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K

LINEFELTER’S syndrome is a form of hypergonadotropic hypogonadism and infertility resulting from a supernumerary X chromosome (47,XXY), with an incidence of approximately
1 case in 500 phenotypic males.1,2 Some men with
Klinefelter’s syndrome who have chromosomal mosaicism (46,XY/47,XXY) are fertile. Men with nonmosaic, or complete, Klinefelter’s syndrome usually
have azoospermia, and only a few have any spermatogenesis.3,4
Intracytoplasmic sperm injection, in which a spermatozoon is injected into an ovum in vitro, is an effective treatment for male-factor infertility. However,
the complete absence of spermatozoa presents a particular clinical challenge. Postorchitis atrophy and genetic anomalies are the main causes of nonobstructive
azoospermia, which is characterized by germ-cell aplasia, maturation arrest, or hypospermatogenesis. In
such cases, testicular extraction of sperm has proved
useful in obtaining sufficient sperm for fertilization
with intracytoplasmic sperm injection.5,6 We report on
two couples, in each of which the man had nonmosaic
Klinefelter’s syndrome, who underwent testicular
sperm extraction and intracytoplasmic sperm injection, which resulted in the delivery of healthy infants.
CASE REPORTS
Couple 1
A healthy 32-year-old man and a healthy 32-year-old woman
were evaluated after two years of primary infertility. A testicularbiopsy specimen obtained from the man one year earlier contained only Sertoli cells. He had a gynecoid habitus, scant facial
hair, slight gynecomastia, bilaterally atrophic testes, and small bi-
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lateral varicoceles. His serum gonadotropin concentrations were
high, and his serum testosterone concentration was low. Analysis
of three semen specimens showed normal volumes and fructose
concentrations; a single, abnormal, nonmotile sperm was seen in
one specimen. On the basis of an analysis of 50 peripheral-blood
leukocytes, his karyotype was 47,XXY. The woman was normal.
We performed a single in vitro fertilization cycle with intracytoplasmic injection of sperm obtained by testicular extraction.
During this cycle, the woman was treated first with a gonadotropin-releasing hormone agonist (leuprolide), administered subcutaneously, to inhibit gonadotropin secretion and then with a
combination of human menopausal gonadotropin and folliclestimulating hormone, administered intramuscularly, to stimulate
the development of ovarian follicles. Fifteen oocytes were retrieved approximately 34 to 36 hours after chorionic gonadotropin had been given intramuscularly. Ten oocytes were fertilized,
and three were transferred into the uterus, but no pregnancy resulted. No embryos were considered suitable for cryopreservation.
For the second in vitro fertilization cycle, which was performed
six months later, the woman received leuprolide and follicle-stimulating hormone. After chorionic gonadotropin had been administered, 13 oocytes were retrieved by ultrasonographically guided
transvaginal needle aspiration; 12 were at the second stage of
metaphase. Bilateral testicular biopsy to obtain sperm was performed at the same time.6 Before undergoing the biopsy, the man
had received testolactone (100 mg orally twice daily) for three
months. The biopsy specimens yielded 600 mg of seminiferous
tubules. On microscopical examination, the tubules contained
mostly Sertoli cells and only a few spermatogenic elements; extensive Leydig-cell hyperplasia was also seen (Fig. 1). A search of
fresh tissue under higher magnification identified approximately
10 sperm with twitching movements only. Enough sperm were
obtained by centrifugation of the tissue to fertilize each of the 12
ova by injection of a spermatozoon immobilized by crimping the
tail.5 Eight oocytes were normally fertilized, as indicated by the
presence of two pronuclei and two extruded polar bodies. The couple declined preimplantation genetic testing. Because a proportion of the blastomeres were fragmented (20 percent) in the
three embryos selected for transfer, assisted hatching (creation of
an artificial breech in the zona pellucida) was performed according to previously reported methods.7 The embryos were transferred into the uterus three days after fertilization. No embryos
were cryopreserved. The woman was given intramuscular progesterone in oil (50 mg daily) until fetal cardiac activity was confirmed by ultrasonography.7
Serum concentrations of the beta subunit of chorionic gonadotropin, measured twice weekly, increased to 94 mIU per milliliter on day 11 after the embryo transfer. Ultrasonography performed 32 days later revealed two asymmetric intrauterine sacs,
of which one had a fetal heartbeat. Amniocentesis at 20 weeks’
gestation showed a fetal karyotype of 46,XY. The pregnancy was
normal, and the woman delivered a healthy 2778-g boy at 38.5
weeks’ gestation.
Couple 2
A healthy 34-year-old man and a healthy 33-year-old woman
were evaluated after five years of primary infertility. The man had
a gynecoid habitus, bilaterally atrophic testes, gynecomastia, and
a moderate-size left varicocele. Analysis of three semen samples
showed low volume (1.2 ml) and normal fructose concentrations
but no sperm. His serum gonadotropin concentrations were high,
and his serum testosterone concentration was low. Bilateral testicular-biopsy specimens obtained approximately one year earlier
contained only Sertoli cells. On the basis of an analysis of 40 peripheral-blood leukocytes, his karyotype was 47,XXY. The woman
was normal.
The woman was given leuprolide, human menopausal gonadotropin, and follicle-stimulating hormone. Forty mature oocytes
were retrieved by transvaginal ultrasonography after the administration of chorionic gonadotropin. Simultaneous testicular biopsy,
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Figure 1. Testicular-Biopsy Specimen Obtained from the Male Partner of Couple 1 during Testicular Extraction of Sperm (Hematoxylin and Eosin, 100).
The specimen contains a seminiferous tubule with hypospermatogenesis (white arrowheads), a tubule with only Sertoli cells (arrows), and sclerotic tubules (black arrowheads). Extensive intertubular Leydig-cell hyperplasia is also present.

