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Objective: To assess fetal liver volume (FLV) by magnetic resonance imaging (MRI) in cytomegalovirus (CMV)-infected fetuses compared to a group of healthy fetuses.

Method: Most infected cases were diagnosed by the evidence of ultrasound abnormalities during routine scans and in some after maternal CMV screening. CMV-infected fetuses were considered severely or mildly affected according to prenatal brain lesions identified by ultrasound (US)/MRI. We assessed FLV, the FLV to abdominal circumference (AC) ratio (FLV/AC-ratio), and the FLV to fetal body volume (FBV) ratio (FLV/FBV-ratio). As controls, we included 33 healthy fetuses. Hepatomegaly was evaluated post-mortem in 11 cases of congenital CMV infection. Parametric trend and intraclass correlation analyses were performed.

Results: There were no significant differences in FLV between infected (n = 32) and healthy fetuses. On correcting the FLV for AC and FBV, we observed a significantly higher FLV in CMV-infected fetuses. There were no significant differences in the FLV, or the FLV/AC or FLV/FBV-ratios according to the severity of brain abnormalities. There was excellent concordance between the fetal liver weight estimated by MRI and liver weight obtained post-mortem. Hepatomegaly was not detected in any CMV-infected fetus.

Conclusion: In CMV-infected fetuses, FLV corrected for AC and FBV was higher compared to healthy controls, indicating relative hepatomegaly. These parameters could potentially be used as surrogate markers of liver enlargement.
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INTRODUCTION

Cytomegalovirus (CMV) is the most common congenital infection and is a major cause of sensorineural hearing loss and neurodevelopmental abnormalities worldwide (1). As maternal screening of infection is not recommended, its detection during pregnancy is usually achieved when sonographic signs suggestive of infection are found during routine scans (2). After confirmation of fetal infection, the combination of serial targeted ultrasound (US) examinations and magnetic resonance imaging (MRI) as a complementary tool for brain assessment have shown good diagnostic performance for determining symptomatic status at birth (3–7). In infants with symptomatic disease, the manifestations can range from unspecific-mild to multi-systemic involvement, with a particular predilection toward the reticuloendothelial system, especially the liver (8, 9). Although the brain is a major target of congenital CMV-infection (10), there is a lack of information on hepatic involvement in these fetuses. Traditionally, estimation of fetal liver size has been based on liver length measurement performed by US (11–13), however, there is no standardized imaging methodology for the assessment of hepatomegaly.

The aim of this study was to compare fetal liver volume (FLV) in CMV-infected with that of healthy fetuses. In addition, we compared FLV according to the severity of fetal brain abnormalities in infected fetuses and correlated the liver weight estimated by MRI with that found in cases with termination of pregnancy (TOP).



MATERIALS AND METHODS

This was a retrospective case-control study including consecutive pregnancies with a CMV-infected fetus in which prenatal MRI was performed for prognostic assessment over a 13-year period (July 2006-December 2019) in BCNatal (Hospital Clínic and Hospital Sant Joan de Déu, Barcelona, Spain) and during a 4-year period (January 2015-September 2019) in Hôpital Louis-Mourier, Paris, France. The study was approved by the Institutional Review Board of the Hospital Clinic (HCB/2017/0564) and Hôpital Louis-Mourier (CEERB-Paris Nord/2020-012).

Cytomegalovirus-infected fetuses were considered severely or mildly affected according to prenatal brain US/MRI findings observed in US/MRI, as described previously (14, 15) (Supplementary Table 1). Most cases were diagnosed with the presence of US abnormalities found during routine second or third trimester scans. The remaining cases were diagnosed after maternal CMV screening by patients’ physicians. Fetal CMV infection was confirmed with extraction of CMV DNA from amniotic fluid samples using the QIAsymphony system (Qiagen, Hilden, Germany). Chromosomal abnormalities and toxoplasmosis infection were ruled out at the time of the amniotic fluid study. The estimated fetal weight (EFW) at the time of the MRI was defined as that obtained by US no more than 2 weeks before or after the MRI. Small for gestational age (SGA) was defined as EFW by US below the 10th percentile. After fetal US/MRI, women were counseled about the prognosis of the newborn. TOP was discussed according to Spanish/French laws. In these case of TOP, routine post-mortem examination (macroscopic and microscopic) of the fetus and the placenta was performed after obtaining informed consent from the parents. The maceration status of the fetus was established using the Langley criteria (16). Organs, including the liver, were weighed on an electronic scale as part of the standard autopsy procedure. The time from delivery to autopsy was also recorded. In cases with a live newborn, congenital CMV was confirmed by a positive polymerase chain reaction (PCR) of a urine or saliva sample taken within the first 48 h of birth. The control group was made up of low-risk singleton pregnancies with fetuses of normal growth without structural abnormalities attended at BCNatal resulting in healthy newborns that were also a control group in a previous prospective cohort study on prenatal MRI (17, 18). All the pregnant women included agreed to participate and provided signed informed consent. Controls did not undergo any additional genetic or infection testing apart from routine blood exams during pregnancy.


