
 

 

 University of Groningen

Menstrual cycle and its disorders in women with congenital heart disease
Drenthen, Willem; Hoendermis, Elke S.; Moons, Philip; Heida, Karst Y.; Roos-Hesselink,
Jolien W.; Mulder, Barbara J.M.; Van Dijk, Arie P.J.; Vliegen, Hubert W.; Sollie, Krystyna M.;
Berger, Rolf M.F.
Published in:
Congenital heart disease

DOI:
10.1111/j.1747-0803.2008.00202.x

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2008

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Drenthen, W., Hoendermis, E. S., Moons, P., Heida, K. Y., Roos-Hesselink, J. W., Mulder, B. J. M., Van
Dijk, A. P. J., Vliegen, H. W., Sollie, K. M., Berger, R. M. F., Lely, A. T., Canobbio, M. M., Pieper, P. G., &
Berger, R. (2008). Menstrual cycle and its disorders in women with congenital heart disease. Congenital
heart disease, 3(4), 277-283. https://doi.org/10.1111/j.1747-0803.2008.00202.x

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1111/j.1747-0803.2008.00202.x
https://research.rug.nl/en/publications/eba284ec-58bf-4193-9669-ae35ebde37bb
https://doi.org/10.1111/j.1747-0803.2008.00202.x


Menstrual Cycle and its Disorders in Women with Congenital
Heart Disease

Willem Drenthen, MD, PhD,* Elke S. Hoendermis, MD, PhD,* Philip Moons, RN, PhD,†

Karst Y. Heida, MD,* Jolien W. Roos-Hesselink, MD, PhD,‡ Barbara J.M. Mulder, MD, PhD,§¶

Arie P.J. Van Dijk, MD, PhD,** Hubert W. Vliegen, MD, PhD,†† Krystyna M. Sollie, MD,‡‡

Rolf M.F. Berger, MD, PhD,§§ A. Titia Lely, MD,¶¶ Mary M. Canobbio, RN, MN, FAAN,*** and
Petronella G. Pieper, MD, PhD*

*Departments of Cardiology, ‡‡Obstetrics and Gynecology, and §§Pediatric Cardiology, University Medical Center
Groningen, Groningen; ‡Department of Cardiology, Erasmus Medical Centre, Rotterdam; §Department of Cardiology,
Academic Medical Centre, Amsterdam; ¶Department of Cardiology, University Medical Center Utrecht, Utrecht;
**Department of Cardiology, St Radboud Medical Center, Nijmegen; ††Department of Cardiology, Leiden University
Medical Centre, Leiden; ¶¶Department of Obstetrics and Gynaecology, Isala klinieken, Zwolle, The Netherlands;
†Department of Cardiology, University Hospitals Leuven, Leuven, Belgium; ***School of Nursing, Ahmanson/UCLA,
University of California, Los Angeles, Congenital Heart Disease Center, Los Angeles, Calif, USA

A B S T R A C T

Objectives. To investigate the age at menarche, the prevalence of menstrual cycle (interval) disorders, and deter-
minants in women with congenital heart disease (CHD).
Design. Using two CHD registries, 1802 (82%) of the 2196 women with CHD contacted (aged 18–58 years)
provided written informed consent. After exclusion of patients with genetic disorders known to be associated with
menstrual cycle disorders, 1593 eligible patients remained. Interviews by telephone and reviews of medical records
were conducted.
Results. Overall, the age at menarche was slightly increased in women with CHD (13.3 vs. 13.1 years in the general
population), mainly attributable to an increased prevalence of primary amenorrhea (n = 147; 9.2%). Other menstrual
cycle disorders were documented: secondary amenorrhea (n = 181, 11.4%), polymenorrhea (n = 103, 6.5%), oligo-
menorrhea (n = 90, 5.6%), and menorrhagia (n = 117, 6.5%). The occurrence of these disorders also depended on
the presence of cyanotic heart disease, surgical status, the number of surgical interventions, and the severity of CHD.
Discussion. Menstrual cycle disturbances, in particular primary amenorrhea, were frequently observed in this
population. Patients with complex (cyanotic) heart disease needing repeated surgical interventions prior to menarche
are especially at risk.

Key Words. Congenital Heart Disease; Menstrual Cycle; Amenorrhea

Introduction

Menstrual function is an important aspect of
normal female physical and psychological

development. Disturbances of this menstrual cycle
have a significant impact on a patient’s quality of
life and may be associated with (sub)-infertility.

