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Incidental findings on coronary computed 
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Abstract 

Objective:  To determine the prevalence of incidental findings (IFs) on coronary computed tomography (CCT) in 
women aged 45–55 years and previously diagnosed with reproductive disorders such as polycystic ovary syndrome 
(PCOS), premature ovarian insufficiency (POI) or preeclampsia (PE).

Methods:  A total of 486 middle-aged women with PCOS (n = 101), POI (n = 97) or a history of PE (n = 288) under‑
went a CCT as part of a prior prospective study. IFs were categorized by their significance (minor, moderate and 
major). Follow-up information was collected from patients’ records. To investigate the impact of different field of views 
(FOVs), a subset of scans was analyzed in full FOV and small FOV.

Results:  In 96/486 (19.8%) women, one or more IFs were detected, of which 54/486 (11.1%) were classified as 
moderate/major and 48/486 (9.9%) required follow-up. A moderate/major IF was detected in 16/101 (15.9%) women 
with PCOS, 13/97 (13.4%) women with POI and 25/288 (8.7%) women with a history of PE. In 78 women with an 
IF detected in the full FOV, the IF was still visible in 60 (76.9%) women in the small FOV. In the full FOV, 46 women 
required follow-up, but using the small FOV this was reduced to 30 women.

Conclusion:  Using CCT as a cardiovascular disease screening tool in women with selected reproductive disorders 
increases the probability of detecting IFs that can cause anxiety and may generate extra costs, but can also reveal 
clinically relevant findings. Using a small FOV centered around the heart resulted in a lower prevalence of IFs and 
required less follow-up.
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Key points

•	 Using CT scans as a  cardiovascular screening tool 
increases the probability of detecting incidental find-
ings in middle-aged women with reproductive disor-
ders.

•	 Incidental findings can potentially cause anxiety and 
may generate extra costs for downstream diagnostic 
testing but can also reveal clinically relevant findings.
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•	 Using a reconstructed small field of view resulted 
in a lower prevalence of incidental findings and 
required less follow-up diagnostics.

Introduction
Women with reproductive disorders, including poly-
cystic ovary syndrome (PCOS), premature ovarian 
insufficiency (POI) and hypertensive pregnancy dis-
orders (HPD), such as preeclampsia (PE), are more 
prone to develop cardiovascular diseases (CVD) later 
in life [1–4]. For example, PCOS is associated with 
cardiometabolic risk factors, such as obesity, dyslipi-
demia, type II diabetes, hypertension and metabolic 
syndrome, all of which increase the risk of CVD [5, 
6]. Women with POI exhibit an unfavorable cardio-
vascular risk profile, including higher abdominal fat, 
elevated chronic inflammatory factors and a predispo-
sition toward hypertension [7]. Women experiencing 
PE in pregnancy have an increased risk of developing 
hypertension and subclinical atherosclerosis at age 
45–55 years [8]. This increased risk of CVD in women 
with reproductive disorders has many underlying 
mechanisms and highlights the importance of cardio-
vascular screening of this population [9].

Coronary computed tomography (CCT) can be used 
as a screening tool to detect presymptomatic coronary 
artery disease (CAD). However, this is not standard 
practice for women with reproductive disorders. CCT 
opens the possibility of recognizing and treating milder 
forms of CAD with lifestyle recommendations and/
or medical therapy to prevent serious CVD later on. 
However, CCT also introduces the problem of detect-
ing incidental findings (IFs). An IF is an unexpected 
new finding on any medical test that is not the aim of 
the test and may have potential health consequences 
[10, 11]. The prevalence of IFs in research chest imag-
ing is around 30%, depending on the study popula-
tion [12] and can be more prevalent than the target of 
the scan. Visualizing and reporting IFs is a matter of 
debate. Although some IFs can reveal a treatable dis-
ease or cancer in an early stage, many IFs are irrelevant 
and often lead to more downstream diagnostic testing, 
resulting in higher healthcare costs and increased anxi-
ety for the patient [13, 14].

No previous studies have investigated the prevalence of 
IFs in middle-aged women with reproductive disorders. 
In this study, we provide a descriptive analysis of the 
prevalence of IFs in women aged 45–55 years with PCOS, 
POI or a history of PE who underwent CCT as part of a 
previous published study, to assess cardiovascular disease 
in these women [15].

Materials and methods
Study design and study setting
In this cross-sectional study, we investigated the prev-
alence and nature of IFs in women with PCOS, POI 
or a history of PE that underwent CCT as part of the 
CREw-IMAGO study [15]. The rationale and design 
of the CREw-IMAGO study (Cardiovascular Risk Pro-
file: Imaging and Gender-Specific Disorders) have been 
published previously (URL: http://​www.​trial​regis​ter.​nl/​
trial​reg/​index.​asp. Unique identifier: NTR5531) [15]. In 
short, the aim of this study was to assess CVD by using 
CCT in patients with a history of selected reproduc-
tive disorders. The study was performed at two Uni-
versity Medical Centers, in Utrecht (UMC Utrecht) 
and Rotterdam (Erasmus MC), in the Netherlands and 
approved by the Medical Research Ethics Commit-
tee (METC number 15-508). All participants provided 
written informed consent.