Magnetic Resonance Imaging Acquisition

Magnetic resonance imaging was performed in a clinical MRI system (1.5T Magnetom Aera syngo MR D13; Siemens, Erlangen, Germany in Hospital Clinic and 1.5T GE SIGNA Artist, Echo speed, LX MRI scanner, Milwaukee, WI, United States, in Hôpital Louis-Mourier) with a 5-channel cardiac coil in both centers. No maternal or fetal sedation was used. T2-weighted images were obtained using half Fourier single-shot turbo spin-echo (HASTE) sequences (Hospital Clinic: time of repetition [RT] = 1000 ms, echo time [ET] = 137 ms, slice thickness = 3.5 mm, gap = 3.5 mm, voxel size = 0.5859375 mm × 0.5859375 mm × 3.5 mm, field of view [FOV] = 225 mm × 300 mm, matrix = 256 mm × 192 mm, flip angle = 135°, acquisition time = 165 s. Hôpital Louis-Mourier: RT = 1120 ms, ET = 92 ms, slice thickness = 3.5 mm, gap = 4.0 mm, voxel size = 0.5469 mm × 0.5469 mm × 3.5 mm, FOV = 225 × 300, matrix = 256 mm × 320 mm, flip angle = 90°, acquisition time = 93 s) in axial, coronal, and sagittal planes according to fetal orientation. The total fetal body and liver area of the fetuses was assessed by manually tracing the region of interest on each image slice with tissue present using Fiji Image-J2 software. Figures 1A,B. Volumes were calculated using the sequence that allowed complete visualization of the fetus and the fetal liver without motion-induced artifacts. For the estimation of liver volume, the main portal vein, and gallbladder were excluded. The abdominal circumference (AC) was measured in the MRI using the same landmarks used for US measurement (19, 20). FLV was calculated in cubic centimeters (cm3) as follows: [(total liver area × pixel spacing2) × (slice thickness + GAP)]/1000. The total fetal body volume (FBV) in cubic centimeters (cm3) was calculated as: [(total body area × pixel spacing2) × (slice thickness + GAP)]/1000. We corrected the FLV for AC and for FBV (adapted from previously published methodology) (21, 22). To obtain the fetal liver weight estimated by MRI we used a literature-derived density of 1.05 g/cm3 from pediatric standards (23). We considered the GAP as a part of the formula to calculate the liver volume because this methodology was standard prior to 2020. The intensity of the liver signal in MRI analysis was not evaluated. MRI measurements were performed only at one center (BCNatal). Two of the physicians in charge of the MRI measurements were blinded to the diagnosis of fetal CMV-infection (KC, and LT) and the third knew the fetal CMV status (AH-V). The FLV was not assessed by US.
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FIGURE 1. (A) Manual tracing of the total fetal body obtained from a T2-weighted imaging sequence in sagittal view. (B) Manual tracing image of the fetal liver volume obtained from a T2-weighted imaging sequence in coronal view.




