400 times more likely to develop a fetus with 
caudal regression syndrome than a nondiabetic mother, 
although the incidence of developing the syndrome in 
diabetic mothers  is decreased  with adequate control of 
diabetes before and during conception, especially dur-
ing the first few weeks of gestation [1, 7]. In our case, the 
mother had uncontrolled type 2 diabetes preconception, 
initially diagnosed 7 years prior to pregnancy.

Based on the position of the conus, patients with cau-
dal regression syndrome are classified into two types 
[3]. Type 1 is the more severe form of caudal dysgenesis 
with a  club-shaped,  high-lying conus that  terminates 
above the lower border of the L1 vertebrae. Type 2 cau-
dal regression syndrome is  less severe with a  low-lying, 
tapered conus that terminates below the lower bor-
der of the  L1 vertebrae [3]. The  presented case showed 
absence of the lower two-thirds of the spine with the 
caudal  cord terminating at the thoracic spine level on 
the fetal MRI consistent with type 1. It is  important  to 
determine corresponding  soft tissue and visceral abnor-
malities  associated  with  caudal regression syndrome to 
assess severity of disease and guide  treatment planning. 
In our case, the extent of the syndrome was severe, with 
the fetal and postmortem MRI showing multiple associ-
ated abnormalities including decreased number of verte-
brae, horseshoe kidneys, and fusion of the iliac wings. No 
cardiac anomalies or facial dysmorphisms were noted in 
this small-for-gestational-age infant, although the lower 
limbs were noted to be small with a talipes equinovarus 
deformity of the left lower extremity.

The application of postmortem CT and MRI has been 
increasing in the field of forensic medicine. Meticulous 
postmortem whole-body analysis in multiple planes with 
improved image quality is currently feasible with con-
tinuous advancements in CT and faster MRI sequences 
[8]. Routine autopsy was not performed to confirm find-
ings, as this was declined by the parents due to the emo-
tional burden it presented to the family. Postmortem CT 
and MRI autopsy were therefore used as an alternative as 
they provided sufficient diagnostic information in a mini-
mally invasive manner. The club-shaped appearance of 
the spinal cord and the horseshoe kidneys were better 

Fig. 3  Postmortem computed tomography of the stillborn male. 
3D image shows flexion and abduction at the hip with flexion 
at the knees (dotted arrows), left club foot (arrow), and hypoplastic 
iliac wings (arrow heads)
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visualized on the postmortem MRI (Fig. 2). Postmortem 
CT demonstrated an accurate vertebral and rib count, 
showing the presence of seven thoracic rib-bearing ver-
tebrae, and the eighth pair of ribs fusing at midline below 
the seventh  vertebral body (Fig.  3). Postmortem CT 
with 3D reconstruction showed the baby in a frog-like 
position (flexion and abduction at the hip, flexion at the 
knees), with a left club foot and hypoplastic iliac wings 
fused in the midline (Fig. 3). The mother consented to the 
case report but declined to comment further on her clini-
cal experience.

Maternal preexisting diabetes is a known risk factor 
for development of congenital malformations with tera-
togenic effects on multiple organ systems, although the 
precise mechanism remains incompletely understood. 
This rare case of type 1 caudal regression syndrome in a 
mother with preexisting diabetes with elevated baseline 
hemoglobin A1c highlights the importance of precon-
ception glycemic control in diabetic women. This case 
also illustrates the utility of fetal MRI for confirmation of 
ultrasound findings to permit accurate prognostication, 
and the effective use of minimally invasive postmortem 
MRI and CT autopsy as a compelling alternative to non-
forensic autopsy to facilitate diagnostic confirmation of 
clinical findings in perinatal death due to complex con-
genital anomalies, while limiting the emotional burden 
on bereaved family members who decline conventional 
autopsy.