Study participants
All patients with one of the three mentioned repro-
ductive disorders underwent regular cardiovascular 
screening at a specialized vascular outpatient clinic 
in the participating hospitals, as part of standard pre-
ventive care. The study population was composed of 
women aged 45–55  years who were diagnosed dur-
ing their reproductive age with one of the following 
disorders:

1. PCOS, as defined by Rotterdam consensus criteria 
[16], requiring the presence of at least two of the fol-
lowing criteria: (1) oligo − /anovulation, (2) clinical 
and/or biochemical hyperandrogenism and (3) polycys-
tic ovaries on ultrasonography.

2. POI, as defined in the Dutch Society of Obstetrics 
and Gynaecology (NVOG) guideline [17], requiring 
the presence of a secondary amenorrhea for at least 
4  months accompanied by elevated FSH levels above 
40 IU/L, occurring prior to the age of 40.

3. A history of PE, as defined by the International 
Society for the Study of Hypertension in Pregnancy cri-
teria [18], including early-onset PE (i.e., delivery before 
34  weeks of gestation) and late-onset PE (i.e., delivery 
after 34 weeks of gestation).

Information on ethnicity, educational level, smoking, 
alcohol use, oral contraceptive, or hormone replace-
ment therapy (HRT) use, parity and menopausal status 
were obtained from questionnaires prior to the CCT. 
Age was calculated based on date of birth and date of 
CCT. Women’s height and weight were measured dur-
ing a visit for the non-invasive vascular measurement, 
and body mass index (BMI, kg/m2) was calculated.

http://www.trialregister.nl/trialreg/index.asp
http://www.trialregister.nl/trialreg/index.asp
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Coronary CT imaging
Participants underwent non-contrast-enhanced CCT to 
assess the coronary calcium (CAC) score, followed by 
contrast-enhanced CT angiography (CCTA) to assess 
coronary artery atherosclerosis and stenosis. The CCT 
imaging protocol has been published previously [15]. 
Relevant CAD was defined by luminal stenosis of ≥ 50% 
or a CAC score ≥ 100 AU.

All CCTs in both centers were reconstructed accord-
ing to the local standard protocol. The CCTs in UMC 
Utrecht were made on a 256-slice scanner (iCT, Philips 
Healthcare, Best, the Netherlands), reconstructed with 
a small field of view (FOV) of 180 mm centered around 
the heart (Fig.  1) and assessed for CAD and IFs by a 
single experienced cardiovascular radiologist. All CCTs 
performed in Erasmus MC were made on a dual-source 

scanner (Somaton Force or Drive Siemens CT, Siemens, 
Forchheim, Germany), reconstructed in both a small 
FOV of 180 mm and a full FOV, from skin to skin in the 
irradiated area (Fig. 1), and assessed for CAD and IFs by 
an experienced cardiovascular imaging fellow (qualified 
radiologist) and a cardiovascular radiologist (so called 
double reading). To investigate the potential added 
value of this double reading, 60 (21.1%) random CCTs 
from the UMC Utrecht were additionally assessed for 
IFs by a cardiovascular imaging fellow (qualified radi-
ologist) in this center (Fig. 2). To investigate the impact 
of using different FOVs, all CCTs with an IF at Erasmus 
MC (n = 78) were additionally evaluated in a smaller 
FOV (180  mm) to establish whether IFs were still vis-
ible (Fig. 2).

Fig. 1  Examples of a moderate liver and a moderate lung IF in different field of views. a An example of a moderate liver IF (a hypervascular lesion) 
in a full field of view (FOV) with a ‘soft tissue’ window level (C:40 W:400). b The same CTA as a, but in a small FOV, in which the moderate liver IF falls 
beyond the area of this reconstruction. c An example of a moderate lung IF (a lung nodule) in a full FOV with a ‘lung’ window level (C:-600 W:1200). 
d The same CTA as c, but in the small FOV, in which the lung nodule falls beyond the area if this reconstruction
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Incidental findings
All IFs were reported by (fellow) radiologists, and the 
potential implications for medical management were 
scored by two researchers. Disagreements in scoring 
were resolved through consensus or by an experienced 
radiologist. In the result section as well as in Table  2 
and Fig.  2, the IFs are shown as IFs detected in the 
small FOV, and in the last part of the result section IFs 
in both FOVs will be demonstrated.

IFs were categorized in three groups, based on the 
scoring system of the Royal College of Radiologists [12]:

•	 Major: Always requiring further investigation and 
likely to have adverse health effects.

•	 Moderate: Usually requires further investigation 
but health effects are unclear.

•	 Minor: Rarely requires further investigation and 
unlikely to have adverse health effects.