Statistical Analysis

We compared the FLV, the FLV/FBV-ratio and the FLV/AC-ratio between CMV-infected and healthy fetuses and according to the severity of CMV infection. The variables were analyzed according to the severity of brain abnormalities in US/MRI imaging. Quantitative variables were assessed using the Shapiro–Wilk test for normality, and normally distributed variables were compared using the t-test and expressed as mean and standard deviation (SD). Non-normally distributed quantitative variables were compared using the Mann-Whitney U-test and expressed as median and interquartile range (IQR: p25–75). Qualitative variables were compared using the Chi squared (X2) and Fisher exact tests. A sub-analysis of variance and covariance (one-way ANOVA with Bonferroni post-hoc test) of the FLV, FLV/FBV-ratio and FLV/AC-ratio was performed according to a possible biological trend (healthy vs. mild vs. severe CMV-infected fetuses). Interobserver reliability analysis of FLV was performed comparing the measurements of AH-V and LT by a two-way random effect model to assess the intraclass correlation coefficient (ICC) estimates and their 95% confident intervals (95% CI) in 16 randomly chosen healthy fetuses. Concordance analysis between the fetal liver weight estimated by MRI and liver weight obtained post-mortem was made by a two-way random effect model to assess the ICC estimates and their 95% confidence intervals (CI) in those fetuses with anatomopathological examination.

Power estimation for an alpha error of 0.05 was performed using the two-sample means Satterthwaite’s t-test. A robust bias-corrected estimation was used to calculate the 95%CI and p-values. A p-value < 0.05 was considered significant. Data were analyzed using STATA, v.15.0 (College Station, TX, United States).




RESULTS


Population Characteristics

A total of 31 pregnancies and 32 fetuses with CMV infection were included in the study (one monochorionic diamniotic pregnancy with both fetuses infected; one dichorionic diamniotic pregnancy with one fetus infected). The control group consisted of 33 singleton pregnancies. Twenty-two CMV-infected pregnancies were followed in the Fetal Infection Unit at the Hospital Clinic of Barcelona and 9 were followed in the Maternal-Fetal Medicine Unit at the Hôpital Louis-Mourier, Paris. Infection was confirmed by a positive PCR in amniotic fluid in 27 fetuses. Five patients at Hôpital Louis-Mourier declined amniocentesis, and infection was confirmed in urine of the newborns at birth. In 11 pregnancies fetal infection was suspected after maternal CMV screening in the first or second trimester. In 20 pregnancies, infection was suspected in the presence of fetal US anomalies: 13 during routine scans in the second trimester and 7 during the third trimester. Eighteen patients (58%) had a confirmed first trimester primary CMV infection, one had a second-trimester seroconversion, and in 12 (39%) the type of maternal infection was unknown. The mean gestational age (GA) at diagnosis was 26.4 (4.5) weeks. Of the total sample of CMV-infected fetuses, one showed no abnormal US/MRI findings, 16 fetuses had non-severe features of infection, and 15 had severe brain abnormalities. The most frequent US/MRI findings were periventricular hyperechogenicity (“halo sign”), ventriculomegaly, abnormal gyration and white matter hyperintensity in 71, 29, 43, and 67% of the fetuses, respectively. The most frequent extra-CNS findings were SGA and hyperechogenic bowel in 70 and 35% of the cases. The prenatal US/MRI findings are shown in Supplementary Table 3.

Among the severely affected pregnancies, 13 women opted for TOP and post-mortem study was accepted by 11 (Figure 2: Flowchart). The median time from delivery to anatomopathological examination was 48 h. The median (IQR) of GA post-mortem was 30.3 (28.0–34.5) weeks. The median time (IQR) from MRI to post-mortem examination in cases with TOP was 1.0 (0.81–1.4) weeks. Eighty-two percent of the TOP-fetuses had none to mild maceration status. The median (IQR) of liver weight at post-mortem was 88.6 g (59.8–139).
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FIGURE 2. Flowchart: Follow-up of pregnancies with confirmed fetal CMV infection. Description of outcomes according to the severity of infection, anatomopathological examination performed and liver weight at necropsy‡. DC, dichorionic; MC, monochorionic; AF, amniotic fluid; US, ultrasound; MRI, magnetic resonance imaging; TOP, termination of pregnancy; NB, newborn.


The median GA (IQR) at MRI in the study population was 31.6 (28.6–33.4) weeks. The characteristics of pregnancies with and without CMV infection and according to the severity of brain abnormalities are summarized in Tables 1, 2. We observed a significantly higher proportion of pregnant women with a child less than 3 years old of age, SGA at US and at birth among CMV-infected fetuses Table 1. We also found a tendency to low educational level among mothers with pregnancies involving severe CMV-infected fetuses, p = 0.05, Table 2.


