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The Use of Acetazolamide in Idiopathic Intracranial Hypertension During Pregnancy ANDREW G. LEE, MD, MISHA PLESS, MD, JULIE FALARDEAU, MD, TAMMY CAPOZZOLI, COPT, MICHAEL WALL, MD, AND RANDY H. KARDON, PHD, MD



● PURPOSE:



To describe the pregnancy outcomes after the use of acetazolamide in pregnant patients with idiopathic intracranial hypertension (IIH). ● DESIGN: Observational case series. ● METHODS: SETTING: Two tertiary care academic neuroophthalmology units. PATIENT POPULATION: Patients with IIH treated with acetazolamide. OBSERVATION PROCEDURE: Documentation of pregnancy outcome. MAIN OUTCOME MEASURES: Normal pregnancy, fetal loss, or congenital malformation. ● RESULTS: Twelve patients were treated with acetazolamide for IIH during pregnancy, and there were no adverse pregnancy outcomes. A critical review of the English language literature on the subject failed to demonstrate any convincing evidence for any adverse effect on pregnancy for acetazolamide. ● CONCLUSIONS: Acetazolamide at high doses may produce birth defects in animals, but there is little clinical or experimental evidence to support any adverse effect of the drug on pregnancy outcomes in humans. If the clinical situation warrants the use of acetazolamide in IIH, then the drug probably can be offered after appropriate informed consent. (Am J Ophthalmol 2005; 139:855– 859. © 2005 by Elsevier Inc. All rights reserved.)



A



CETAZOLAMIDE IS A CARBONIC ANHYDRASE INHIB-



itor that is presumed to lower intracranial pressure and is the mainstay of medical therapy for idiopathic intracranial hypertension (IIH).1 Although pregnancy is not an independent risk factor for the development of IIH, the simultaneous occurrence of both
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conditions is not uncommon.2 The treatment of IIH in pregnancy is complicated by the fact that the safety of acetazolamide in human pregnancy has not been established, and many texts and references recommend against its use in pregnancy-related IIH.1–17 It is known that carbonic anhydrase inhibitors, including acetazolamide, produce forelimb anomalies in rats, mice, and hamsters.18 –36 Acetazolamide administered to mice on day 9 of gestation but at 6 to 70 times the human dose has produced postaxial limb malformations.18,19 Scott and associates20 demonstrated carbonic anhydrase teratogenesis in the embryonic rudiments of structures susceptible to acetazolamide in mice. The cellular or molecular basis for teratogenicity has not been firmly established, but other sulfonamide carbonic anhydrase inhibitors produce similar lesions. Interestingly, Ellison and Maren21 demonstrated evidence for potassium depletion in rats treated with acetazolamide and concluded that replacement therapy with potassium resulted in “partial to complete protection of developing embryos.” Although there are no adequate and well-controlled studies of acetazolamide in pregnant humans, the current Physicians Desk Reference (PDR) recommendation is as follows: “Acetazolamide should be used in pregnancy only if the potential benefit justifies the potential risk to the fetus.” We review the available literature on acetazolamide in pregnancy and our experience with the drug in patients treated for IIH.



PATIENTS AND METHODS A RETROSPECTIVE CHART REVIEW WAS PERFORMED OF ALL



patients seen between 1999 and 2004 at the Neuroophthalmology Divisions of the University of Pittsburgh and the University of Iowa Hospitals and Clinics with the diagnosis of idiopathic intracranial hypertension (IIH) who were pregnant and subsequently treated with acetazolamide during pregnancy. The inclusion criteria were as follows: (1) patients with IIH meeting the modified Dandy criteria; (2) treatment with acetazolamide at any time during the pregnancy for IIH; and (3) adequate documen-
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TABLE 1. Trimester of Starting Drug and the Pregnancy Outcomes for Patients With Idiopathic Intracranial Hypertension Treated With Acetazolamide



Patient



1 2 3 4 5 6 7 8



Trimester of Pregnancy Acetazolamide Started



Pregnancy Outcome



Comment



First (12 weeks) First First First (prior to pregnancy) First First (prior to pregnancy) First Second (17 weeks)