Information about follow-up was extracted from 
patient records if follow-up was performed in the same 
hospital as where the CCTs were performed. However, 
some women were referred back to their general prac-
titioner or referral hospital for the necessary follow-
up. Because of privacy regulations, we were not able to 
retrieve this follow-up information.

Statistical analysis
Baseline characteristics were expressed as medians with 
interquartile ranges or numbers with percentages. The 
IFs were presented as number of women with one or 
more IF(s) with percentages.

Results
Prevalence and nature of incidental findings
We included 101 women with PCOS, 97 women with 
POI and 288 women with a history of PE. Table 1 shows 

Fig. 2  Flowchart methods and results. The IFs shown in this figure are IFs detected in the small FOV. *Major IFs, in the POI group it included 2 major 
lung IFs and in the PE group 1 major lung IF
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the baseline characteristics. The median age of women 
with PCOS was 48.6  years (46.7–53.2), of women with 
POI 48.2 years (46.5–51.9) and of women with a history 
of PE 46.2 years (43.7–49.3). The following demonstrated 
IFs are IFs detected in the small FOV. In the last part of 
the results, the differences of both FOVs are shown. IFs 
were detected in 32/101 (31.7%) women with PCOS, in 
22/97 (22.7%) women with POI and in 42/288 (14.6%) 
women with a history of PE. As part of the cardiovascular 
screening in the CREw IMAGO study, relevant CAD was 
detected in 5.4% of women with PCOS, in 3.1% of women 
with POI and in 6.7% of women with a history of PE.

Women with PCOS
In the PCOS group using the small FOV, 15/101 (14.9%) 
women had one moderate IF on CCT, 1/101 (1.0%) 
women had two moderate IFs and follow-up was required 
in 12/101 (11.9%). These IFs were most frequently found 
in the lungs (n = 6) and liver (n = 4) (Fig. 2 and Table 2). 
Follow-up information was available for 5/6 women 
with lung IFs. One woman was found to have recur-
rent pneumonia, and she was diagnosed with impaired 
anti-polysaccharide antibody response and was treated 
accordingly. The other four women were discharged from 

further follow-up because the IFs were classified as irrel-
evant during follow-up. For 3/4 women with a moderate 
liver IF, follow-up information was available. One woman 
was already known with a multinodular liver; therefore, 
no follow-up diagnostics was needed. Another woman 
underwent an abdominal ultrasound which confirmed 
the IF was a hemangioma. In the third case, an abdominal 
radiologist was consulted who concluded that the liver 
lesion seen on CCT was a hemangioma and no further 
follow-up was required. In 20/101 (19.8%) women, one or 
more minor IFs were detected, the most frequently found 
IFs were cysts in the liver and a diaphragmatic hernia. 
More details on the minor IFs detected in women with 
PCOS are presented in Fig. 2.

Women with POI
In the POI group using the small FOV, 7/97 (7.2%) 
women had one moderate/major IF, 6/97 (6.2%) women 
had two or more moderate/major IFs and in 13/97 
(13.4%) follow-up was required. These IFs were most fre-
quently found in the lungs (n = 5), heart (n = 5) and liver 
(n = 4) (Fig. 2 and Table 2). The lung IFs of three women 
were classified as moderate and two as major. Follow-up 
information was available for 1/2 women with a major 

Table 1  Baseline characteristics

Values are observed data and represent medians (IQR) or number of patients (valid %). The presented data of IFs are minor, moderate and major IFs, all detected in the 
small field of view

IQR, interquartile range; PCOS, polycystic ovary syndrome; POI, primary ovarian insufficiency; PE, preeclampsia; BMI, body mass index; HRT, hormone replacement 
therapy; IF, incidental finding. aRelevant coronary artery disease = luminal stenosis of ≥ 50% or a CAC score ≥ 100 AU

PCOS (n = 101) POI (n = 97) PE (n = 288)

Age, median (IQR) (years) 48.6 (46.7–53.2) 48.2 (46.5–51.9) 46.2 (43.7–49.3)

BMI, median (IQR) (kg/m2) 27.3 (23.6–32.0) 24.9 (22.3–27.7) 26.5 (23.4–30.4)

Ethnicity (Northern-European), n (%) 86 (86.9) 94 (96.9) 123 (90.4)

Educational level, n (%)

 Low 15 (16.0) 18 (19.4) 41 (15.0)

 Middle 41 (43.6) 34 (36.6) 109 (39.8)

 High 38 (40.4) 41 (44.1) 124 (45.3)

Ever smoker, n (%) 39 (39.4) 47 (49.5) 104 (37.7)

Current alcohol use, n (%) 64 (64.6) 70 (75.3) 192 (68.8)

Oral contraceptive use, n (%)

 Ever 77 (77.8) 90 (100.0) 242 (89.0)

 Never 9 (9.1) – 10 (3.7)

 Now 13 (13.1) – 20 (7.4)

Nulliparous, n (%) 17 (20.0) 10 (16.1) –

Menopausal status, n (%) 27 (31.0) 97 (100.0) 99 (40.1)

