Name of Journal: World Journal of Clinical Cases
Manuscript NO: 59955
Manuscript Type: ORIGINAL ARTICLE

Observational Study
Usefulness of prenatal magnetic resonance imaging in differential diagnosis of fetal congenital cystic adenomatoid malformation and bronchopulmonary sequestration

Li Z et al. MRI for CCAM and BPS

Zhi Li, Yi-Dan Lv, Rong Fang, Xu Li, Zhi-Qin Luo, Ling-Hong Xie, Ling Zhu

Zhi Li, Zhi-Qin Luo, Department of Radiology, Huzhou Maternity & Child Health Care Hospital, Huzhou 313000, Zhejiang Province, China

Yi-Dan Lv, Department of Endocrinology, Huzhou Central Hospital, Affiliated Central Hospital of Huzhou University, Huzhou 313000, Zhejiang Province, China

Rong Fang, Ling-Hong Xie, Prenatal Diagnosis Center, Huzhou Maternity & Child Health Care Hospital, Huzhou 313000, Zhejiang Province, China

Xu Li, Center of Imaging Diagnosis, Anhui Provincial Children’s Hospital, Hefei 230000, Anhui Province, China

Ling Zhu, Department of Ultrasound, Huzhou Maternity & Child Health Care Hospital, Huzhou 313000, Zhejiang Province, China

Author contributions: Li Z, Lv YD, Fang R, and Li X prepared the manuscript; Luo ZQ, Xie LH, and Zhu L critically revised the intellectual content and gave final approval of the manuscript. 

Supported by Huzhou Science and Technology Plan of Zhejiang Province, No. 2018GYB75.

Corresponding author: Yi-Dan Lv, BSc, Associate Chief Nurse, Department of Endocrinology, Huzhou Central Hospital, Affiliated Central Hospital of Huzhou University, No. 198 Hongqi Road, Huzhou 313000, Zhejiang Province, China. doctorhu163@163.com

Received: October 9, 2020
Revised: December 4, 2020
Accepted: December 11, 2020
Published online: 

 20 / 20

Abstract
BACKGROUND
Congenital cystic adenomatoid malformation (CCAM) and bronchopulmonary sequestration (BPS) are the most common lung diseases in fetuses. There are differences in the prognosis and treatment of CCAM and BPS, and the clinical diagnosis and treatment plan is usually prepared prior to birth. Therefore, it is quite necessary to make a clear diagnosis before delivery. CCAM and BPS have similar imaging features, and the differentiation mainly relies on the difference in supply vessels. However, it is hard to distinguish them due to invisible supplying vessels on some images.

AIM
To explore the application value of magnetic resonance imaging (MRI) in the differential diagnosis of fetal CCAM and BPS.

METHODS
Data analysis for 32 fetuses with CCAM and 14 with BPS diagnosed by prenatal MRI at Huzhou Maternal and Child Health Care Hospital and Anhui Provincial Children’s Hospital from January 2017 to January 2020 was performed to observe the source blood vessels of lesions and their direction. Pathological confirmation was completed through CT examination and/or operations after birth. 

RESULTS
After birth, 31 cases after birth were confirmed to be CCAM, and 15 were confirmed to be BPS. The CCAM group consisted of 21 macrocystic cases and 10 microcystic cases. In 18 cases, blood vessels were visible in lesions. Blood supply of the pulmonary artery could be traced in eight cases, and in 10 cases, only vessels running from the midline to the lateral down direction were observed. No lesions were found in four macrocystic cases and one microcystic case with CCAM through CT after birth; two were misdiagnosed by MRI, and three were misdiagnosed by prenatal ultrasonography. The BPS group consisted of 12 intralobar cases and three extralobar cases. Blood vessels were visible in lesions of nine cases, in four of which, the systemic circulation blood supply could be traced, and in five of which, only vessels running from the midline to the lateral up direction were observed. Three were misdiagnosed by MRI, and four were misdiagnosed by prenatal ultrasonography. 