Normal Normal Normal Normal Normal Premature at 29 weeks Normal Normal



Normal age 1* Normal age 1*



9 10 11



First (8 weeks) Second (22 weeks) First



Normal Normal Cesarean section at 36 weeks



12



Third



Normal



Normal age 8* Normal: age 15 months* Acetazolamide discontinued at 20 weeks because of adverse effects in mother Attention deficit disorder (presumed incidental) Respiratory difficulty required oxygen therapy at birth, resolved Age 4 normal child



*Well baby examinations were performed by pediatricians in the Pittsburgh cohort, and normal results were reported where available (cases 1 through 5).



tation of the outcome of the pregnancy. Patients were excluded if they did not meet the modified Dandy criteria for IIH, were not treated with acetazolamide, or did not have adequate documentation or follow-up after delivery. The data collected included patient age, time of diagnosis of IIH, trimester of pregnancy, dosage and duration of acetazolamide use, and pregnancy outcome. We divided the pregnancy outcomes into three categories: (1) early fetal loss, (2) major or minor birth malformations, and (3) normal. The details regarding the delivery were obtained from the medical records (i.e., well baby examinations, if available) or direct questioning of the mother at last neuro-ophthalmic follow-up visit. This study was performed in compliance with and with approval of the institutional review boards of the University of Iowa Hospitals and Clinics and the University of Pittsburgh. A literature search using the search terms “acetazolamide” and “pregnancy” was performed from the years 1966 to 2004. The PubMed search was limited to English language and human literature only. Case reports and letters were included only if they added significant information. The relevant abstracts on the possible teratogenic effect of acetazolamide were reviewed, and selected papers were reviewed.



TABLE 2. Food and Drug Administration (FDA) Drug Risk Categories in Pregnancy Description



A



Adequate, well-controlled studies in pregnant women have not shown an increased risk of fetal abnormalities. Animal studies have revealed no evidence of harm to the fetus; however, there are no adequate and well-controlled studies in pregnant women, or animal studies have shown an adverse effect, but adequate and well-controlled studies in pregnant women have failed to demonstrate a risk to the fetus. Animal studies have shown an adverse effect, and there are no adequate and well-controlled studies in pregnant women, or no animal studies have been conducted, and there are no adequate and well-controlled studies in pregnant women. Studies, adequate well-controlled or observational, in pregnant women have demonstrated a risk to the fetus. However, the benefits of therapy may outweigh the potential risk. Studies, adequate well-controlled or observational, in animals or pregnant women have demonstrated positive evidence of fetal abnormalities. The use of the product is contraindicated in women who are or may become pregnant.



B



C



D



RESULTS



X



TWELVE PATIENTS WERE INCLUDED IN THE STUDY. SIX



patients were included from the University of Pittsburgh and six patients from the University of Iowa. Table 1 contains the pregnancy outcomes for the 12 included patients. All of the patients were treated with acetazol856
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TABLE 3. Pregnancy Outcomes of Acetazolamide Treatment in Pregnancy in Patients From Selected Studies in the Literature



Author, Year of Study



Trimester of Treatment With Acetazolamide



Age (years)



Pregnancy Outcome



Dieckmann et al, 1957



N/A



No increase in fetal mortality and no congenital anomalies



Crane, 1957 Alderson, 1983 Kassam et al, 1983 Ibid Digre et al, 1984



23 27 32 23



Ibid Ibid



20 24



Worsham et al, 1978 Merlob et al, 1989



22 29



Transient dehydration in infant Normal Normal Normal Normal



Ibid



Not reported



Normal Spontaneous abortion at 12 weeks Sacrococcygeal teratoma Metabolic acidosis reversed with treatment Two normal births



Katz et al, 1989 Ibid Ibid Ibid Ibid Ozawa et al, 2000 Huna-Baron and Kupersmith, 2002



33 24 30 31 30 Not reported 22



Normal Normal Normal Normal Normal Transient renal tubular acidosis Normal



amide during pregnancy, but two patients were already taking acetazolamide for IIH before starting their pregnancy. Nine patients started taking acetazolamide in the first trimester, two in the second, and one in the third trimester. None of the patients had an adverse pregnancy outcome, and no major or minor congenital malformations were noted. All patients were treated with the usual and customary dosages of acetazolamide for IIH treatment at our institutions, typically 500 mg twice daily.