HRT use, n (%)

 Ever 8 (27.6) 59 (67.0) 4 (4.9)

 Never 21 (72.4) 27 (30.7) 73 (89.0)

 Now – 2 (2.3) 5 (6.1)

Relevant coronary artery diseasea 5 (5.4) 3 (3.1) 18 (6.7)

Women with IF(s) 32 (31.7) 22 (22.7) 42 (14.6)
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lung IF. The combination of multiple pulmonary consoli-
dations and mediastinal lymphadenopathy was suspect 
for sarcoidosis. The sarcoidosis diagnosis was confirmed 
by a follow-up chest CT scan and a bronchoalveolar lav-
age. Follow-up information was available for 3/5 women 
with a moderate heart IF. A cardiologist was consulted for 
all three women, two of whom (a small ventricular septal 
defect and a possible fistula between the left auricle and 
pulmonary artery) did not require further diagnostics or 
follow-up. The third woman with a dilated thoracic aorta 
underwent echocardiography and will undergo regular 
follow-up imaging. Follow-up information was available 
for 2/4 women with a moderate liver IF. The first woman 
underwent an ultrasound in which the liver IF was not 
visible. In the second woman a hypervascular lesion was 
found on CT and during follow-up  magnetic resonance 
imaging (MRI) it was interpreted as liver adenoma with-
out progression for 4  years follow-up. In 9/97 (9.3%) 
women, a minor IF was detected, the most frequently 
found IFs were cysts in the liver and a diaphragmatic 

hernia. More details on the minor IFs detected in women 
with POI are presented in Fig. 2.

Women with a history of PE
In the PE group using the small FOV, 23/288 (8.0%) 
women had one moderate/major IF, two (0.7%) women 
had two or more moderate/major IFs and in 23/288 
(8.0%) follow-up was required. These IFs were most fre-
quently found in the lungs (n = 6), heart (n  = 8) and liver 
(n = 7) (Fig.  2 and Table  2). 5/6 lung IFs were classified 
as moderate and one as major. Follow-up information 
about the woman with the major IF was missing, and for 
3/5 women with a moderate lung IF the information was 
available. The first woman underwent a CT scan after 
6 months to follow up three small nodules, which showed 
no changes and were therefore classified as irrelevant. 
The second woman also underwent a follow-up CT 
scan which concluded that the consolidation seen in the 
first scan was atelectasis. The third woman underwent 
multiple CT scans and a total body positron emission 
tomography (PET) CT because of growth of the lesion. 

Table 2  Moderate/major incidental findings in the three different patient populations

Values are observed data in number of women with moderate or major incidental findings (% valid). This table shows the detected IFs in the small field of view (FOV)

PCOS, polycystic ovary syndrome; POI, primary ovarian insufficiency; PE, preeclampsia; IF, Incidental finding; EMC, Erasmus Medical Center; UMCU, University Medical 
Center Utrecht; CT, computed tomography; MRI, magnetic resonance imaging
± The lung IFs of 2 women were classified as major
† The lung IF of one woman was classified as major
a Clinically relevant findings = incidental findings which required further treatment

*Percentage of follow-up required

**Percentages of follow-up performed in EMC or UMCU

PCOS (n = 101) POI (n = 97) PE (n = 288) Total (n = 486)

Women with 1 IF 15 (14.9) 7 (7.2) 23 (8.0) 45 (9.3)

Women with 2 or more IFs 1 (1.0) 6 (6.2) 2 (0.7) 9 (1.9)

Lung 6 (5.9) 5 (5.2)± 6 (2.1)† 17 (3.5)

Liver 4 (4.0) 4 (4.1) 7 (2.4) 15 (3.1)

Lymphadenopathy 2 (2.0) 3 (3.1) 2 (0.7) 7 (1.4)

Breast 1 (1.0) – 1 (0.3) 2 (0.4)

Heart 2 (2.0) 5 (5.2) 8 (2.8) 15 (3.1)

Gastrointestinal tract – 1 (1.0) – 1 (0.2)

Blood vessels 1 (1.0) – 1 (0.3) 2 (0.4)

Kidney/adrenal 1 (1.0) – – 1 (0.2)

Mediastinum – – 1 (0.3) 1 (0.2)

Follow-up required 12 (11.9) 13 (13.4) 23 (8.0) 48 (9.9)

Follow-up performed in EMC or UMCU 7 (58.3*) 7 (53.8*) 16 (69.6*) 30 (62.5*)

Follow-up performed by:

 Ultrasound 1 (16.7**) 2 (28.6**) 5 (31.3**) 8 (28.6**)

 CT scan or MRI 5 (83.3**) 3 (42.9**) 6 (37.5**) 14 (46.7**)

 PET scan – – 2 (12.5**) 2 (7.1**)

 X-ray – – 1 (6.3**) 1 (3.6**)

 Consultation 1 (14.3**) 2 (28.6**) 2 (12.5**) 5 (16.7**)