CONCLUSION
CCAM and BPS can be clearly diagnosed based on the origin of blood vessels, and correct diagnosis can be made according to the difference in the direction of the blood vessels, but it is hard distinguish microcystic CCAM and BPS without supplying vessels. In some CCAM cases, mainly the macrocystic ones, the lesions may disappear after birth.
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Core Tip: Congenital cystic adenomatoid malformation (CCAM) and bronchopulmonary sequestration (BPS) can be clearly diagnosed based on the origin of blood vessels, and correct diagnosis can be made according to the difference in the direction of the blood vessels, but it is hard to distinguish microcystic CCAM and BPS without supplying vessels. In some CCAM cases, mainly the macrocystic ones, the lesions may disappear after birth.


INTRODUCTION
Congenital cystic adenomatoid malformation (CCAM) and bronchopulmonary sequestration (BPS), especially CCAM[1], are the most common lung diseases in fetuses[2]. There are differences in the prognosis and treatment of CCAM and BPS, and the clinical diagnosis and treatment plan is usually prepared prior to birth[3]. Therefore, it is quite necessary to make a clear diagnosis before delivery. CCAM and BPS have similar imaging features, and the differentiation mainly relies on the difference in supply vessels[4]. However, it is hard to distinguish them due to invisible supplying vessels on some images[5,6], especially microcystic CCAM and BPS[7]. At present, prenatal ultrasonography is widely used for screening[8,9], but it may lead to missed diagnosis or misdiagnosis due to fetal position and ribs. Magnetic resonance imaging (MRI) belongs to a nonradioactive examination with the advantages of large scanning field, satisfactory soft tissue contrast, and high tissue resolution. It is not affected by mother’s body size and amniotic fluid volume, as well as fetal position and fetal bones. Therefore, MRI can better display the details of normal anatomy and abnormal pathological structure of fetuses, which means that it has advantages over ultrasonography, and can provide additional information[10]. In this study, a retrospective study was performed to analyze CCAM and BPS cases diagnosed by prenatal MRI, and explore the application value of prenatal MRI in the differential diagnosis of fetal CCAM and BPS.

MATERIALS AND METHODS
General materials
The follow-up data of 32 singleton fetuses with CCAM and 14 with BPS diagnosed by prenatal MRI at Huzhou Maternity & Child Health Care Hospital and Anhui Provincial Children’s Hospital from January 2017 to January 2020 were collected. All fetuses were born smoothly and accepted prenatal MRI examination within 24-48 h after prenatal ultrasonography. This study was approved by the Ethics Committee of Huzhou Maternity & Child Health Care Hospital and Anhui Provincial Children’s Hospital, and all pregnant women voluntarily signed an informed consent form prior to examination.

MRI examination
MRI examination was carried out using a 1.5-T Avanto superconducting imaging system (Siemens, Munich, Germany). This system has a gradient field strength of 45 mT∙m-1∙s-1, a 32-channel phased array heart coil, and 1-2 excitations. We employed three MRI sequences: (1) True fast imaging with steady-state precession (True FISP) sequence with a minimum repeat time (TR) of 3.6-4.2 ms, echo time (TE) of 1.0-2.0 ms, reversal angle of 90°, matrix of 256 × 192, and scan time of 0.5-2.0 s per layer (total, 10.0-20.0 s); (2) half-Fourier acquisition single-shot turbo spin-echo (HASTE) sequence with TR of 1150-1500 ms, TE of 42-145 ms, reversal angle of 160°, and matrix of 256 × 198; and (3) two-dimensional turbo FLASH T1WI (TFL) sequence with TR of 1680-2000 ms, TE of 2.9-4.5 ms, inversion angle of 15°, and matrix of 256 × 154. Another MRI examination was performed using a 1.5 T MRI scanner (Philips Medical Systems, Netherlands) with a 4-channel abdominal surface coil and 1-2 excitations, and single-shot fast spin-echo (SSFSE) sequence and balanced fast field echo (B-FFE) sequence were performed using the following parameters: (1) SSFSE sequence: TR of 12000.0 ms, TE of 120.0 ms, thickness of 5.0-7.0 mm, reversal angle of 80°, and matrix of 216 × 218; and (2) B-FFE sequence: TR and TE of minimum values set by the system, thickness of 5.0-7.0 mm, reversal angle of 90°, and matrix 216 × 218.
Each pregnant woman was introduced in the device with feet first, and examined in supine position or left lateral position with quiet respiration. Localization scan of the lower abdomen in the coronal plane was first carried out, followed by routine brain, chest, and abdomen scanning in the cross-sectional, sagittal, and coronal planes. Finally, the chest and abdomen scans were performed.