In women with complex congenital heart disease
(CHD), menstrual cycle disorders have been
described. Both Canobbio and Drenthen et al.
showed that in women with a Fontan procedure,
the age of menarche was delayed. The average age
at menarche in these studies was higher due to an
increased prevalence of primary amenorrhea.1,2

It has been hypothesized that exposure to
chronic hypoxemia in the context of cyanotic
CHD influences ovarian function with subsequent
menstrual cycle abnormalities. It may be specu-
lated that surgical interventions early in life may
influence ovarian function. Furthermore, it can
be hypothesized that chronic systemic venous
congestion, pulmonary hypertension, concomitant
cardiac medication, residual valvular heart disease,
and the recurrence of rhythm disorders with their
hemodynamic consequences could impact gyneco-
logical health.

The primary objective of the present study is to
give a cross-sectional description of the menstrual
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cycle and its disorders in a large cohort of women
with CHD. A secondary objective was to compare
the results with the number of incidence and
prevalence found in the general population, and to
identify possible CHD-related predictors of these
menstrual cycle disorders.

Patients and Method

For the present study, 2196 female patients with
CHD aged 18–58 years were drawn from the
nationwide CONgenital CORvitia (CONCOR)
registry and a Belgian tertiary medical center’s
adult CHD database. Together, these registries
had included 8035 patients with CHD at study
selection. Overall, 1802 patients consented to par-
ticipate. Females with identified genetic disorders
(see below) were eliminated from the study. The
institutional review board or ethics committee of
the seven participating tertiary centers approved
the study protocol.

Basic native anatomy, prior surgical procedures,
comorbidities, and medical history were recorded
using the European Pediatric Cardiac Coding
system. Patients were asked by telephone to com-
plete a questionnaire, which included questions
concerning their age at menarche and visits to the
gynecologist due to menstrual cycle disorders.
In case a patient had visited the gynecologist for
menstrual cycle disorders, their medical files were
reviewed. Detailed information (cycle duration,
regularity) was retrieved regarding the patient’s
most recent menstrual cycle not influenced by the
use of contraception or other types of hormone
therapy. This cycle needed to be at least three
months after cessation of this therapeutic interven-
tion, but not within the first year after menarche.

Study endpoints (according to the Dutch and
Belgian gynecology societies at the time of study
design) included: (1) primary amenorrhea
(menarche not established by the 16th birthday;
(2) secondary amenorrhea (absence of menstrua-
tion for 180 days or more after the patient had had
her menarche); (3) oligomenorrhea or infrequent
bleeding (menstrual bleeding at intervals >35
days); (4) polymenorrhea or frequent bleeding
(menstrual bleeding at intervals <24 days); (5)
menorrhagia (excessive or prolonged [>7 days]
menstrual bleeding occurring at regular intervals
characterized by loss of blood clots or develop-
ment of anemia).

Using a Clinitrial data-entry program (Clini-
trial, Phase Forward, Waltham, MA) to record
information, the data was converted to SPSS

(version 11.0; SPSS Inc., Chicago, IL) for statistical
analysis. Descriptive statistics for nominal data
were expressed in absolute numbers and percent-
ages. Mean values and standard deviations were
calculated for normally distributed continuous
variables after checking for normality. Medians and
quartiles were computed for continuous variables
with non-normal distribution. Univariable binary
logistic regression was performed to identify pos-
sible CHD-related predictors of menstrual cycle
disorders, such as any surgical palliation or correc-
tion prior to menarche (number of interventions,
divided into the following four categories: uncor-
rected, corrected, palliated + corrected, and cor-
rected), age at correction, the presence of cyanosis,
“in origin/at birth” cyanotic heart disease, and
disease severity according to the American College
of Cardiology (ACC) Task Force 1, the known
underlying gynecological disease and the above-
mentioned endpoints.3 Data of these regression
analyses are presented as odds ratio (OR) � 95%
confidence intervals (CI) and their subsequent P
values. Multivariable age-corrected models were
constructed per endpoint using the univariable pre-
dictors with a cut-off P value of <.10. All tests
performed to test the zero hypotheses were two-
sided. A P value <.05 was considered statistically
significant.