Clinically relevant Findings a 1 (14.3**) 3 (42.9**) 5 (31.3**) 9 (32.1**)
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Follow-up for this lesion is ongoing as there is no defi-
nite diagnosis yet. Follow-up information was available 
for 6/8 women with a moderate cardiac IF. Two women 
with a dilated aorta have regular follow-up with CT scans 
or echocardiography. Two women with an old myocar-
dial infarction were referred to a cardiologist and were 
treaded accordingly. One woman was referred to the 
cardiologist because of mitral valve billowing, which did 
not need further investigation or treatment. One woman 
underwent an echocardiography because of a suspicion 
of an incomplete core tri-atrium sinistra, but the echo-
cardiography did not confirm this. Follow-up informa-
tion was available for 3/7 women with a moderate liver 
IF. In the first woman, the lesion could not be detected 
with an ultrasound, in the second woman the lesion was 
classified as a hemangioma, and in the third woman 
ultrasound image quality was insufficient and a mul-
tiphase CT scan was performed, classifying the lesion as 
a hemangioma. The CCT of one woman showed a lesion 
in the left breast, but the follow-up mammography did 
not show any suspicious lesions. A splenic artery aneu-
rysm was found in one woman, which was confirmed by 
an additional abdominal CT angiography scan, but no 
further follow-up was necessary. Finally, the CCT of one 
woman revealed a mass behind the mediastinum, which 
was most likely a bronchogenic cyst on a follow-up MRI 
scan. One year later, it remained unchanged on a fol-
low-up chest CT scan, so further follow-up is only con-
sidered necessary if she develops symptoms. In 18/282 
(6.3%) women, one or more minor IFs were detected, the 
most frequently found IFs were cysts in the liver and a 
diaphragmatic hernia. More details on the minor IFs 
detected in women with a history of PE are presented in 
Fig. 2.

Sensitivity analysis
Incidental findings based on double versus single reading
Sixty (21.1%) random CCTs from the UMC Utrecht were 
additionally assessed for IFs by a cardiovascular imaging 
fellow (qualified radiologist) in this center, to investigate 
the potential added value of double reading. This resulted 
in the detection of one additional liver cyst in a woman 
with PCOS, which was classified as a minor IF (Fig.  2). 
Based on this finding we concluded that single reading 
was sufficient.

Incidental findings based on small FOV versus full FOV
In a smaller subgroup, we analyzed all CCTs with an IF in 
Erasmus MC (n = 78) in a smaller FOV (Fig. 2). In 60/78 
(76.9%) women with one or more IF(s) in the full FOV, 
the IF was still visible in the small FOV, although some 
were only partially depicted (Table  3); 39/61 (63.9%) of 
the moderate/major IFs in the full FOV were still visible 

in the small FOV. In the full FOV 46/78 (59.0%), women 
required follow-up and in 7/46 (15.2%) women clinically 
relevant finding were detected. In the small FOV 30/78 
(38.5%) women required follow-up and in 6/30 (20.0%) 
clinically relevant findings were detected. Looking at the 
total number of IFs, 7/101 (6.9%) IFs were clinically rel-
evant in the full FOV and 6/72 (8.3%) were clinically rele-
vant in the small FOV. The clinically relevant finding that 
would be missed in the small FOV was a 7-mm lung nod-
ule. For the follow-up of this nodule, multiple CT scans 
and a PET CT scan were performed and it was classified 
as an infectious nodule as it decreased in size by the use 
of antibiotics. Based on the differences in numbers of IFs 
in the different FOVs (Fig. 2), we decided to present the 
IFs in the results that were only visible in the small FOV 
for both centers.

Discussion
CCT is an established tool for the evaluation of CVD, 
which may also depict incidental cardiac and extracar-
diac findings. The aim of this cross-sectional study was to 
identify the spectrum and the prevalence of IFs on CCT. 
The overall prevalence of IFs on CCT in the total popula-
tion was 19.8%, 11.1% were considered moderate/major 
IFs, and 9.9% required follow-up.

Interpretation of main findings
Results from previous studies report a wide range in 
prevalence of IFs, depending on the patient population 

Table 3  Comparison of incidental findings on full field of view 
(FOV) versus small FOV

The 78 CCTs of women with a detected incidental finding (IF) on full field of view 
(FOV) in the Erasmus Medical Center (EMC) were analyzed again in the small 
FOV (180 mm) reconstruction. Values are observed data in numbers (%)
a Follow-up required = the number of women for whom follow-up of the 
incidental finding was required
b Clinically relevant findings = incidental findings which required further 
treatment

*Percentage of number IFs in small FOV compared to full FOV

**Percentage of follow-up required

Full FOV-EMC (n = 78) Small 
FOV-EMC 
(n = 78)

Women with IFs 78 (100.0) 60 (76.9)

Women with 1 IF 57 (73.1) 49 (62.8)

Women with 2 or more IFs 21 (26.9) 11 (14.1)