Abbreviations
MFM	� Maternal–fetal medicine
OB	� Obstetric
MRI	� Magnetic resonance imaging
CT	� Computed tomography
DM	� Diabetes mellitus
IUFD	� Intrauterine fetal demise
NICU	� Neonatal intensive care unit
AFI	� Amniotic fluid index

Acknowledgements
Not applicable.

Author contributions
MA participated in figure preparation and was a major contributor in writ-
ing the manuscript. CD participated in figure preparation and writing the 
manuscript. SB provided expertise regarding all fetal and postnatal imaging 
of the patient, as well as supervision and editorial skills. RMB collected and 
interpreted patient data regarding caudal regression syndrome type 1 and 
maternal clinical course and was a major contributor to writing and editing 
the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Need for IRB approval was waived for this retrospective case report.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare they have no competing interests.

Author details
1 Department of Diagnostic Radiology, Nuclear Medicine, Rush University 
Medical Center, Chicago, IL 60612, USA. 2 Division of Neonatology, Department 
of Pediatrics, Rush University Medical Center, 1653 West Congress Parkway, 
Suite 358 Pavilion, Chicago, IL 60612, USA. 

Received: 6 February 2023   Accepted: 18 October 2023

References
	1.	 Boulas MM. Recognition of caudal regression syndrome. Adv Neonatal 

Care. 2009;9(2):61–9. https://​doi.​org/​10.​1097/​ANC.​0b013​e3181​9de44f.
	2.	 Singh SK, Singh RD, Sharma A. Caudal regression syndrome–case report 

and review of literature. Pediatr Surg Int. 2005;21(7):578–81. https://​doi.​
org/​10.​1007/​s00383-​005-​1451-4.

	3.	 Moore KR, Barkovich AJ, Grant E, Jones BV et al. Diagnostic imaging: pedi-
atric neuroradiology E-book 3rd Edition. Elsevier Health Sciences, 2019

	4.	 Bhatt S, Tandon A, Singh AK, Manchanda S, Jain S, Meena N. Caudal 
regression syndrome: a case study with associated review of common 
differential diagnoses made with antenatal sonography. J Diagn Med 
Sonogr. 2016;33(2):130–3. https://​doi.​org/​10.​1177/​87564​79316​677012.

	5.	 Duhamel B. From the mermaid to anal imperforation: the syndrome of 
caudal regression. Arch Dis Child. 1961;36(186):152. https://​doi.​org/​10.​
1136/​adc.​36.​186.​152.

	6.	 Twickler D, Budorick N, Pretorius D, Grafe M, Currarino G. Caudal 
regression versus sirenomelia: sonographic clues. J Ultrasound Med. 
1993;12(6):323–30. https://​doi.​org/​10.​7863/​jum.​1993.​12.6.​323.

	7.	 Chen CP, Chen CY, Lin CY, Shaw SW, Wang W, Tzen CY. Prenatal diagnosis 
of concomitant alobar holoprosencephaly and caudal regression syn-
drome associated with maternal diabetes. Prenat Diagn. 2005;25(3):264–
6. https://​doi.​org/​10.​1002/​pd.​1107.

	8.	 O’Donnell C, Woodford N. Post-mortem radiology—a new sub-speciality? 
Clin Radiol. 2008;63(11):1189–94. https://​doi.​org/​10.​1016/j.​crad.​2008.​05.​
008.

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

https://doi.org/10.1097/ANC.0b013e31819de44f
https://doi.org/10.1007/s00383-005-1451-4
https://doi.org/10.1007/s00383-005-1451-4
https://doi.org/10.1177/8756479316677012
https://doi.org/10.1136/adc.36.186.152
https://doi.org/10.1136/adc.36.186.152
https://doi.org/10.7863/jum.1993.12.6.323
https://doi.org/10.1002/pd.1107
https://doi.org/10.1016/j.crad.2008.05.008
https://doi.org/10.1016/j.crad.2008.05.008

	Caudal regression syndrome type 1 with minimally invasive computed tomography and magnetic resonance imaging autopsy: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion and conclusion
	Acknowledgements
	References


