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irrespective of whether these had been classified as sympto-
matic or cryptogenic. This study gives important informa-
tion about febrile convulsions in very young children. Eighty
three children who had febrile convulsions had had no other
abnormality before their onset, and of these, 11 were mentally
retarded and 19 had developed epilepsy at follow up, the
prognosis being much worse for those babies whose convul-
sions began before the age of 6 months.
These figures are much worse than those reported in the

general population of children with febrile convulsions.
They suggest that when such fits occur in infancy the
prognosis should be guarded. On a happier note, a form of
seizure clinically indistinguishable from infantile spasms but
with a normal electroencephalogram and a good prognosis
has been described. 12

Fits in young babies are, therefore, a symptom with very
serious implications. A cause should always be sought, and at
this age biochemical disorders such as hypocalcaemia, hypo-
glycaemia, and disorders of amino acid or organic acid
metabolism should be considered. Computed tomography is
often justified. Pyridoxine dependency must not be forgotten
since it is treatable, though rare,'3 and the possibility of non-
accidental injury must be kept in mind-that possibility
becoming almost a certainty when retinal haemorrhages are
seen.
The part played by immunisation against pertussis in

causing infantile seizures is the subject of continuing
debate.'4 Chevrie and Aicardi included in their series eight
children who had had fits within 36 hours of immunisation.3
In the national childhood encephalopathy study 3-5% of
children with encephalopathy and 1-7% of controls had had
pertussis immunisation within seven days.'5 The risk of an
encephalopathic illness after pertussis immunisation was
calculated to be about one in 110 000 injections, and of
permanent sequels one in 310 000 infections.
When no cause of the seizures can be found, when the

seizures are not infantile spasms, when status epilepticus has
not occurred, and when the child is neurologically and
developmentally normal after the first fit, then the prognosis
is better.
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Cancer, chemotherapy, and
fertility
Many young people treated for leukaemia, lymphoma,
testicular teratoma, and choriocarcinoma may now expect to
be long term survivors. They may, however, become sterile
as a result of being cured. Gonadal destruction by cytotoxic
agents was first described by Spitz in 1948, who found absent
spermatogenesis at necropsy in 27 of 30 men treated with
nitrogen mustard.' The gonadal effects of cytotoxic chemo-
therapy are sterility, but usually normal potency, in men and
an early menopause, dyspareunia, reduced libido, and
premature osteoporosis in women. These side effects are
related to the chemotherapeutic agents used, the total dosage
and duration of administration, and age and sex.28
The increased survival of patients with advanced

Hodgkin's disease is due to treatment with "MOPP"
(mustine, vincristine, prednisone, and procarbazine) and its
variants.9 Two cycles of treatment cause profound oligo-
spermia in all men and this rarely recovers. 10 Follow up of 41
men for up to 12 years showed spermatogenesis in just five,
all ofwhom had been aged under 30 when treated.6 Although
puberty appears to progress normally in patients treated in
boyhood, they usually have azospermia." Two studies in
women reported contrasting incidences of amenorrhoea (five
out of 3412 and 20 out of 41 patients'3), but there were
differences in the median age and observation period of the
two groups. The very small number of girls with Hodgkin's
disease treated prepubertally who have been studied were
normally fertile." An alternative regimen of chemotherapy
sometimes used for Hodgkin's disease has been reported to
cause less gonadal toxicity: ABVD (doxorubicin, bleomycin,
vinblastine, and dacarbazine) caused azoospermia in only six
of 17 men, and all 23 women menstruated normally.'4