DISCUSSION IN THE FOOD AND DRUG ADMINISTRATION CLASSIFICA-



tion of pregnancy risk, acetazolamide is category C (Table 2).37 The clinical need for the use of acetazolamide during pregnancy for IIH is a relatively common decision. Although many review articles on IIH suggest that acetazolamide be avoided in pregnancy, especially in the first trimester, there is little clinical evidence to support this recommendation. Scott and associates20 demonstrated that concentrations of acetazolamide within maternal plasma and embryo were much lower than in rats and believed that nonrodent species were resistant to the teratogenic effects of acetazolamide. There is a single case of a sacrococcygeal teratoma in an infant born to a mother VOL. 139, NO. 5



ACETAZOLAMIDE



Clinical trials of acetazolamide for preeclampsia Third trimester First Second Second First



Comment



Therapy started after first trimester



Acetazolamide stopped after pregnancy discovered



Second Second Discontinued at 19 weeks Treated throughout pregnancy Treated throughout pregnancy



Treated for glaucoma Treated for glaucoma Treated for seizures



24 weeks



3 days before delivery



Treated for glaucoma



treated with acetazolamide until the 19th week of pregnancy.9 Worsham and associates9 cited another unpublished case (letter to Lederle Laboratories) of multiple congenital abnormalities (i.e., glaucoma, microphthalmia, and patent ductus arteriosus). The Collaborative Perinatal Project found no increase in major or minor fetal anomalies in the infants of 1,024 women exposed to acetazolamide at any time during pregnancy, including 12 infants exposed during the first trimester, but the sample size was too small to evaluate the risk for uncommon conditions such as sacrococcygeal teratoma (incidence of 1 in 35,000 to 40,000 live births).10,11 Their recommendation was that acetazolamide should be used in pregnancy only if the potential benefit justifies the potential risk to the fetus. Merlob and associates15 found only three patients over a 14-year period (1975-1988) treated with acetazolamide throughout pregnancy. One neonate had metabolic acidosis, hypocalcemia, and hypomagnesemia that resolved with treatment. Table 3 lists the cases from the literature of pregnancy outcome in patients treated with acetazolamide. Although some references recommend that acetazolamide be avoided in pregnancy, other authors state that it may be used “with caution.” Digre and associates4 reported on 11 patients with IIH during pregnancy. Of these 11, 3 received acetazolamide. In 1 patient the acetazolamide was discontinued after the pregnancy was discovered. One patient had a
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4. Digre KB, Varner MW, Corbett JJ. Pseudotumor cerebri and pregnancy. Neurology 1984;34:721–729. 5. Evans RW, Friedman DI. The management of pseudotumor cerebri during pregnancy. Headache 2000;40:495– 497. 6. Fox MW, Harms WR, Davis DH. Selected neurologic complications of pregnancy. Mayo Clin Proc 1990;65:1595–1618. 7. Nakatasuka T, Komatsu T, Fujii T. Axial skeletal malformations induced by acetazolamide in rabbits. Teratology 1992; 45:629 – 636. 8. Robert E, Musatti L, Piscitelli G, Ferrari CI. Pregnancy outcome after treatment with the ergot derivative, cabergoline. Reprod Toxicol 1996;10:333–337. 9. Worsham F, Beckman EN, Mitchell EH. Sacrococcygeal teratoma in a neonate. Association with maternal use of acetazolamide. JAMA 1978;240:251–252. 10. Havranek P, Hedlund H, Rubenson A, et al. Sacrococcygeal teratoma in Sweden between 1978 and 1989. J Pediatr Surg 1992;27:916 –918. 11. Heinonen OP, Slone D, Shapiro S. Birth defects and drugs in pregnancy. Littleton, Massachusetts: Publishing Sciences Group, 1977. 12. Kassam SH, Hadi HA, Fadel HE, et al. Benign intracranial hypertension in pregnancy: current diagnostic and therapeutic approach. Obstet Gynecol Surg 1983;38:314 –321. 13. Huna-Baron R, Kupersmith MJ. Idiopathic intracranial hypertension in pregnancy. J Neurol 2002;249:1078 –1081. 14. Ozawa H, Azuma E, Shindo K, et al. Transient renal tubular acidosis in a neonate following transplacental acetazolamide. Eur J Pediatr 2001;160:321–322. 15. Merlob P, Litwin A, Mor N. Possible association between acetazolamide administration during pregnancy and metabolic disorders in the newborn. Eur J Obstet Gynecol Reprod Biol 1990;35:85– 88. 16. Katz VL, Peterson R, Cefalo RC. Pseudotumor cerebri and pregnancy. Am J Perinatol 1989;6:442– 425. 17. Taly AB, Sharda C, Mohan PK. Treatment of epilepsy in women of childbearing age. J Assoc Physicians India 1985; 33:365–368. 18. Holmes LB, Kawanish H, Munoz A. Acetazolamide: maternal toxicity, pattern of malformations, and litter effect. Teratology 1988;37:335–342. 19. Holmes LB, Tretlstad RL. The ealy limb deformity caused by acetazolamide. Teratology 1979;20:289 –296. 20. Scott WJ Jr, Lane PD, Randall JL, Schreiner CM. Malformations in nonlimb structures induced by acetazolamide and other inhibitors of carbonic anhydrase. Ann N Y Acad Sci 1984;429:447– 456. 21. Ellison AC, Maren TH. The effect of potassium metabolism on acetazolamide-induced teratogenesis. Johns Hopkins Med J 1972;130:105–115. 22. Biddle FG. Teratogenesis of acetazolamide in the CBA/J and SWV strains of mice. II. Genetic control of the teratogenic response. Teratology 1975;11:37– 46. 23. Biddle FG. Teratogenesis of acetazolamide in the CBA/J and SWV strains of mice. I. Teratology. Teratology 1975;11:31–36. 24. Kojima N, Naya M, Makita T. Effects of maternal acetazolamide treatment on body weights and incisor development of the fetal rat. J Vet Med Sci 1999;61:143–147. 25. Bell SM, Schreiner CM, Resnick E, Vorhees C, Scott WJ Jr. Exacerbation of acetazolamide teratogenesis by amiloride and