Number of IFs 101 (100.0) 72 (71.3*)

Minor IFs 40 (39.6) 33 (82.5*)

Moderate IFs 61 (60.4) 39 (63.91)

Major IFs – –

Follow-up requireda 46 (59.0) 30 (38.5)

Clinically relevant Findingsb 7 (15.2**) 6 (20.0**)
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and type of medical imaging. A systematic review 
reported a median extracardiac IF occurrence on CCT 
of 45% (range 7–100%) [19]. The most common IFs were 
lung nodules or masses, lung parenchymal changes, lym-
phadenopathy, emphysema and liver nodules or cysts. 
Our population is not completely comparable to the 
studies in the systematic review, with a lower prevalence 
but a comparable nature of IFs. We included a selected 
subgroup of women with reproductive disorders and the 
number of IFs may be different in other subgroups, for 
example in women with a history of gestational diabetes.

Most important are the IFs that require further inves-
tigations and medical intervention. In our study, follow-
up was required in 9.9% of all women, and 32.1% of the 
locally performed follow-up yielded a clinically relevant 
finding. In the systematic review of Kay et  al. (2019), 
they found a median prevalence of only potentially clini-
cally significant extracardiac IFs of 17% (range 1–67%) 
[19]. Although most IFs are benign, their discovery often 
causes a cascade of testing that is costly and exposes 
patients to additional and potentially unnecessary radia-
tion. This may cause morbidity from adverse effects of 
the tests or treatments. However, for the 9 women in our 
study it was valuable that the study CCTA reveal their 
clinically relevant finding. Interestingly, depending on 
the pretest probability of the disease, IFs could be found 
more frequently than the diagnostic entities for which 
an imaging technique is primarily targeted [20]. In our 
study, in which CCTs were performed to evaluate the 
presence of relevant CAD in women with selected repro-
ductive disorders, the prevalence was only 3.1–6.7%. This 
is a considerably lower prevalence than the above men-
tioned 9.9% of women that required follow-up.

A factor influencing the prevalence of IFs on CT is the 
FOV reconstruction. In the case of CCT imaging, coro-
nary assessment is most often performed in a small FOV. 
A full FOV can be used for evaluation of non-cardiac 
structures but can also cause an increased prevalence of 
IFs. This has initiated a debate as to whether the imag-
ing FOV should be deliberately restricted to avoid detec-
tion of non-cardiac abnormalities [14]. We investigated 
the impact of these different FOVs and found a higher 
prevalence of IFs in the full FOV (50.2%) compared to the 
small FOV (35.8%). Furthermore, with the full FOV 46/78 
(59.0%) women required additional appointments or 
diagnostics for follow-up of their IF, and in the small FOV 
only 30/78 (38.5%) women would be referred for further 
follow-up. In terms of relevant findings, one infectious 
lung nodule was detected with the full FOV, which would 
have been missed in the small FOV. To summarize, our 
findings indicate that the benefits of using a full FOV 
do not outweigh the patient burden caused by the extra 
follow-up. 

Among radiologists, there is an ongoing debate about 
reporting minor IFs that have no clinical consequence. 
Usually there are local agreements between clinicians 
and radiologists whether a radiologist reports all find-
ings, and the clinician must interpret the importance, or 
whether the radiologist shares responsibility for inter-
preting the finding’s importance and only reports IFs that 
have clinical consequence [21]. Reporting only poten-
tially clinically relevant IFs could reduce anxiety and 
extra costs for downstream diagnostic testing.

Methodological considerations
This is the first study that provides insight into the preva-
lence and nature of IFs in women with PCOS, POI or a 
history of PE. An important strength of this study is the 
size and characteristics of the population. We provided 
an overview of the required follow-up and discussed 
some important considerations about the technical exe-
cution of the CCT, such as FOV and double reading.

A limitation of this study was the difference in local 
protocols between the two centers, leading to differences 
in single and double reading and in FOV reconstruction. 
Both may cause different detection rates of IFs. However, 
we demonstrated that the impact of double reading was 
very low. It also gave us the opportunity to assess the 
impact of using different FOVs. A smaller FOV leads to 
a lower prevalence of IFs and thus required less follow-
up, while only one clinically relevant finding would be 
missed.

There was an uneven distribution of women with 
PCOS, POI or a history of PE between the two centers. 
However, the purpose of the study was not to compare 
the groups, as we have no reason to assume that detect-
ing IFs in either group is more likely. Comparing our total 
group with healthy women with the same age may give a 
better overview of the difference in IFs between women 
with or without these reproductive disorders. To the best 
of our knowledge, a comparable control group was not 
available in the literature.

Not all follow-up information was available due to 
different follow-up pathways. However, with the avail-
able information we can conclude that detecting mod-
erate/major IFs has a considerable consequence in most 
participants.