TABLE 1. Baseline characteristics in pregnancies with and without congenital CMV infection.
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TABLE 2. Baseline characteristics of pregnancies with congenital CMV infection according to the severity of brain abnormalities.
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Results of Magnetic Resonance Imaging Analysis:

We found no significant differences in FLV between CMV-infected fetuses and healthy-fetuses, (FLV [IQR]: 139.7 [112–161] vs. 126.4 [98–151], p = 0.22), Figure 3A. When the FLV was corrected for AC and FBV we observed significantly higher liver volumes in CMV-infected fetuses compared to the healthy controls [FLV/AC-ratio (SEM): 5.18 (0.14) vs. 4.41 (0.14), p = < 0.001; FLV/FBV-ratio (SEM): 6.11 (0.26) vs. 4.81 (0.13), p = < 0.001], Figure 3B1,B2.
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FIGURE 3. (A) Fetal liver volume (FLV) between study groups, data presented as median (IQR: interquartile range: p25–p75). [*p-value as determined with the Wilcoxon rank-sum test (Mann-Whitney U); p = 0.22]. (B1) FLV/AC-ratio (cm3/cm), and (B2) FLV/FBV-ratio between the study groups. Data presented as mean (SD). *p-value as determined with the t-test; p < 0.001 in both. cCMV: congenital cytomegalovirus fetuses (n = 32). Controls: (n = 33). AC, abdominal circumference; FBV, fetal body volume.


When the three study groups were compared, we also observed significantly higher ratios in the mild and in the severely infected cases compared to the healthy controls, Figure 4A. The FLV/AC-ratio and FLV/FBV-ratio remained higher when assuming a biological trend adjusted for GA at MRI, (p = < 0.001) (parametric trend analysis), Figure 4B. However, we did not observe significant differences in the median liver volume or in the FLV/AC and FLV/FBV ratios according to the severity of CMV fetal brain abnormalities, Supplementary Figures 1A,B1,B2. The US/MRI findings, FLV, FLV/AC-ratio, FLV/FBV-ratio and liver weight at necropsy in severely affected fetuses with TOP and post-mortem examination are summarized in Supplementary Table 2. FLV showed a good correlation with the AC, GA at MRI, and FBV (r = 0.86, 0.82, 0.80, respectively; p = < 0.001). There was excellent agreement between examiners [ICC = 0.96 (95% CI: 0.90–0.98); p = 0.01; n = 16]. We also observed excellent concordance between fetal liver weight estimated by MRI and that obtained at anatomopathological examination [ICC = 0.95 (95% CI: 0.75–0.98): p = < 0.001]. There was no case of hepatomegaly in the post-mortem examination.
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FIGURE 4. Comparison between the study sub-groups. Fetal liver volume (FLV) ratios. (A1) FLV/AC-ratio, (A2) FLV/FBV-ratio. Data presented as mean (SD). *p-value as determined with analysis of variance and covariance (one-way ANOVA); p < 0.001. (B) Linear trend analysis: FLV/FBV-ratio (A), FLV/AC-ratio (B). Data presented as mean (SD). *p-value as determined with parametric linear regression tendency test; p < 0.001. Control, healthy fetuses; M-cCMV, mild congenital cytomegalovirus fetuses; S-cCMV, severe congenital cytomegalovirus fetuses; ns, not statistically significant.





DISCUSSION

Our results show that hepatomegaly assessed by MRI is probably an uncommon finding in congenital CMV. Although there were no significant differences in FLV, when adjusted for fetal size (i.e., AC or FV-B) the FLV was increased in CMV-infected fetuses compared to healthy controls. We could hypothesize that this is due to liver enlargement in relation to body composition.

Although adjustment for AC and FBV is not a standard procedure and the diagnostic accuracy is not established, other authors have used ratios to better understand the pathophysiology of different fetal conditions. Cannie et al. demonstrated that the observed/expected fetal lung volume based on FBV could predict fetuses at high risk of pulmonary hypoplasia (21, 22). It can be argued that using the head circumference or cephalic diameter might have been a better normalization method in our study; however, microcephaly, a common feature of severe CMV infection, makes it less ideal.

