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an abnormal child. Madan K et al reported out of 50 cases 
of paracentric inversion, 34 were familial with one or more 
phenotypically normal carriers in the family.1) Most paracentric 
inversions are likely to be harmless, but due to breakpoint 
variation or recombination, various clinical phenotypes are 
seen.5-7) Paracentric inversions can cause infertility, recurrent 
spontaneous abortion,8, 9) or abnormal children which includes 
mental retardation or microcephaly.10)

We report a prenatally detected case of familial chromosome 
18 paracentric inversion with normal clinical features (Fig. 1).

Case Report

A 38-year-old multigravida pregnant woman was referred to 
our department from a local clinic at 18.6 weeks gestation for 
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Paracentric inversion of chromosome 18 is a rare cytogenetic abnormality. The vast majority of paracentric inversions are 
harmless and the offspring of paracentric inversion carriers have only slightly elevated risks for unbalanced karyotypes. 
However, various clinical phenotypes are seen due to breakpoint variation or recombination. We report a prenatally detected 
case of familial paracentric inversion of chromosome 18, inv(18)(q21.1q22), with normal clinical features.
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Introductions

The presence of a chromosome inversion usually does not 
increase the risk of phenotypic abnormality resulting in the birth of 
an abnormal child. However, meiotic crossing over in the inverted 
segment may cause chromosomally unbalanced gametes.1) The 
risk of chromosome imbalance depends on the chances of pairing 
and crossing over occurring within the inverted segment, which is 
proportional to the length of the inverted segment.2, 3) In rare cases, 
chromosomally unbalanced gametes from certain paracentric 
inversion heterozygotes may result in a recognized pregnancy that 
ends in spontaneous abortion or an abnormal child.4)

Diagnosing unbalanced recombinant chromosome can be 
difficult due to the variety of unpredictable unbalanced chro
mosome products that can result from paracentric inversion. 
Carriers of paracentric inversions have a low risk for having 
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an abnormal fetal karyotype. The karyotype 46,XX,add(18) was 
found during antenatal diagnosis with amniocentesis performed at 
a local clinic and was due to advanced maternal age. Amniocentesis, 
cytogenetic evaluation of the family, and high resolution ultraso
nography of the fetus were planned. 

The amniocentesis was performed and the chromosome analysis 
documented a paracentric inversion of chromosome 18 with 
breakpoints at q21.1 and q22: 46,XX,inv(18)(q21.1q22) at the 
550-band levels. The mother, father, maternal grandmother, and 

maternal grandfather underwent high-resolution chromosomal 
analysis using peripheral blood at the 700-850-band levels by 
GTL-band and RBG-band.  Chromosome studies showed that the 
inversion was also found in the mother and maternal grandmother 
of the fetus as 46,XX,inv(18)(q21.1q22.1) (Fig. 2) and they were pheno
typically normal. The father and grandfather showed a normal 
karyotype.

We were unable to perform the molecular cytogenetic analysis of 
the mother’s brother and we could not confirm the karyotype. The 
high-resolution ultrasonography performed at 20.7 weeks showed 
normal findings. Medical geneticists provided genetic counseling to 
the family. The family was informed of the characteristics, prognosis, 
and management of paracentric inversions, and that they usually 
show good prognosis except for those with secondary rearrangements 
with deletions at the inversion site. 

The baby was born at 37.8 weeks by lower segment cesarean 
section due to a previous cesarean section. The newborn was 
female and had a birth weight of 2,800 g. The baby showed good 
activities and crying. She had a normal appearance and nonspecific 
findings in the physical and neurologic examinations.  

Discussion

An inversion is a chromosome rearrangement in which a 
chromosome segment is reversed end to end. Inversions occur 
when a single chromosome undergoes breakage and rearrange
ment within itself. Inversions are of two types: paracentric and 
pericentric. Paracentric inversions do not include the centromere 
in the inverted segment and both breaks occur in one arm of the 
chromosome. Pericentric inversions include the centromere and 
there is a break point in each arm.

Among cytogenetic structural abnormalities, the incidence of 
paracentric inversion is 0.25%.11) A French study in 1986 found a 
tenfold lower incidence of paracentric inversions than pericentric 
inversions.12)

As long as the rearrangement is balanced with no extra or 
missing genetic information, inversions usually do not cause 
phenotypic abnormalities in carriers. However, in individuals 
heterozygous for an inversion, there is an increased risk of producing 
abnormal chromatids. This leads to lowered fertility due to the 
production of unbalanced gametes. 

Various reviews of 184 cases by Madan k. have confirmed that 
the risk of producing unbalanced gametes is very low.13) Conversely, a 
large review of 446 cases of paracentric inversions by Pettenati et 
al. gave the risk of viable recombinants as 3.8%.11) Such conflicting 

Fig. 1. Pedigree of the patient. All carriers had a normal phenotype. The 
karyotype of each family member was as follows: I-2: 46,XX,inv(18)
(q21.1q22.1); II-2: 46,XX,inv(18)(q21.1q22.1); III-2: 46,XX,inv(18)(q21. 
1q22). The arrow shows the pregnant woman. 
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Fig. 2. (A) GTL-(G-bands by trypsin using Leishman) banded partial 
karyotypes for chromosome 18 of the grandmother, mother and fetus 
with paracentric inversion of 18q (right arrowed). (B) Left of the ideogram 
(middle) is GTL-banding and to the right is RBG-(R-bands by BrdU using 
Giemsa) banding show the breakpoints, inv(18)(q21.1q22.1) of maternal 
chromosome 18 at the 850-band levels of high resolution.
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information causes a dilemma for genetic counselors.
Although most paracentric inversion heterozygotes have a 

low risk of viable recombinants, prenatal diagnosis should be 
considered in particular cases. One example is with chromosome 
18q paracentric inversion, for which a variety of small and large 
imbalances are compatible with live birth.14)