Conclusion
The rapid acceptance of CT screening for cardiovas-
cular disease increases the risk of detecting incidental 
findings. It is important to take the harm and benefits 
into account and counsel participants adequate about 
CCTA. On one hand, it can reveal clinically relevant 
findings, and on the other hand, it can cause anxi-
ety and may generate extra costs for patients. This 
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cross-sectional study shows that the prevalence of one 
or more IFs in middle-aged women with a reproduc-
tive disorder (PCOS, POI or a history of PE) is between 
15 and 32%. Detected IFs required follow-up in 48/486 
(9.9%) women, leading to 9/486 (1.9%) clinically rel-
evant findings. A small FOV centered around the heart 
resulted in a lower prevalence of IFs and required less 
follow-up, while only one clinically relevant finding 
would have been missed.

Abbreviations
BMI: Body mass index; CAC​: Coronary artery calcium; CAD: Coronary artery 
disease; CCT​: Coronary computed tomography; CCTA​: Contrast-enhanced 
computed tomography angiography; CREw-IMAGO: Cardiovascular Risk 
Profile-Imaging and Gender-Specific Disorders; CVD: Cardiovascular diseases; 
FOV: Field of view; HDP: Hypertensive pregnancy disorders; HRT: Hormone 
replacement therapy; IF: Incidental finding; MRI: Magnetic resonance imaging; 
PCOS: Polycystic ovary syndrome; PE: Preeclampsia; PET: Positron emission 
tomography; POI: Premature ovarian insufficiency.

Acknowledgements
The authors would like to acknowledge the following: all participants in the 
study and the researchers who were involved during the CREw-IMAGO study 
and in the CREw consortium.

Author contributions
JSEL, RPJB and BKV designed the study. RPJB and BKV assessed the CCTs and 
reported the IFs during the CREw-IMAGO study. DG performed the double 
reading and MB analyzed the IFs in the second reconstruction, from full FOV 
to small FOV, in Erasmus MC. CZ and KH collected all reported IFs from patient 
records, performed the descriptive analysis and drafted the manuscript. All 
authors were involved in interpreting the data, providing input to the manu‑
script and approved the final manuscript. All authors read and approved the 
final manuscript.

Funding
The CREw-IMAGO study is funded by the Dutch Heart Foundation (Grant 
2013T083). The Dutch Heart Foundation had no role in the collection, analysis, 
and interpretation of data, nor in the decision to submit the article for 
publication.

Availability of data and materials
The data underlying this article will be shared on reasonable request to the 
corresponding author.

Declarations

Ethic approval and consent to participate
This study was approved by the Medical Research Ethics Committee (METC 
number 15-508) and all participants provided written informed consent.

Consent for publication
Written informed consent was obtained from all participants in the study.

Competing interests
JSEL reports grants and personal fees from Ferring, Titus Healthcare, Ansh Labs 
and grants from Roche, outside the submitted work. The other authors declare 
that they have no competing interests.

Author details
1 Division of Reproductive Endocrinology and Infertility, Department of Obstet‑
rics and Gynaecology, Erasmus University Medical Center, Dr. Molewater‑
plein 40, 3015 GD Rotterdam, The Netherlands. 2 Department of Radiology, 
University Medical Center Utrecht, University of Utrecht, Heidelberglaan 100, 
3584 CX Utrecht, The Netherlands. 3 Department of Obstetrics and Gynae‑
cology, Erasmus University Medical Center, Dr. Molewaterplein 40, 3015 

GD Rotterdam, the Netherlands. 4 Department of Reproductive Medicine 
and Gynaecology, Department of Obstetrics and Gynaecology, University 
Medical Center Utrecht, University of Utrecht, Heidelberglaan 100, 3584 
CX Utrecht, The Netherlands. 5 Department of Cardiology, Erasmus University 
Medical Center, Dr. Molewaterplein 40, 3015 GD Rotterdam, the Netherlands. 
6 Department of Radiology and Nuclear Medicine, Erasmus University Medical 
Center, Dr. Molewaterplein 40, 3015 GD Rotterdam, the Netherlands. 

Received: 20 January 2022   Accepted: 17 May 2022

References
	1.	 Atsma F, Bartelink ML, Grobbee DE, van der Schouw YT (2006) Postmeno‑

pausal status and early menopause as independent risk factors for cardio‑
vascular disease: a meta-analysis. Menopause 13:265–279

	2.	 Bellamy L, Casas JP, Hingorani AD, Williams DJ (2007) Pre-eclampsia and 
risk of cardiovascular disease and cancer in later life: systematic review and 
meta-analysis. BMJ 335:974

	3.	 de Groot PC, Dekkers OM, Romijn JA, Dieben SW, Helmerhorst FM (2011) 
PCOS, coronary heart disease, stroke and the influence of obesity: a system‑
atic review and meta-analysis. Hum Reprod Update 17:495–500

	4.	 McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ (2008) Car‑
diovascular sequelae of preeclampsia/eclampsia: a systematic review and 
meta-analyses. Am Heart J 156:918–930

