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ABSTRACT 

Background: Acrania-anencephaly sequence is a lethal condition with a high detection 

rate in experienced hands after 10 weeks of gestation. However, earlier in gestation 

many cases remain undetected. The description of different phenotypic appearances has 

been described and might help to increase detection rate in less experienced hands and 

also earlier in gestation.  

Objectives: To assess interobserver reliability in classifying cases of acrania-

anencephaly sequence during first trimester in six different subtypes according to their 

sonographic appearances. 

Methods: This is a retrospective descriptive cohort-study at three centers for fetal 

imaging. Each case was classified according to its phenotypical appearance by two 

independent operators in “bilobular”, “cystic”, “elongated”, “irregular”, “fore-

shortened” or “overhanging”. Frequencies of each type are described, and inter-operator 

agreement was assessed with intraclass correlation coefficient. 

Results: From the 88 included cases, the frequencies of the different subtypes classified 

as “overhanging”, “elongated”, “bilobular”, “cystic”, “fore-shortened” and “irregular” 

were 31%, 25%, 19%, 11%, 8% and 6%, respectively. The interoperator reliability was 

good, with intraclass correlation coefficient of 0.903 (95% CI 0.853–0.937, p<0.001). 

Conclusion: Using different subtypes may improve the detection of acrania-

anencephaly sequence. An accurate early diagnosis could lead to timely, less traumatic 

and safer management of affected pregnancies. 
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INTRODUCTION  

 

Anencephaly is a lethal condition that affects 1 to 5 in 10,000 births and belongs to the 

group of neural tube defects (NTD).1,2 The name is a Greek word that means “absence 

of brain”. This abnormality is thought to be the result of an incomplete cranial 

neurulation process between 17 and 28 days post fertilization, where the cranial part of 

the neural tube fails to close.1 The final manifestation is the absence of the cranial vault 

(acrania), with consequent exposure of the fetal brain to the amniotic fluid 

(exencephaly). Intra-amniotic exposure of the cerebral-neural tissue consequently leads 

to an irreversible, destructive process, which finally converts the exencephaly defect to 

anencephaly.1,3-6 Acrania-anencephaly sequence is associated with other structural 

anomalies in 12-25% and genetic abnormalities can be detected in 1-5%.7,8 

According to the Practice Guideline issued by the International Society for Ultrasound 

in Obstetrics and Gynecology (ISUOG) “Performance of first-trimester fetal ultrasound 

scan” in 2013, skull bone mineralization should be demonstrated ideally in axial and 

coronal views from 11 weeks of gestation.9 In addition, any bone defects including 

distortion and disruption need to be excluded.9 There must be a clear separation of two 

symmetric hemispheres, presenting with a thin brain mantle mainly anteriorly and the 

large lateral ventricles, which are filled with the choroid plexuses. Acrania-anencephaly 
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sequence can be visualized by trained sonographers during first trimester scan by using 

a systematic screening approach.9-13 Implementing additionally transvaginal access, 

detection rates of major abnormalities, especially at very early gestational ages, can be 

improved.11,14 About 60% of major abnormalities in high-risk patients can be visualized 

in experienced hands by following a targeted systematic screening protocol, and 

detection rate of acrania-anencephaly sequence has been reported as high as 100% at 

11-14 weeks of gestation in some studies.10,12,13,15,16 However, many cases of acrania-

anencephaly sequence are not recognized before 11 weeks and, for this reason, 

characterizing the different appearances of anencephaly on early imaging remains 

important to allow for differential diagnosis with other skull and brain abnormalities. 

Recently, different phenotypic appearances of this major cerebral anomaly have been 

described using different 2D and 3D ultrasound techniques during first trimester scan.11 

The purpose of this study is to assess the interobserver reliability in classifying cases of 

acrania-anencephaly sequence during first trimester in different subtypes according to 

their sonographic appearances, as well as the proportion of cases in each category.  
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METHODS 

 

Study design and population  

This is a retrospective cohort study. Cases of acrania-anencephaly sequence were 

obtained from the ultrasound database at three centers for fetal diagnostic imaging: 

Monash Ultrasound for Women and Monash Women’s, Monash Health, Clayton, 

Victoria, Australia as well as FETALMED, Santiago, Chile, which are all dedicated 

tertiary obstetric and gynecological ultrasound practices and centers for fetal diagnosis. 

We searched the ultrasound database for all cases with a diagnosis of acrania-

anencephaly sequence between February 2010 and February 2019 who had ultrasound 

examinations between 10 and 14 weeks of gestation. Gestational age was established 

according to the first day of the last menstrual period and confirmed by measurement of 

crown-rump length (CRL) in the first trimester.  

Ultrasound examinations were performed using Voluson E10 and Voluson E8 (General 

Electric Healthcare Ultrasound, Zipf, Austria) machines, equipped with real-time high 

frequency 4–8.5 MHz transabdominal/transvaginal 2D and 3D/4D volumetric probes 

(RIC 5–9W and RAB 4–8L), as well as Philips HDI 5000. All cases with sufficient 

quality of stored images were included. 