Treatment of "low grade" non-Hodgkin's lymphoma may
have no effect on fertility. Azoospermia occurred in all eight
men who received over 400 mg in total dosage of chlorambucil.3
The effect may be reversible, however: recovery occurred in
five of eight men as early as three months after completing
treatment. " Three of four men treated with a combination of
cyclophosphamide, vincristine, and prednisone subsequently
had normal spermatogenesis. " Normal spermatogenesis has
been reported anecdotally in men treated for "high grade"
lymphoma,'7 but no detailed descriptions have appeared of
the fertility of women.
The gonadal effects of the treatment of leukaemia reflect

both the choice of drugs and the length of time these are
given. In one study only one of four men were fertile18; in
another all six men treated with a different regimen for acute
lymphatic leukaemia retained fertility.'9 The latter group
were treated with intermittent rather than continuous
dosages of alkylating agents. Similarly, different results were
seen in two studies of boys; in the first, three of 32
prepubertal and five of 12 pubertal boys had abnormal
responses to gonadotrophin releasing hormone and all had
reduced indices of tubular fertility,20 while in the second all
six boys who did not receive cyclophosphamide remained
fertile.2' Sexual development was impaired in only one of 17
prepubertal girls treated for acute lymphatic leukaemia but it
was abnormal in six of 18 pubertal patients, which suggests a
relative resistance of the prepubertal ovary to the effects of
cytotoxic chemotherapy.22 Men treated with short term
chemotherapy for acute myeloid leukaemia have normal
spermatogenesis. 1
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Patients treated with the Einhorn regimen for disseminated
testicular teratoma are likely to be fertile after treatment.
Twenty of 24 men had recovery of spermatogenesis 18
months from completing treatment.23 Fertility is normal in
women treated for gestational trophoblastic tumours. In a
series of 457 women treated at one centre only seven of 217
wishing to conceive failed to become pregnant.24 Gonadal
failure occurs in the treatment of other cancers, but is poorly
documented except for breast cancer.29 28

If patients are fertile after treatment no increase is seen in
fetal chromosomal damage, fetal abnormality, or the
abortion rate.29 For example, the incidences of abortion and
fetal abnormality were normal in 368 pregnancies in 217
women24 and in 88 pregnancies in 50 women treated for
gestational trophoblastic neoplasms,30 and for 93 conceptions
in 29 women and the spouses of 19 men treated for Hodgkin's
disease."' Nor were there any abnormal findings in 286
pregnancies in 146 patients (72 of whom had had cytotoxic
chemotherapy) treated for a variety of cancers,32 and for 107
pregnancies in 17 men and 29 women who had been treated
for cancer in childhood.33
Might gonadal damage be prevented by storing the germ

cells before treatment? Unfortunately not, because fertility is
abnormal at presentation. Only 69 of 257 men with either
germ cell tumours or Hodgkin's disease had normal sperm
counts before treatment.34 Furthermore, more subtle defects
may also be present, such that a much greater proportion of
patients are functionally sterile; seven of nine men with
lymphoma who had normal sperm counts before cryo-
preservation of their semen had motilities after thawing that
were so low that they were considered infertile.35 Comparable
changes occur in women; 72 of 87 women with breast cancer
had anovulatory menstrual cycles at the time of operation.36
These findings imply that pretreatment storage of germ cells
would have only a limited potential.
The possibilities for circumventing infertility may include

the more widespread use of non-sterilising treatment pro-
grammes, said to be as effective as conventional therapies.
For example, fewer treatment cycles may be effective in
maintaining remission, but not cause infertility, as in lym-
phoma.37 Alternatively, adjuvant treatments may protect the
gonad. The hypothesis that the resting gonad is less liable to
damage by chemotherapeutic agents was investigated in mice
which were "protected" by a long acting gonadotrophin
releasing hormone analogue.38 This study has been criticised,
however, and such compounds were found to be ineffective
in dogs.39 Similarly, in men treated at St Bartholomew's and
the Christie hospitals there has been no protective effect
(Waxman et al, submitted for publication).

Physicians should be aware of the possibility of gonadal
failure in patients treated for malignancy whether or not cure
is expected. Early hormonal replacement therapy for women,
except in the sex hormone dependent malignancies, will
provide symptomatic relief, easing menopausal symptoms
for patients in already sufficiently trying circumstances.
In men the relative resistance of Leydig cells makes gonadal
failure less likely, but primary erectile impotence may
require treatment with androgens.