Prenatal ultrasonography
Ultrasonography was completed with Voluson experd730 (GE) and × 300 Color Doppler Ultrasound Diagnostic System (Siemens), with a convex array probe and frequency of 4.0-8.0 MHz.

CCAM classification
CCAM cases were classified as macrocystic and microcystic ones based on the size of cyst. Macrocystic CCAM refers to the disease with a cyst diameter ≥ 5 mm, and microcystic CCAM refers to the disease with a cyst diameter < 5 mm[11,12].

BPS classification
BPS cases were classified as extralobar and intralobar ones[13,14]. Extralobar BPS was wrapped by separate visceral pleura and separated from normal lung tissues. The lesion tissues of intralobar BPS were located in normal lung tissues, and wrapped by visceral pleura with normal lung tissues.

Image analysis
MRI images were analyzed by two experienced associate chief radiologists based on the double-blind method, involving lesion signal, location, blood supply vessels, vessel direction, and heart position. In case of disagreement, they should determine through mutual consultation.

Follow-up after birth
Postnatal CT examination and/or pathological confirmation were completed.

RESULTS
Postnatal CT examination and/or surgical pathological results
Thirty-one cases were confirmed to be CCAM, including five cases with lesions disappearing after CT review. Fifteen cases were confirmed to be BPS, including 12 intralobar and three extralobar cases.

General information of cases in both groups
In the CCAM group, pregnant women were aged 20-37 years, with an average age of 27.5 ± 3.8 years. At the time of MRI examination, their gestational age was 20-37 wk, with an average of 29.2 ± 4.6 wk. There were 17 male infants and 14 female infants, including 23 of term labor and eight of premature labor; the earliest was born at 35+1 wk. In the BPS group, pregnant women were aged 20-28 years, with an average age of 28.1 ± 4.3 years. At the time of MRI examination, their gestational age was 21-31 wk, with an average of 28.5 ± 4.6 wk. There were nine male infants and six female infants, including 11 of term labor and four of premature labor; the earliest was born at 35+4 wk.

Comparison of prenatal MRI and follow-up results of CCAM and BPS
There were 21 macrocystic and 10 microcystic CCAM cases, 20 of which had lesions in the left lung, and 11 had the lesions in the right lung. Two cases had hearts shifting left and four had hearts shifting right. In eight of the 18 cases with visible blood vessels, pulmonary artery supply could be traced in eight cases, and vessels running from the midline to the lateral down direction were only observed in ten (Figure 1). Postnatal CT examination showed that no lesions were found in five infants, and prenatal MRI showed that four were macrocystic and one was microcystic; pulmonary artery supply could be traced in two cases, and visible blood vessels in lesions running from the midline to the lateral down direction were observed in three. Two cases were misdiagnosed by prenatal MRI as microcystic CCAM (without blood vessels in the lesion), with a misdiagnosis rate of 6.5%; three cases were misdiagnosed by prenatal ultrasonography as microcystic CCAM, with a misdiagnosis rate of 9.7%. In the BPS group, 12 cases had lesions in the left lung and three had lesions in the right lung; two cases had hearts shifting right; and in four of the nine cases with visible blood vessels in lesions, systemic circulation supply could be traced, and vessels running from the midline to the lateral up direction were only observed in five cases (Figure 2). Three cases were misdiagnosed as intralobar BPS by prenatal MRI, with a misdiagnosis rate of 20.0%; four cases were misdiagnosed as intralobar BPS by ultrasonography, with a misdiagnosis rate of 26.7%.