Results

Baseline characteristics of the enrolled 1802
patients (participation rate 82%) are summarized
in Table 1. Genetic disorders were diagnosed in
209 patients, including Marfan (n = 131), Down
(n = 33), Turner (n = 19), Noonan (n = 9), and
other syndromes (n = 17, mainly based on associ-
ated malformations or malfunction of the uterus
or ovaries); these patients were eliminated from
the final analysis.

An overview of the mean age at menarche,
average cycle length, and menstrual cycle disor-
ders per CHD category for the remaining 1593
subjects is depicted in Table 2. The mean age at
menarche was 13.3 � 1.5 years, which is slightly
higher than the 13.15 years found in the general
population in the Netherlands. In addition, it
was found that irrespective of surgical status,
menarche was delayed in females with “in origin”
cyanotic heart disease (13.5 years).

Figure 1 illustrates the effects of surgical status,
the number of surgical interventions prior to
menarche and CHD severity upon the age that
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patients reach menarche. No correlation between
the age at correction and age at menarche was
found.

One hundred forty-seven (9.2%) women with
CHD met the criteria of primary amenorrhea.
Univariable binary logistic regression showed
that patients who were only palliated prior to
menarche (P < .001), patients with a higher
number of surgical interventions (P = .001), those
with “in origin” cyanotic heart disease (P = .01),
and those with severe CHD (in comparison with
simple defects: P < .001) were at higher risk.
Multivariable binary logistic regression corrected
for the patients’ age and, when applicable, gyne-
cological abnormalities showed that only having
had palliative surgery (OR 2.43, 95% CI 1.30–
4.54; P = .006) and severity of CHD (OR 2.08,
95%CI 1.25–3.47; P = .005) remained indepen-
dent predictors of primary amenorrhea.

In total, 181 (11.4%) women with CHD
reported at least one episode of secondary

Table 1. Baseline Characteristics of the 1802 Enrolled
Women with Congenital Heart Disease Prior to Menarche*

n = 1802

Mean age at inclusion (years) 31.6 � 8.1
CHD diagnosis

Septal defects 536 (29.7)
Right ventricular outflow tract obstruction 214 (11.9)
Tetralogy of Fallot 204 (11.3)
Aortic coarctation 181 (10.0)
Left ventricular outflow tract obstruction 157 (8.7)
Complete transposition of great arteries 91 (5.0)
Pulmonary hypertension (including
Eisenmenger)

26 (1.4)

Complex CHD 128 (7.1)
Other CHDs 134 (7.4)
Marfan 131 (7.3)

Palliative surgery prior to menarche 215 (11.9)
Median age at palliation (years) 1 (range 0–16)
Type of initial palliative surgery
Blalock–Taussig 43
Waterston shunt 36
Rashkind atrio-septostomy 41
Blalock–Hanlon 16
Pulmonary artery banding 29
Fontan circulation 14
Other 36

Corrective surgery prior to menarche 827 (45.9)
Mean age at correction (years) 5.1 � 3.4

Number of surgical interventions prior to menarche
none 894 (49.6)
1 666 (37.0)
2 173 (9.6)
More than 2 69 (3.8)

Medical history prior to menarche:
Arrhythmias 5 (0.3)
Heart failure 0
Cerebrovascular accident 7 (0.4)
Endocarditis 6 (0.3)

*Number of patients (%) unless otherwise documented.
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amenorrhea, 31 of whom underwent evaluation by
a gynecologist. Diagnoses for secondary amenor-
rhea included ovarian disease (n = 13), (premature)
ovarian failure (n = 6), endometriosis (n = 4),
polycystic ovarian syndrome (n = 3), functional
hypothalamic dysfunction (n = 10), and endocrino-
logical disease (n = 4; 2 secondary to thyroid
disease, and 2 pituitary disease). Four patients were
found to have anatomical uterine disease, including
one Asherman’s syndrome. For the remaining 150
patients, no medical evaluation was given for the
reported secondary amenorrhea. Patients self-
reported what they felt may have caused the
episode of secondary amenorrhea. These included
health problem and/or deterioration of their CHD
(n = 17), surgery for heart disease (n = 16), extreme
weight loss or anorexia (n = 15), emotional stress

(n = 12), post-pregnancy recovery (n = 12), and
having been involved in strenuous exercise/sport
(n = 5) at the time of secondary amenorrhea. The
remaining patients could not explain the episode(s)
of secondary amenorrhea. The persistence of
cyanosis beyond menarche predicted the occur-
rence of secondary amenorrhea (OR 3.17, 95% CI
1.52–6.58; P = .002).