after the man had been treated with testolactone for three months,
resulted in the recovery of 19 spermatozoa, which were used to fertilize 19 oocytes by intracytoplasmic sperm injection. Normal fertilization was confirmed in 12 oocytes. This couple also declined
preimplantation genetic testing. Three embryos were transferred to
the woman’s uterus three days after fertilization.7 She received daily
intramuscular injections of progesterone in oil (50 mg) until fetal
cardiac activity was confirmed by ultrasonography.
On day 11 after the embryo transfer, the serum concentration
of the beta subunit of chorionic gonadotropin was 239 mIU per
milliliter. Ultrasonography performed 32 days later revealed two
intrauterine sacs, both with fetal heartbeats. Amniocentesis at 20
weeks’ gestation showed that the fetal karyotypes were 46,XY and
46,XX. The infants, a boy and a girl, were delivered by cesarean
section at 35.5 weeks’ gestation; their birth weights were 2551 g
and 2410 g, respectively. Both were normal.

METHODS
The testicular sperm extraction involved an open operation
performed simultaneously with oocyte retrieval from the woman
after programmed ovarian stimulation. The procedure was performed through a median scrotal incision with the use of local or
general anesthesia. Up to 500 mg of tissue was obtained from
each testis. To obtain individual tubules, the tissue was dispersed
between glass slides, minced in artificial human tubal fluid, and
then passed through a 24-gauge catheter. If no spermatozoa were

identified in the final suspension, further biopsies were performed
immediately. To obtain spermatozoa for intracytoplasmic injection of sperm into oocytes, the suspension was centrifuged at
1800g for five minutes. The resulting pellet was examined for
motile (i.e., twitching) spermatozoa. If none were identified, the
suspension was reincubated at 37°C in a humidified 5 percent
carbon dioxide atmosphere for up to two hours in order to enhance observable kinetic characteristics.6

DISCUSSION

Klinefelter’s syndrome is thought to occur because
of an error in meiosis.8 The most important testicular
lesions are spermatogenic arrest and the predominance of Sertoli cells.9 However, not all affected men
have complete suppression of sperm production; in
particular, men with chromosomal mosaicism may
have small foci of spermatogenesis. The paucity of
these foci in men with nonmosaic Klinefelter’s syndrome has frustrated attempts to overcome this common form of male-factor infertility.
Intracytoplasmic sperm injection is an effective remedy for many types of male-factor infertility,10 but its
usefulness is predicated on the availability of at least
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one living spermatozoon to achieve fertilization. In
otherwise normal men with nonobstructive azoospermia, small numbers of spermatozoa can sometimes
be recovered by testicular biopsy and extraction for
subsequent intracytoplasmic injection. Previous application of these techniques in men with nonmosaic
Klinefelter’s syndrome has resulted in fertilization
and pregnancy, but not in birth.11-14 Our results in
two men indicate that this approach can be successful in men with nonmosaic Klinefelter’s syndrome.
Among men with nonobstructive azoospermia,
including those with Klinefelter’s syndrome, who
agree to undergo testicular sperm extraction, some
will be found to have no sperm. At present, there is
no way to predict which men will have no sperm.6
Couples should be prepared for the possibility that
no sperm will be recovered and consider the use of
donated sperm, if necessary. Testolactone (an aromatase inhibitor) is routinely given to men with
nonobstructive azoospermia, including those with
Klinefelter’s syndrome (as in this study), to optimize
semen production.
During a three-year period, we have attempted
testicular sperm extraction in 70 men with nonobstructive azoospermia, 6 of whom had either mosaic
or nonmosaic Klinefelter’s syndrome. This report
describes the first two couples in which the man
had nonmosaic Klinefelter’s syndrome. Three of the
four men in the other couples also had nonmosaic
Klinefelter’s syndrome, and spermatozoa were successfully retrieved in one of the four. With intracytoplasmic sperm injection, this couple conceived and
now has an ongoing pregnancy.
Although Klinefelter’s syndrome is a nonheritable
genetic condition that almost always results in sterility, meiosis is possible. However, spermatozoa from
men with mosaic Klinefelter’s syndrome contain an
extra sex chromosome more often than do spermatozoa from normal men.15,16 Therefore, there is a possibility that chromosomal errors will be transmitted to
the offspring of men with Klinefelter’s syndrome. The
normal karyotypes of the three infants described here
support previously reported data on the safety of
intracytoplasmic sperm injection in the treatment of
oligospermia and azoospermia.17 As in all cases of severe male-factor infertility requiring intracytoplasmic
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sperm injection, genetic screening and prenatal testing should be strongly recommended.
We are indebted to the clinical and scientific staffs of the Center
for Reproductive Medicine and Infertility, and to Dr. J. Michael
Bedford for his review of the manuscript.