JONATHAN WAXMAN
Honorary Senior Registrar,
ICRF Department of Medical Oncology,
St Bartholomew's Hospital,
London EClA 7BE

I Spitz S. The histological effects of nitrogen mustard on human tumors and tissues. Cancer
1984;1:383-98.

2 Miller DG. Alkylating agents and human spermatogenesis.7AMA 1971;217:1662-5.
3 Richter P, Calamera JC, Morgenfeld MC, Kierszenbaum Al, Lavieri JC, Mancini RE. Effect of

chlorambucil on spermatogenesis in the human with malignant lymphoma. Cancer 1970;25:
1026-30.

4 Etteldorf JN, West CD, Pitcock JA, Williams D. Gonadal function, testicular histology and
meiosis following cyclophosphamide therapy in patients with nephrotic syndrome. J7 Pediatr
1976;88:206- 12.

5 Fairley KF, Barrie JU, Johnson W. Sterility and testicular atrophy related to cyclophosphamide
therapy. Lancet 1972;i:568-9.

6 Waxman JH, Terry YA, Wrigley PFM, et al. Gonadal function in Hodgkin's disease: long term
follow up of chemotherapy. BrMedJ 1982;285:1612-3.

7 Pennisi AJ, Grushkin CM, Lieberman E. Gonadal function in children with nephrosis treated
with cyclophosphamide. Am3' Dis Child 1975;129:315-8.

8 Lentz RD, Bergstein J, Steffes MW, et al. Post pubertal evaluation of gonadal function following
cyclophosphamide therapy before and during puberty. J Pediatr 1977;91:385-94.

9 De Vita VT, Serpick AA, Carbone PP. Combination chemotherapy in the treatment of advanced
Hodgkin's disease. Ann Intern Med 1970;73:881-95.

10 Chapman RM, Sutcliffe SB, Malpas JS. Male gonadal dysfunction in Hodgkin's disease: a
prospective study. J7AMA 1981 ;245: 1323-8.

11 Whitehead E, Shalet SM, Jones PHM, Beardwell CG, Deakin DP. Gonadal function after
combination chemotherapy for Hodgkin's disease in childhood. Arch Dis Chtld 1982;47:287-91.

12 Homing SJ, Hoppe RT, Kaplan HJ, Rosenberg SA. Female reproduction potential after
treatment for Hodgkin's disease. N EnglJ Med 1981 ;304: 1377-8 1.

13 Chapman RM, Sutcliffe SB, Malpas IS. Cytotoxic induced ovarian failure in women with
Hodgkin's disease 1. Hormone function. JAMA 1979;242:1877-81.

14 Santoro A, Viviani S, Zucali R, et al. Comparative results and toxicity of MOPP vs ABVD
combined with radiotherapy (RT) in PS I IB, Ill (A,B). Hodgkin's disease. Proceedings of the
American Society of Clinical Oncologv and the Amnerican Assoctation for Cancer Research
1983.Abstract C871.

15 Cheviakoff S, Calamera JC, Morgenfeld M, Mancini RE. Recovery of spermatogenesis after
treatment with chlorambucil. J Reprod Fertil 1973;33:155-7.

16 Roeser HP, Stocks AE, Smith AJ. Testicular damage due to cytotoxic drugs and recovery after
cessation of therapy. Aust NZJf Med 1978;8:250-4.

17 da Cunha MF, Meistrich ML, Reid HL, Powell ML. Effect of chemotherapy on human sperm
production. Proceedings ofthe American Society ofClinical Oncology and theAmerican Association
for CancerResearch. 1979:403.

18 Waxman JH, Terry YA, Rees LH, Lister TA. Gonadal function in men treated for acute
leukaemia. Br MedJ 1983;287:1093-4.

19 Evenson DP, Arlin Z, Welt S, Claps ML, Melamed MR. Male reproductive capacity may recover
following drug treatment with the L-10 protocol for acute lymphocytic leukaemia. Cancer
1984;53:30-6.