In 1979, Wilson et al reported that loss of the specific critical 
region 18q21.3 is required to express the 18 q- syndrome.15) However, 
some authors have shown the relationship with another breakpoint 
as 18q22.3.16, 17) In general, the familial type of cytogenetic variation 
does not increase the risk of unbalanced karyotypes. However, 
there is a report of chromosome 18q paracentric inversion involving 
mental retardation and hearing loss in a mother and her daughter. 18)

In our case, the breakpoints were q21.1 and q22. The mother, 
maternal grandmother, and baby showed normal phenotypes. 
We attempted high-resolution cytogenetic analyses by GTL-
band at the 550-band levels for fetus and by GTL-band and RBG-
band at the 700-850-band levels for parents and grandparents 
according to the laboratory internal guidelines. However, there 
would be the possibilities of the gene disruptions near regions of 
the breakpoint. Unfortunately we were unable to perform the 
molecular cytogenetic analysis at the gene level. Therefore, the 
baby should have long term follow up with physical activity and 
neurodevelopment. 

Families that may be carriers of inversions should be offered 
genetic counseling and genetic testing to become informed about 
various results and prognoses. More data on the reproductive 
outcomes and risk for abnormal offspring among their carriers 
are a necessary basis for genetic counseling.

This report underlines the importance of careful antenatal 
diagnosis and genetic counseling for parental and fetal paracentric 
inversion.

References

1.	 Madan K, Seabright M, Lindenbaum R H, Bobrow M. Paracentric inver­
sions in man. Am J Med Genet 1984;21:407-12.  

2.	 Winsor EJT, Palmer CG, Ellis PM, Hunter JLP, Ferguson- Smith M. Meiotic 
analysis of a pericentric inversion, inv(7)(p22q32), in the father of a 
child with a duplication deletion of chromosome 7. Cytogenetic Cell 
Genet 1978;20:169-84.

3.	 Trunca C, Opitz JM. Pericentric inversion of chromosome 14 and the 
risk of partial duplication 14q(14q31-.14qter). Am J Med Genet 1977;1: 
217-28.

4.	 Bocian E, Mazurczak T, Stanczak H. Paracentric inversion inv(18)(q21.1q23) 
in a woman with recurrent spontaneous abortions. Am J Med Genet 
1990;35:592-3.

5.	 Kelly TE, Wyandt H, Kasprzak J, Ennis J, Willson K, Koch V, et al. 
Paracentric inversion: probable mechanism for an interstitial 3p 
deletion in a patient with multiple anomalies. Am J Hum Genet 
1979;31:100A. 

6.	 Valctrcel E, Benitez J, Martinez P, Rey JA, Sanchez Cascos A. Cytogenetic 
recombinants from a female carrying a paracentric inversion of the 
short arm of chromosome number 5. Hum Genet 1983;63:78-81. 

7.	 Hoo JJ, Lorenz R, Fischer A, Fuhrmann W. Tiny interstitial duplication of 
proximal 7q in association with a maternal paracentric inversion. Hum 
Genet 1982;62:113-6.

8.	 Mules EH, Stamberg J. Reproductive outcomes of paracentric inversion 
carriers: Report of a liveborn dicentric recombinant and literature 
review. Hum Genet 1984;67:126-31.

9.	 Price HA, Roberts SH, Laurence KM. Homozygous paracentric inversion 12 
in a mentally retarded boy: A case report and review of the literature. 
Hum Genet 1987;75:101-8.

10.	 Jaeken J, Fryns JP, Standaert L, de Cock P, Van den Berghe H. De novo 
paracentric inversion in a microcephalic boy: 46,XY,inv(14)(qI3q24). 
Ann Genet (Paris) 1980;23:105-7.

11.	 Pettenati MJ, Rao PN, Phelan MC, Grass F, Rao KW, Cosper P, et al. 
Paracentric inversions in humans: a review of 446 paracentric inversions 
with presentation of 120 new cases. Am J Med Genet 1995;55:171-87.

12.	 Groupe de Cytogénéticiens Français. Paracentric inversions in man. A 
French collaborative study. Ann Genet (Paris) 1986b;29:169-76.

13.	 Madan K. Paracentric inversions: a review. Hum Genet 1995;96:503-15.

14.	 Madan K. Reproductive Risks for Paracentric Inversion Heterozygotes: 
Inversion or Insertion? That Is the Question. Am J Med Genet 2002;107: 
340-3.

15.	 Wilson MG, Towner JW, Forsman I, Siris E. Syndromes associated with 
deletion of the long arm of chromosome 18[del(18q)]. Am J Med Genet 
1979;3:155-74.

16.	 Felding I, Kristofferson U, Sjostrom H, Noren O. Contribution to the 
18q- syndrome: A patient with del(18)(q22.3qter). Clin Genet 1987;31: 
206-10.

17.	 Miller G, Mowrey PN, Hopper KD, Frankel CA, Ladda RL.  Neurologic 
manifestations in 18q-syndrome. Am J Med 1990;27:128-32.

18.	 Keppler-Noreuil KM, Carroll AJ, Finley SC, Descartes M, Cody JD, 
DuPont BR, et al. Chromosome 18q paracentric inversion in a 
family with mental retardation and hearing loss. Am J Med Genet 
1998;76:372-8.