As expected, one-third of the CMV-infected fetuses were SGA at the time of MRI and at birth (24, 25). The liver volume of these fetuses at MRI was similar to that of the control group. In this regard, Duncan et al. found that 63% of fetuses with an individualized birthweight <10th centile had a normal liver volume estimated by MRI (26). Interestingly, despite the larger hepatic ratios and greater number of SGA fetuses in the CMV-infected group in our sample, there were no statistically significant differences regarding AC measured at MRI. Despite the liver sizes, a lower AC would have been expected. There is controversy regarding the AC and liver size in intrauterine growth restriction (IUGR) fetuses. In this regard, Roberts et al. enrolled 98 fetuses with an AC below the 10th centile and found a liver length within normal limits in 82% (27). This may be because the measurement of AC may reflect not only liver size but also that of other intra-abdominal organs and the amount of fetal subcutaneous fat (28). Another possible explanation for the lack of significant differences in the AC is that compensatory arterial mechanisms may protect the liver from a reduction in blood flow in IUGR fetuses and thereby preserve the liver size in relation to the body composition (29, 30). In CMV infection the physiopathology of growth restriction and liver size could be related to mechanisms different from those in restricted fetuses due to placental dysfunction that could explain the finding of a relative liver enlargement in our cases.

Although we found a significantly higher FLV/AC-ratio and FLV/FBV-ratio in CMV cases compared to heathy controls, there were no significant differences in these ratios between mild and severely affected CMV-infected fetuses. We can speculate that perhaps mildly infected fetuses may already have hepatic involvement. Furthermore, hepatic involvement is not exclusively associated with severe fetal infection (31). Hepatic tropism and organ dysfunction in symptomatic CMV-infected newborns (9) is common. However, liver dysfunction as an isolated feature could be related to an acute phase of the infection in the second or third trimester and may not necessarily be related to adverse outcomes.

The mean liver weight in CMV-infected fetuses undergoing TOP at 30 weeks of gestation was 91.6 g. This was similar to the liver weights (53.4 to 98 g) of non-infected fetuses described by Maroun et al. at the same gestational age (32). This emphasizes our finding of no difference in the FLV estimated by MRI between CMV-infected and non-infected fetuses. As part of the internal validity of this study, we obtained excellent concordance between the FLV/weight estimated by MRI and the liver weight at post-mortem assessment. Liver weight is directly affected by the maceration status of the fetus (32, 33), being more affected in type-III maceration. However, 82% of the TOP-fetuses in our series had type-I maceration. Shelmerdine et al. found an excellent overall correlation between the liver volume estimated by MRI prior to autopsy and liver weight during autopsy (r = 0.98) in 45 fetuses (60% with none to mild maceration) in a mean time of 10 days from delivery to autopsy (34). Other authors have also found an excellent correlation between the volume estimated by fetal MRI and post-mortem in different organs such as the brain (99% for cerebrum, 89% for cerebellum) supporting the reliability of MRI for weight assessment (35).

This study has some strengths and limitations that should be mentioned. One of the main strengths is the comparison of CMV-infected fetuses with healthy-controls, and between infected fetuses according to severity of infection. Moreover, the measurements were manually performed by the same single examiner in both centers, thereby reducing the variability. In addition, this is one of the first studies describing not only liver volume but also comparing the weight of the liver examined post-mortem with the liver weight estimated by MRI in CMV-infected fetuses undergoing TOP, providing information about the reliability of this measurement. Among the limitations, we first acknowledge the retrospective nature of the analysis. Second, the different MRI protocol between centers. Third, the small sample size in the infected group according to the severity of central nervous system abnormalities may preclude the finding of differences between these two groups and the overlapping of the results. Fourth, asymptomatic CMV infection was not discarded among healthy controls: however, this probability is very low since congenital infection occurs in 0.7% of all fetuses/newborns (1). Moreover, in vivo measurement of liver weight was obtained only in pregnancies undergoing TOP in the severely affected CMV group, limiting the interpretation of our results. Nevertheless, we considered these data as part of the internal validity of the study and despite only being available in a small proportion of fetuses, the data demonstrate the excellent correlation between the two measurements. Finally, although assessment of fetal volumes performed in this study provided additional data on the extent of the pathophysiology of congenital CMV-infection, its usefulness in clinical practice could be questioned. Moreover, measurement of FBV by MRI is time consuming (almost twice the time required for determining FLV) (23); nonetheless, as technology improves and semi-automatic delineation of fetal structures advances (36), the time to calculate volumes will likely be reduced.