spontaneous abortion at 12 weeks, and 2 patients had normal pregnancy outcomes. These authors reviewed the literature on cases of IIH in pregnancy and found that 3 additional patients had received acetazolamide with no adverse pregnancy outcome. In addition, other reports have documented the use of acetazolamide in IIH in pregnancy but did not record the pregnancy outcomes. In our 12 cases, there were no minor or major malformations noted either at delivery or at the well baby visits, and all pregnancy outcomes were classified as normal. We recognize the limitations of our study. First, the relatively small sample size would not be able to detect the occurrence of a rare teratogenic effect. It is unlikely, however, that any one center or even multiple centers could collect sufficient numbers of pregnant patients with IIH treated with acetazolamide to generate a sufficient sample size. In addition, a prospective controlled trial is unlikely to occur. Nevertheless, based upon our literature review, there have been no credible well-documented reports of an adverse effect on pregnancy from acetazolamide. Second, the retrospective nature of our work and the tertiary nature of our patient populations may have produced selection or ascertainment bias. Third, the follow-up interval for our cases and those in the literature is relatively short, and late effects may have been missed. Fourth, we wish to emphasize that ophthalmologists and neurologists should not interpret this study as justification to freely prescribe acetazolamide to pregnant women with IIH, and this work does not obviate the need for pregnant patients to be counseled appropriately regarding the riskto-benefit ratio of treatment or nontreatment. Despite these limitations, we feel that our retrospective series and literature review provide little evidence for an adverse effect for acetazolamide use in pregnancy. In summary, there is no convincing evidence from the literature for the recommendation to limit the use of acetazolamide for IIH in pregnancy. Although the use of acetazolamide might be restricted in the first trimester, this recommendation may have a more medicolegal than medical rationale. It is our recommendation that acetazolamide be considered if the risk of nontreatment (e.g., progressive visual loss) is sufficiently high to warrant its use. Most patients with IIH, however, can have their acetazolamide stopped until the end of the first trimester without visual sequelae.
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