20 Shalet SM, Hann IM, Lendon M, Jones PHM, Beardwell CG. Testicular function after
combination chemotherapy in childhood for acute lymphoblastic leukaemia. Arch Dis Child
1981 ;56:275-8.

21 Blatt J, Poplack DG, Sherins RJ. Testicular function in boys after chemotherapy for acute
lymphoblastic leukaemia. N EnglJ Med 1981;304:1121-4.

22 Siris ES, Leventhal BG, Vaitukaitis JL. Effects of childhood leukemia and chemotherapy on
puberty and reproductive function in girls. N Engl3' Med 1976;294:1143-6.

23 Drasga RE, Einhorn LH, Williams SD, Patel DN, Stevens EE. Fertility after chemotherapy for
testicular cancer. J7ournal ofClinical Oncology 1983;1: 179-83.

24 Rustin GJ, Booth M, Dent J, Salt S, Rustin F, Bagshawe KD. Pregnancy after cytotoxic
chemotherapy for gestational trophoblastic tumours. BrMed3 1984;288:103-6.

25 Samaan NA, de Asis DN, Buzdar AU, Blumenschein GR. Pituitary-ovarian function in breast
cancer patients on adjuvant chemoimmunotherapy. Cancer 1978;41:2084-7.

26 Rose DP, Davis TE. Effects of adjuvant chemohormonal therapy on the ovarian and adrenal
function of breast cancer patients. Cancer Res 1980;40:4043-7.

27 Koyama H, Wada T, Nishizawa Y, et al. Cyclophosphamide-induced ovarian failure and its
therapeutic significance in patients with breast cancer. Cancer 1977;391403-9.

28 Fisher B, Sherman B, Rockette H, Redmond C, Margolese R, Fisher ER. L-phenylalanine
mustard (L-PAM) in the management of premenopausal patients with primary breast cancer.
Cancer 1979;44:847-57.

29 Cohen MM, Gerbie AB, Nadler HL. Chromosomal investigation in pregnancies following
chemotherapy for choriocarcinoma. Lancet 1971 ;ii:2 19.

30 Van Thiel DH, Ross GT, Lipsett MB. Pregnancies after chemotherapy of trophoblastic
neoplasms. Science 1970;169:1326-7.

31 Holmes GE, Holmes FF. Pregnancy outcome of patients treated for Hodgkins's disease. Cancer
1978;41: 1317-22.

32 Li FP, Fine W, Jaffe N, Holmes G, Holmes F. Offspring of patients treated for cancer in
childhood. JNCI 1979;62:1193-7.

33 Li FP, Jaffe N. Progeny of childhood cancer survivors. Lancet 1974;ii:707-9.
34 Hendry WF, Stedronska J, Jones CR, Blackmore CA, Barrett A, Peckham MJ. Semen analysis in

testicular cancer and Hodgkin's disease: pre and post treatment findings and implications for
cryopreservation. BrJ Urol 1983;55:769-73.

35 Sanger WG, Armitage JO, Schmidt MA. Feasibility of semen cryopreservation in patients with
malignant disease. 7AMA 1980;244:789-90.

36 Grattarola R. The premenstrual endometrial pattern of women with breast cancer. Cancer
1964;17: 1119-22.

37 da Cunha MF, Meistrich ML, Fuller LM, et al. Recovery of spermatogenesis after treatment for
Hodgkin's disease: limiting dose of MOPP chemotherapy. Journal of Clinical Oncology
1984;2:521-7.

38 Glode LM, Robinson J, Gould SF. Protection from cyclophosphamide induced testicular damage
with an analogue of gonadotrophin releasing hormone. Lancet 1981 ;i: 1 132-4.

39 Goodpasture JC, Bergstrom K, Waller DP, Vickery B. Interactions between an LHRH analogue
and cancer chemotherapeutic agents at the testicular level. In: Labrie F, ed. Proceedings of an
internauional svmposuum an LHRH and its analogues. Holland: Elsevier Publications (in press).

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.290.6475.1096 on 13 A

pril 1985. D
ow

nloaded from
 

http://www.bmj.com/