CONCLUSION

The liver volume obtained by MRI in CMV-infected fetuses was relatively greater than that of healthy-controls after adjustment for AC and FBV. Although increased FLV was not correlated with the severity of infection, these parameters could potentially be used as a surrogate marker of liver enlargement. Further studies are warranted to better understand the prognostic value of these findings.
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Supplementary Figure 1 | Fetal liver volume (FLV) and FLV-ratios according to the severity of brain abnormalities in CMV-infected fetuses (mild: n = 17, severe: n = 15). (A) FLV (cm3), data presented as median (IQR: interquartile range: p25–p75). *p-value determined with the Wilcoxon rank-sum test (Mann-Whitney U); p = 0.68. (B1) FLV/AC-ratio. *p-value as determined with the t-test; p = 0.39. (B2) FLV/FBV-ratio, data presented as mean (SEM, standard error of the mean).
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Characteristic Mild cCMV n = 16 preg/17 fetuses Severe cCMV n = 15 preg/fetuses p* value

Maternal age, years, mean (SD) 32.8 (4.9 32.4 (5.4) 0.83
Ethnicity (Caucasian) (%) 80 81 0.93
Multiparity, (%) 63 73 0.52
Low educational level, (%) 13 47 0.05
Child at nursery (<3 year child), (%) 56 73 0.32
Fetal gender (female), (%) 53 69 0.61
Gestational age at diagnosis in AF, mean (SD) 252 (4.9 27.6 (3.8) 0.18
Gestational age at MRI, mean (SD) 31.9(1.9 30.4 (3.0) 0.138
EFW (g) at the time of MRI, mean (SD) 1758 (694) 1402 (539) 0.10
AC? at the time of MRI (mm), mean (SD) 270 (36.0) 246 (37.1) 0.10
Fetal body volume (cm?), mean (SD) 2482 (900) 2260 (896) 0.50

Data are presented as mean and standard deviation (SD), frequencies or percentage (%).
“p-value as determined with the t-test, Mann-Whitney U, X2 or Fisher’s exact test.

cCMV, congenital cytomegalovirus; Preg, pregnancies; AF, amniotic fluid.

4AC, abdominal circumference.

One MCDA twin pregnancy in mild cases. The bold values indicate significant differences.
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Characteristic cCMV n = 31 preg/32 fetuses Controls** n = 33 preg/fetuses p* value

Maternal age, years, mean (SD) 32.4 (6.1) 32.8 (5.6) 0.86
Ethnicity (Caucasian), (%) 81 73 0.46
Multiparity, (%) 58 42 0.13
Low educational level, (%) 30 27 0.81
Child at nursery (<3 year child), (%) 62 33 0.01*
Fetal gender (female), (%) 62 51 0.37
Gestational age at MRI, mean (SD) 31.2(2.7) 30.7 (3.0) 0.46
EFW (g) at the time of MRI, mean (SD) 1570 (649) 1845 (519) 011
Small for gestational age, (%) 34 5 0.012*
AC at the time of MRI (mm), mean (SD) 259.3 (38.1) 271.1 (42.2) 0.24
Fetal body volume (cm?), mean (SD) 2371.2 (889) 2588.2 (897) 0.34
Gestational age at birth, mean (SD) 37.6 (3.16) 39.3 (1.25) 0.025*
Birthweight (grams)t, mean (SD) 2706 (822) 3326 (369) 0.002*

Data are presented as mean and standard deviation (SD), standard error of the mean (SEM), frequencies or percentage (%).
“p-value as determined with the t-test, Mann-Whitney U, X? or Fisher’s exact test.

cCMV, congenital cytomegalovirus; Preg, pregnancies; MRI, magnetic resonance imaging; EFW, estimated fetal weight.
**Controls: healthy fetuses.

AC, abdominal circumference.

MCDA twin pregnancy in cCMV cases.

T Seventeen cCMV cases with a live newborn included. The bold values indicate significant differences.