Oligomenorrhea was reported by 5.6% (n = 90)
of the women with CHD. When corrected for age
and known underlying gynecological disease, a
trend towards more frequent occurrence of oligo-
menorrhea in patients with a higher number of
surgical interventions (P = .064) became apparent.
In the sample, 6.5% (n = 103) reported average
cycle lengths of <24 days. Again, no univariable
predictors could be identified.
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Figure 1. (A) Effect of surgical status prior to menarche on the age menarche is reached (B) Effect of the number of surgical
interventions prior to menarche on the age menarche is reached. (C) Effect of disease severity according to the ACC Task
Force3 on the age menarche is reached.
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Menorrhagia was reported in 117 (7.3%)
women. Women who were corrected (P < .001)
or a higher number of surgical interventions
(P = .040) appeared be at lower risk of developing
menorrhagia. Multivariable analysis showed that,
when corrected for age, only an uncorrected sur-
gical status was an independent predictor of men-
orrhagia (OR 1.90, 95% CI 1.27–2.86; P = .002).
In 30 women, the cause of the menorrhagia was
known: structural (intra-uterine) lesions (n = 11,
37%, mainly myomas), anticoagulation (n = 3,
10%), and other gynecological disorders (n = 16,
53%). In most patients, the cause was unknown.

Discussion

The present study shows that age at menarche is
slightly delayed in women with CHD, mainly
attributable to the high rate of primary amenor-
rhea. Patients that only underwent palliative
surgery and those with more severe CHD appear
to be at higher risk of primary amenorrhea. More-
over, the occurrence of secondary amenorrhea and
oligomenorrhea also appear excessive.

The age at menarche appears to be delayed
in women with CHD. Canobbio et al. reported a
similar (also significantly delayed) age at
menarche (13.4 years) in their cohort of 98
women with CHD.4 In women with cyanotic
CHD, they found that menarche occurred even
later (13.9 years). In the present study, menarche
appears to be particularly delayed in those
patients with “in origin” cyanotic CHD and
those with complex CHD. Patients that remained
cyanotic prior to menarche reached menarche at
an age comparable with patients with “in origin”
cyanotic CHD. As the objective of corrective
surgery is to resolve cyanosis, the age at repair
can be considered a surrogate variable indicating
the duration of hypoxia exposure. The age at cor-
rection, however, was not correlated with the
patients’ age at menarche. This implies that the
duration of exposure to relative hypoxemia does
not appear to gravely affect the age at menarche
in patients with CHD. The effect of cyanosis
severity could not be investigated in the present
study due to missing data. In addition to cyano-
sis, hemodynamic factors may play an important
role. Since the early seventies, ovarian blood flow
has been suggested as an important determinant
of ovarian function.5,6 We hypothesize that
forward failure of the systemic ventricle and
venous congestion may interfere with the oxygen
and nutritional support essential for normal

ovarian function. Prospective research is needed
to investigate if and how ovarian blood flow is
influenced by the presence of, in particularly,
complex CHD.

It appears that for every surgical procedure
performed prior to menarche, menarche is post-
poned for a certain amount of time. The time
span between surgical intervention and
menarche, however, did not affect the age at
menarche. Several explanations could be pro-
posed. Each intervention performed may damage
ovarian function due to the hemodynamic shifts
during the procedures, the administration of
(anesthetic and analgesic) drugs, or as simple as
activation of the sympathetic nervous system
based on “fright and flight” survival mechanism.
The ovaries need time to recuperate after the
event. Then again, the CHD patients who need
several surgical interventions as well as the “in
origin” cyanotic CHD patients are patients with
generally more severe diseases. Also, the surgical
status prior to menarche depicted in Figure 1
strengthens this assumption. It is, therefore,
plausible that age at menarche merely reflects the
severity of the underlying CHD. By this mecha-
nism, procreation is guaranteed for those patients
physically suitable for this important feature of
human nature.

Primary amenorrhea generally occurs in 0.1–
2.5% of women in the general population. In
patients with CHD, this was remarkably higher.
In concordance with the factors associated with
a higher age at menarche, significant predictors
of primary amenorrhea were, a higher number of
surgical interventions prior to menarche, “in
origin” cyanotic heart disease, and having only had
palliative surgery. These factors, therefore, do not
appear to interfere with normal growth and sec-
ondary sexual development. Diagnostic tests to
pinpoint the cause of primary amenorrhea were
not performed in all patients. As a consequence,
certain causes cannot be ruled out with confi-
dence. Conversely, the fact that most patients
reached menarche without surgical or other sort of
gynecological intervention suggests a more func-
tional deficiency, rather than anatomical or genetic
disorders.