DISCUSSION
Embryology and etiology of CCAM and BPS
The etiology of CCAM is still unclear, and it is believed to be abnormal proliferative hamartoma differing from tissue origin of the lung[1]. CCAM, accompanied by abnormal development of local lung tissue, is associated with substantial dysplasia of bronchial atresia[15,16]. Moerman et al[17] described the autopsy results of four cases with CCAM, each of which had segmental bronchial absence or atresia, and the results can provide further evidence for the hypothesis of primary defect due to CCAM. In addition, they also proposed that primary defect was bronchial atresia due to limited stop or defect in the process of bronchopulmonary germination and branching. The complete atresia would result in bronchial absence.
The etiology of BPS is still unknown. Pryce et al[18] proposed a theory of traction, which has become a relatively recognized theory. In the theory, it is described that blood capillaries are connected with the dorsal aorta when lung bud tissues are not separated from archenteron at the early stage of embryonic development; with the development of embryo, when lung bud tissues are separated from archenteron, the blood capillaries connected with dorsal aorta that should have been degraded and absorbed would be partially retained due to unsafe degradation for some reasons. In the future, embryonic lung tissues with blood supplied by arterial branches will be formed with the development of lung buds, and finally form an isolated lung without communication with the normal bronchus after birth.

Advantages of prenatal MRI examination
Compared with ultrasonography, MRI has the advantages of large field of view, multi-parameter, high soft tissue resolution, no limitation of fetal position and maternal size, and clearer display of anatomical structure of the fetus and placenta than ultrasonography, all of which have made it an important supplement to obstetric ultrasonography[19]. True FISP/B-FFE and HASTE/SSFSE sequences are commonly used in fetal MRI examinations, and they are fast in scanning speed, which can shorten the imaging time and greatly reduce artifacts of the fetus and pregnant women; in addition, the images of fetal organs with high resolution can be obtained, pregnant women do not need to take sedatives, and high-quality images can be obtained by scanning after holding breath. True FISP/B-FFE and HASTE/SSFSE can show high-uniformity signals of fetal lungs. True FISP/B-FFE can make fetal heart and large blood vessels show high signals, which can clearly indicate the structure of the four cardiac chambers and large blood vessels, as well as oppressive changes made by lesions on heart and large vessels. HASTE/SSFSE can show “black-blood” signal of the heart, which can display the location and size of fetal heart, but not internal structure. However, due to the bright “water” effect, it can display the morphology, boundary, and internal structure of fetal lung more clearly, thus better distinguishing fetal lung diseases from surrounding normal lung tissues. In HASTE/SSFSE sequence, CCAM and BPS can show high signals, and blood supply vessels show low signals. Therefore, this sequence can be used to better discover the source blood vessels of lesions. In this study, in the 31 CCAM cases, 18 had visible blood vessels, and as for eight of which, pulmonary artery supply can be traced. In 14 BPS cases, nine had visible blood vessels, and as for four of which, systemic circulation supply can be traced.

Prenatal MRI of CCAM and BPS
CCAM can take place at any part of the two lungs, and different types may indicate different prenatal MRI presentations. Prenatal MRI of macrocystic CCAM may show blocks with T2WI signal higher than the signal of normal lung tissues; the lesions can be clearly distinguished from surrounding normal lung tissues, with an irregular morphology and different size in cysts, and the larger vesica would make MRI lesion area show higher signals[10]. Macrocystic signal can be close to amniotic fluid signal, and the cyst wall and its spacing with low T2WI signal are partially visible. The volume of the affected lung or lobe may increase, and the heart and large blood vessels may be changed under stress. Microcystic prenatal MRI may show high T2WI signal, but lower than the amniotic fluid signal, indicating substantial lesions. Larger CCAM may oppress large blood vessels and the heart, accompanied by poor reflux of blood and changes in pleural effusion. In some cases, CCAM lesions gradually became smaller or even disappeared at the later stage of pregnancy[20]. More than 15% of CCAM lesions can disappear after birth[21]. In this study, postnatal CT found no lesions in five cases, macrocystic CCAM was confirmed in four cases, and microcystic CCAM was confirmed in one case, with a lesion disappearance rate of 16.1% (5/31). BPS usually took place at the lower lobe of the left lung, and prenatal MRI showed that the lung lobe with lesions would enlarge. The lesions showed uniform high signal on T2WI, with clear boundaries, and the signal was between the amniotic fluid and normal lung tissue. In the case of a large lesion, the heart would shift to the normal side under stress to varying degrees, which can result in fetal edema and lung dysplasia[22]. Some extralobar BPS lesions may take place in the lower diaphragmatic region of the upper abdomen, showing cystic signals.