REFERENCES
1. Klinefelter HF Jr, Reifenstein EC Jr, Albright F. Syndrome characterized
by gynecomastia, aspermatogenesis without A-Leydigism, and increased excretion of follicle-stimulating hormone. J Clin Endocrinol 1942;2:615-27.
2. Paulsen CA, Plymate SR. Klinefelter’s syndrome. In: King RA, Rotter
JI, Motulsky AG, eds. The genetic basis of common diseases. Oxford, England: Oxford University Press, 1992:876-94.
3. Paulsen CA, Gordon DL, Carpenter RW, Gandy HM, Drucker WD.
Klinefelter’s syndrome and its variants: a hormonal and chromosomal
study. Recent Prog Horm Res 1968;24:321-63.
4. Luciani JM, Mattei A, Devictor-Vuillet M, Rubin P, Stahl A, Vague J.
Étude des chromosomes meiotiques dans un cas de maladie de Klinefelter
avec spermatogenèse et caryotype 46,XY/47,XXY. Ann Genet 1970;13:
249-53.
5. Palermo GD, Schlegel PN, Colombero LT, Zaninovic N, Moy F, Rosenwaks Z. Aggressive sperm immobilization prior to intracytoplasmic sperm
injection with immature spermatozoa improves fertilization and pregnancy
rates. Hum Reprod 1996;11:1023-9.
6. Schlegel PN, Palermo GD, Goldstein M, et al. Testicular sperm extraction with intracytoplasmic sperm injection for nonobstructive azoospermia.
Urology 1997;49:435-40.
7. Palermo GD, Cohen J, Alikani M, Adler A, Rosenwaks Z. Intracytoplasmic sperm injection: a novel treatment for all forms of male factor infertility. Fertil Steril 1995;63:1231-40.
8. Rothwell NV. Sex chromosome anomalies in humans. In: Rothwell NV,
ed. Understanding genetics: a molecular approach. New York: Wiley-Liss,
1993:101-10.
9. Hargreave TB, ed. Male infertility. 2nd ed. London: Springer-Verlag,
1994:116-7, 153-7.
10. Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies after
intracytoplasmic injection of a single spermatozoon into an oocyte. Lancet
1992;340:17-8.
11. Devroey P, Nagy P, Tournaye H, Liu J, Silber S, Van Steirteghem A. Outcome of intracytoplasmic sperm injection with testicular spermatozoa in obstructive and non-obstructive azoospermia. Hum Reprod 1996;11:1015-8.
12. Harari O, Bourne H, Baker G, Gronow M, Johnston I. High fertilization rate with intracytoplasmic sperm injection in mosaic Klinefelter’s syndrome. Fertil Steril 1995;63:182-4.
13. Tournaye H, Staessen C, Liebaers I, et al. Testicular sperm recovery in
nine 47,XXY Klinefelter patients. Hum Reprod 1996;11:1644-9.
14. Staessen C, Coonen E, Van Assche E, et al. Preimplantation diagnosis
for X and Y normality in embryos from three Klinefelter patients. Hum Reprod 1996;11:1650-3.
15. Cozzi J, Chevret E, Rousseaux S, et al. Achievement of meiosis in XXY
germ cells: study of 543 sperm karyotypes from an XY/XXY mosaic patient. Hum Genet 1994;93:32-4.
16. Chevret E, Monteil M, Cozzi J, Pelletier R, Sèle B. Excess of hyperhaploid 24,XY spermatozoa in Klinefelter’s syndrome detected by a threecolour FISH procedure. Fertil Steril 1995;64:Suppl:S235. abstract.
17. Palermo GD, Colombero LT, Schattman GL, Davis OK, Rosenwaks Z.
Evolution of pregnancies and initial follow-up of newborns delivered after
intracytoplasmic sperm injection. JAMA 1996;276:1893-7.

Febru ar y 2 6 , 1 9 9 8
The New England Journal of Medicine
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on January 3, 2012. For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.