	5.	 Pinola P, Puukka K, Piltonen TT et al (2017) Normo- and hyperandrogenic 
women with polycystic ovary syndrome exhibit an adverse metabolic 
profile through life. Fertil Steril 107:788–795

	6.	 Schmidt J, Landin-Wilhelmsen K, Brannstrom M, Dahlgren E (2011) Cardio‑
vascular disease and risk factors in PCOS women of postmenopausal age: a 
21-year controlled follow-up study. J Clin Endocrinol Metab 96:3794–3803

	7.	 Daan NM, Muka T, Koster MP et al (2016) Cardiovascular risk in women with 
premature ovarian insufficiency compared to premenopausal women at 
middle age. J Clin Endocrinol Metab 101:3306–3315

	8.	 Zoet GA, Benschop L, Boersma E et al (2018) Prevalence of subclinical 
coronary artery disease assessed by coronary computed tomography 
angiography in 45- to 55-year-old women with a history of preeclampsia. 
Circulation 137:877–879

	9.	 Waheed N, Elias-Smale S, Malas W et al (2020) Sex differences in non-
obstructive coronary artery disease. Cardiovasc Res 116:829–840

	10.	 Wolf SM, Lawrenz FP, Nelson CA et al (2008) Managing incidental findings in 
human subjects research: analysis and recommendations. J Law Med Ethics 
36:219–248

	11.	 Illes J, Kirschen MP, Edwards E et al (2006) Ethics. Incidental findings in brain 
imaging research. Science 311:783–784

	12.	 Network TRCoRRatSI (2011) Management of incidental findings detected 
during research imaging

	13.	 Budoff MJ, Gopal A (2007) Incidental findings on cardiac computed tomog‑
raphy. Should we look? J Cardiovasc Comput Tomogr 1:97–105

	14.	 Machaalany J, Yam Y, Ruddy TD et al (2009) Potential clinical and economic 
consequences of noncardiac incidental findings on cardiac computed 
tomography. J Am Coll Cardiol 54:1533–1541

	15.	 Zoet GA, Meun C, Benschop L et al (2017) Cardiovascular RiskprofilE - IMag‑
ing and gender-specific disOrders (CREw-IMAGO): rationale and design of a 
multicenter cohort study. BMC Womens Health 17:60

	16.	 Revised 2003 consensus on diagnostic criteria and long-term health risks 
related to polycystic ovary syndrome (PCOS): Rotterdam, ESHRE ASRM-
Sponsored PCOS consensus workshop group (2004)

	17.	 Prematuur ovarieel falen, diagnostiek en behandeling. https://​www.​nvog.​
nl/​kwali​teits​docum​enten/​richt​lijnen/​attac​hment/​prema​tuur-​ovari​eel-​falen-​
diagn​ostiek-​en-​behan​deling-​1-0-​13-​09-​2001/. Accessed November 4, 2021

	18.	 Brown MA, Magee LA, Kenny LC et al (2018) The hypertensive disorders of 
pregnancy: ISSHP classification, diagnosis & management recommenda‑
tions for international practice. Pregnancy Hypertens 13:291–310

	19.	 Kay FU, Canan A, Abbara S (2019) Common incidental findings on cardiac 
CT: a systematic review. Curr Cardiovasc Imaging Rep. https://​doi.​org/​10.​
1007/​s12410-​019-​9494-4

	20.	 Bhambhvani P (2016) The good, bad, and ugly of incidental findings on 
cardiovascular-computed tomography. J Nucl Cardiol 23:1275–1279

https://www.nvog.nl/kwaliteitsdocumenten/richtlijnen/attachment/prematuur-ovarieel-falen-diagnostiek-en-behandeling-1-0-13-09-2001/
https://www.nvog.nl/kwaliteitsdocumenten/richtlijnen/attachment/prematuur-ovarieel-falen-diagnostiek-en-behandeling-1-0-13-09-2001/
https://www.nvog.nl/kwaliteitsdocumenten/richtlijnen/attachment/prematuur-ovarieel-falen-diagnostiek-en-behandeling-1-0-13-09-2001/
https://doi.org/10.1007/s12410-019-9494-4
https://doi.org/10.1007/s12410-019-9494-4


Page 10 of 10van der Ham et al. Insights into Imaging           (2022) 13:96 

	21.	 Pandharipande PV, Herts BR, Gore RM et al (2016) Rethinking normal: ben‑
efits and risks of not reporting harmless incidental findings. J Am Coll Radiol 
13:764–767

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Incidental findings on coronary computed tomography in women with selected reproductive disorders
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Key points
	Introduction
	Materials and methods
	Study design and study setting
	Study participants
	Coronary CT imaging
	Incidental findings
	Statistical analysis

	Results
	Prevalence and nature of incidental findings
	Women with PCOS
	Women with POI
	Women with a history of PE

	Sensitivity analysis
	Incidental findings based on double versus single reading
	Incidental findings based on small FOV versus full FOV


	Discussion
	Interpretation of main findings
	Methodological considerations

	Conclusion
	Acknowledgements
	References