Key points of prenatal MRI of CCAM and BPS
CCAM blood supply vessels mainly originate from the pulmonary artery[23,24], and BPS blood supply vessels mainly originate from the aorta[25]. Based on different origins of blood vessels, CCAM and BPS can be distinguished. Empty blood vessels may be found in some prenatal MRI examinations, but the sourcing blood vessels cannot be traced, which would make it hard to distinguish microcystic CCAM and BPS. In this study, it was found that due to the higher position of the pulmonary artery as compared with the aorta, the pulmonary artery supplying blood for CCAM ran from the midline to the lateral down direction, and the aorta supplying blood for BPS ran from the midline to the lateral up direction. The difference in running direction of supplying vessels can indicate the types of lesions. In this study, only empty blood vessels were observed by prenatal MRI in 15 cases, but no origin of blood vessel was traced. In ten cases, blood vessels in the lesion ran from the midline to the lateral down direction, which were diagnosed as CCAM. The postnatal CT showed that the lesions disappeared in three cases, and CCAM was confirmed in seven cases through CT and/or surgical pathology. In five cases, blood vessels in the lesion ran from the midline to the lateral up direction, which were diagnosed as BPS and further confirmed through postnatal CT and/or surgical pathology. It was not hard to distinguish macrocystic CCAM and BPS, but hard to distinguish microcystic CCAM and BPS without visible supplying vessels. In this study, three cases of BPS were misdiagnosed as microcystic CCAM, and two cases of microcystic CCAM were misdiagnosed as BPS.

CONCLUSION
[bookmark: OLE_LINK25][bookmark: OLE_LINK28]In conclusion, CCAM is the most common fetal lung malformation, with an incidence higher than that of BPS. It can be clearly diagnosed according to the origin of blood vessels, and correctly diagnosed according to the direction of the blood vessels, but it would be hard to distinguish microcystic CCAM and BPS without visible supplying vessels. In some CCAM cases, mainly the macrocystic ones, the lesions may disappear after birth.

ARTICLE HIGHLIGHTS
Research background
Congenital cystic adenomatoid malformation (CCAM) and bronchopulmonary sequestration (BPS) have similar imaging features, and the differentiation mainly relies on the difference in supply vessels.

Research motivation
To make a better diagnosis and differential diagnosis of CCAM and BPS through prenatal magnetic resonance imaging (MRI).

Research objectives
To improve the accuracy of prenatal MRI in CCAM and BPS.

Research methods
The MRI images of CCAM and BPS were retrospectively analyzed to find the blood supply vessels and the direction of travel.

Research results
In this study, it was found that due to the higher position of the pulmonary artery as compared with the aorta, the pulmonary artery supplying blood for CCAM ran from the midline to the lateral down direction, and the aorta supplying blood for BPS ran from the midline to the lateral up direction. 

Research conclusions
CCAM and BPS can be correctly diagnosed according to the direction of the blood vessels.

Research perspectives
More cases are needed to confirm our findings.
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Figure Legends
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Figure 1 At the 25th week of gestation, congenital cystic adenomatoid malformation was diagnosed by prenatal magnetic resonance imaging and postnatal surgical pathology. A: The lesion was located in the left lung, with a visible empty vessel running from the midline to the lateral down direction; B: The large blood vessel shifted to the right, and heart to the right.
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[bookmark: _GoBack]Figure 2 At the 27th week, bronchopulmonary sequestration was diagnosed by prenatal magnetic resonance imaging and postnatal surgical pathology. A: The lesion was located in the lower left lung, with a visible empty vessel running from the midline to the lateral up direction; B: There were clear boundaries between the lesions and normal lung tissues.
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