The study was approved by the Human Research Ethics Committee at Monash Health, 

Australia (RES-19-0000513L – 54018). All patients provided informed consent to use 

the data. 
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Procedures and measurements 

Up to five ultrasound images - mid-sagittal views with appropriate magnification and 

additional coronal views if available - showing the acrania-anencephaly sequence of 

each case have been selected, extracted and stored in separated folders by one operator 

(D.W.); Cases without an accurate mid-sagittal view with appropriate magnification, 

where the full presentation and shape of the acrania was not visible, were excluded. All 

ultrasound images were obtained by specialists in Fetal Medicine. Two investigators, a 

specialist in Maternal-Fetal medicine (D.W.) and a fifth year resident in obstetrics and 

gynecology (M.R.) with limited first trimester ultrasound experience independently 

labelled all cases according to the six different subtypes of the appearance in the 

ultrasound examination: “Mickey-Mouse” bi-lobular brain, cystic, elongated, irregular, 

fore-shortened and overhanging head morphology (Figure 1). Both investigators were 

trained by the co-author who previously reported on the sonographic classification 

(S.M.).11  

Cases that were labelled differently between the two investigators, were discussed and a 

third reviewer (D.R.), a specialist in Maternal-Fetal Medicine has resolved 

disagreements if consensus could not be achieved.  

 

Statistical analysis 

The number of cases classified under each subtype of acrania-anencephaly sequence are 

presented as absolute numbers and proportions of the total. The interobserver agreement 

in classifying cases within one of the six subgroups was assessed by calculation of the 
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intraclass correlation coefficient (ICC). Statistical analysis was performed in SPSS 

version 25.0 (IBM Corp., Armonk, NY, USA). 

 

  

This article is protected by copyright. All rights reserved.



RESULTS 

 

Between February 2010 and February 2019, 88 cases with a diagnosis of acrania-

anencephaly sequence were included in the analysis, 52 (59.1%) cases at Monash 

Ultrasound for Women, 23 (26.1%) cases at Monash Women’s, Monash Health and 13 

(14.8%) cases from FETALMED, Santiago, Chile. Another ten cases were excluded as 

the stored images did not show the full size and shape of the cerebral anomaly with an 

appropriate magnification.  

Transvaginal ultrasound was carried out in the majority (84/88 = 95.5%) of the cases 

after the abdominal approach. Median gestational age at diagnosis was 12+3 weeks 

(range 10+3 to 14+0 weeks). Of the 88 cases, 11 (12.5%) occurred in twin pregnancies; 

in ten of these 11 cases, only one fetus was affected with from acrania-anencephaly 

sequence, and in one monochorionic monoamniotic twin pregnancy both fetuses were 

affected. The quality of the ultrasound images was subjectively graded as good in 52 

cases (59%) and moderate in 36 cases (41%).  

Interobserver agreement was good with an intraclass correlation coefficient of 0.903 

(95% CI 0.853–0.937, p<0.001). In 11/88 (12.5%) cases, Investigators 1 and 2 assigned 

different categories. After jointly re-evaluating these cases, in only two cases no 

agreement between the two investigators could be reached, leading to classification by 

the third investigator. The final classification with percentages of each category is 

presented in Figure 2. The most common subtype was “overhanging” (31%) followed 

by “elongated” (25%). 
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DISCUSSION  

 

Main findings 

This study showed the feasibility of a classification for the acrania-anencephaly 

sequence by using six different subtypes according to their different appearances in the 

ultrasound examination during the first trimester. The “overhanging” subtype was the 

most common with 31%, whereas “irregular” was only found in 6% of all cases. 

Interobserver variability was good, with an initial independent agreement in 87.5% of 

the cases. 

 

Previous literature 

Different presentations of acrania-anencephaly sequence during ultrasound examination 

have been described in the literature.11,16,17 In 1988, Goldstein et al. described different 

types of acrania in form of solid or mixed solid and cystic aspects during scans of this 

lethal condition in the second and third trimesters.17 

Recently, different subtypes presenting during the first trimester have been 

demonstrated in a pictorial essay.11 These different appearances could partly be 

explained by gestational age at diagnosis: the final picture of this lethal condition is a 

process of three stages which develops from firstly “cerebral dysraphia” between 23-25 

days of the embryonic period through the second phase “exposure of exencephaly” with 

appropriately differentiated brain structures and finally into complete degeneration and 

replacement of the neural tissue.1-5,14 The final stage is the result of traumatic injury and 
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progressive degeneration of the cerebral mass, which is unprotected and exposed to 

amniotic fluid.1-4,14 The uncovered brain in amniotic fluid environment will be finally 

replaced by fibrovascular tissue with scattered islands of neural elements.7 In addition, 

exophytic large and hyperechogenic masses described as the “elongated” subtype in our 

study could correspond to angiomatous stroma also known under the name “area 

cerebrovasculosa”.17,18 Rupture and bleeding of vessels in this angiomatous stroma may 

lead to a transformation of the solid mass into a cystic appearance.  