Cannobio was also the first to report other
menstrual cycle disturbances among patients with
CHD. In their cohort of patients who had under-
gone Fontan palliation, a subset of patients
reported dysfunctional bleeding evidenced by
complaints of oligomenorrhea, menorrhagia, and
amenorrhea.1 It was suggested that there could
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be a relation with the duration of cyanosis after
menarche, although the exact cause remained to
be elucidated. In a subsequently conducted study
in a tertiary cohort of CHD patients, Canobbio
et al. indicated that menstrual patterns were
similar to those of the general population. In
patients who remained cyanotic, however, delay of
menarche and an increased incidence of cycle
lengths of shorter (<25 days) and longer (>35 days)
duration were observed.4

The occurrence of �1 episode of secondary
amenorrhea is also remarkably high (10.3%),
while only 0.7–3.0% of the women in the general
population report this menstrual cycle distur-
bance. In the patients that sought gynecological
care, the distribution of diagnoses that explained
the secondary amenorrhea did not differ from
that found in the general population: ovarian
disease (42 vs. 40%), hypothalamic dysfunction
(32 vs. 35%), endocrine disorders (13 vs. 19%),
and uterine disease (13% vs. 5%). Patients who
were cyanotic prior to menarche appear to be at
greater risk of developing secondary amenorrhea.
Oligomenorrhea also appears to be common in
women with CHD, though comparative data of
the general population are lacking. Again, the
number of surgical interventions prior to
menarche surfaces as a potential predictor.
Importantly, patients with primary amenorrhea
were not the same patients as those that devel-
oped secondary amenorrhea or oligomenorrhea.
A similar etiology of the three thus far discussed
complaints remains possible. Functional hypotha-
lamic amenorrhea is a common cause of both
amenorrhea and oligomenorrhea. It is a disorder
that, by definition, excludes pathologic disease,
and is characterized by a decrease in hypotha-
lamic gonadotropin-releasing hormone secretion.
Multiple factors may contribute to the pathogen-
esis of functional hypothalamic amenorrhea,
including eating disorders, such as anorexia
nervosa, exercise, and stress. The self-reported
causes of secondary amenorrhea in women with
CHD included several factors that may have con-
tributed (see Results section, page 4).

Menorrhagia was mainly reported by patients
with uncorrected CHD. The concomitant use of
anticoagulation appears to increase the risk of
menorrhagia, though no significant relationship
was found. In the general population, the main
causes are systemic illness (e.g., hypothyroidism)
and intra-uterine lesions (e.g., myomas). Coagu-
lopathies secondary to hematological disorders
(for example, von Willebrands disease) or malig-

nancy are relatively rare. In our patients, the
presence of CHD may be the systemic illness
responsible for most cases of menorrhagia; nev-
ertheless, this needs to be investigated in a pro-
spective fashion.

Several potential limitations must be noted.
The retrospective design necessitated a review
of patient’s medical records, and consequently,
missing values are inevitable. The exclusion of
patients with genetic disorders introduced a
selection bias as would the inclusion of these dis-
orders. The definitions of the used endpoints are
currently subject of debate and are, therefore, not
universally agreed upon. Recall bias may have
influenced the results obtained by questionnaires.
The present study should be seen as a descrip-
tive, and therefore, hypothesis-generating study.
We were insufficiently informed on the body
mass index of our patients at the time of
menarche. Since weight is an important factor,
and cachexia is known to delay menarche, this
may have influenced the outcome of the present
study. Conclusions on causality of the observed
relations cannot be drawn with confidence due
to the lack of clinical gynecological evaluation
and laboratory measurements of hormone levels.
A prospective case-control design would be
useful and could improve the level of statistical
proof.

In conclusion, this hypothesis-generating study
suggests that menarche appears to be slightly
delayed in women with CHD. A high prevalence
of primary amenorrhea was especially observed.
Moreover, several disorders of the menstrual cycle
appear more prevalent. The type of CHD (cyan-
otic vs. acyanotic), the persistence of cyanosis,
and the number of surgical interventions prior
to menarche appear to predict the occurrence of
these disorders. The results are suggestive of a
“functional” common pathway that needs further
exploration.
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