The cystic subtype could also be the result of a vascular event with bilateral occlusions 

of the large arteries supplying the brain. Cystic lesions are seen as the endpoint of 

ischemic insults.19 Vascular occlusions, when appearing later in gestation, can transform 

a normally developed brain into hydranencephaly,20 but if this vascular event happens 

early in gestation the absent blood supply might lead to an acute form of fetal stroke 

with massive ischemic necrosis followed by a complete cystic degeneration of the brain 

tissue above the closed vessels including the destruction of the skull. As a consequence 

of this hypothesis - contrary to the other subtypes of acrania - the cystic subtype might 

not be the result of failed closure of the neural tube, being instead the result of an early 

significant vascular event.  

Different processes of degeneration and replacement could be responsible for the 

different looking subtypes of this lethal abnormality, suggesting that other 

pathophysiologic theories could be behind these different appearances. Recently, 

another subtype of the acrania-anencephaly sequence was recognized probably 
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representing an early segmental rupture of the amnion, with subsequent entrapment of 

the developing fetal skull.21 

  

 

Strengths and limitations  

This study includes a large number of cases of acrania-anencephaly sequence detected 

at 10-14 weeks, which represents an uncommon abnormality. All ultrasound 

examinations were performed by experienced specialists in fetal medicine. This study 

gives a clear picture of six different possible presentations of this rare and lethal 

anomaly. 

Nonetheless, our study has limitations: first, it has a retrospective design, some images 

showed poor quality and needed to be excluded from the analyses (n=10). Second, we 

only used still images for classification, which is inferior to performing real-time 

ultrasound or assessing video clips that provides a better evaluation of the fetal 

abnormality. Third, due to the straightforward diagnosis and genetic counselling, the 

high rate of terminations did not allow for follow-up information on the natural history 

of the different types of acrania. It could be therefore possible that with advancing 

gestation, some of these types could change and overlap over time. 

 

Clinical Implications 

Given the lethality of acrania-anencephaly sequence, an accurate and early diagnosis is 

important. Detection rate of acrania-anencephaly sequence after 11 weeks is very high, 
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but mainly in experienced and well-trained hands.2,15 However, some cases especially 

early in gestation remain undetected and differential diagnosis between acrania and 

encephalocele in early pregnancy can be difficult.14,16 Special training and the use of a 

standardized anatomical protocol can significantly improve the detection of congenital 

abnormalities even in early pregnancy.2,12,16 Having the knowledge of these different 

appearances of acrania in mind, we believe that the detection of such condition might 

improve also early in gestation. This might become even more important, as the demand 

for cell-free fetal DNA testing has increased over time and is already available as 

primary screening tool for trisomy 21 at 10 weeks, often preceded by a pre-test 

ultrasound. Interobserver agreement in our analysis was good, considering that the 

second operator had limited experience in ultrasound. In addition, we assume that 

knowledge of the different appearances of the fetal abnormality would lead to an 

improvement in detection, even if scanned by less experienced colleagues. Given the 

poor prognosis, most parents will opt for a termination of pregnancy, which is safer and 

less traumatic if performed earlier in gestation.22  

Even in case of a miscarriage, an accurate diagnosis is important for different reasons: 

first, parents usually ask for an explanation of an unsuccessful pregnancy; second, 

counselling about genetic association, recurrence risk and the preconception need for 

high dose folic acid is essential.1,23  

 

Further research 
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Cell-free DNA (cfDNA) testing can be used as a primary screening for chromosomal 

abnormalities from 10 weeks of gestation.24 We recently reported on the detection of 

major fetal abnormalities before 11 weeks of gestational age.25 As a consequence, 

feasibility of this acrania-anencephaly sequence classification should be further tested at 

this early stage of pregnancy. It would be useful to know if the appearance varies with 

gestational age, as the time of exposure to amniotic fluid is shorter and brain destruction 

could be less pronounced at earlier stages. The classification may also reduce the 

number of missed diagnosis before 11 weeks. Moreover, testing of the additional use of 

3D ultrasound by transvaginal high-resolution imaging in suspected cases would be 

reasonable as it might also increase the accuracy of early diagnosis. 

 

Summary 

Using different subtypes to describe more precisely the appearances of acrania-

anencephaly sequence may improve the detection of this condition. An accurate early 

diagnosis could lead to timely, less traumatic and safer management of affected 

pregnancies. 

 

Data Statement 

The data that support the findings of this study are available from the corresponding 

author upon reasonable request. 
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FIGURE LEGENDS 

 

Figure 1a-f: Different subtypes of Acrania-exencephaly-anencephaly at 11-14 weeks of 

gestational age: schematic drawing with a corresponding ultrasound image. A = Cystic; 

b = Irregular; c = Fore shortened; d = Mickey-Mouse, Bi-lobular; e = Elongated; f = 

Overhanging 

 

Figure 2: Final classification with percentages for each category. 
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