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Abréviations 

TSC : Tératome sacro coccygien  

IRM : Imagerie par résonance magnétique  

SCT: Sacrococcygeal teratoma 

MRI: Magnetic Resonance Imaging 

CPDPN : Centres Pluridisciplinaires de Diagnostic Prénatale 

TVI: Tumour volume index 

ROC: Receiver Operator Characteristic 

AURA : Auvergne - Rhône – Alpes 

TFR: Tumour volume to foetal weight ratio 

STV/HV: Solid tumour volume to head volume ratio 

TV: HV: Tumour volume to head volume ratio 
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Mise en contexte 

Le tératome sacro coccygien (TSC) est une tumeur congénitale issue de la 

multiplication de cellules germinales primordiales (endodermiques, ectodermiques et 

mésodermiques). L’embryogénèse de cette tumeur reste à ce jour discutée (1). Elle 

serait liée à un défaut de migration des cellules endodermiques ou à la persistance 

médiane de cellules de la ligne primordiale.  

Figure A : Mise en place de la ligne médiane 

[Source : https://embryologie.medecine.parisdescartes.fr/Embryologie/Embry/EmbryCours/EmbryCh04/EmbryCh04C10.htm, 

consultée le 29/03/2023] 

Dans tous les cas, le TSC apparait durant les premières semaines de la vie fœtale et 

c’est sa capacité de multiplication cellulaire qui signe le caractère tumoral de cette 

lésion. Elle prend naissance au niveau de la partie caudale de la ligne médiane fœtale. 

Ainsi développée, en dessous de la colonne vertébrale, à côté du coccyx, la masse 

tumorale va s’étendre dans le périnée et le déformer. L’extension peut être extra-

Ligne primordiale 

Endoderme définitif 
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abdominale ou intra-abdominale, voir même intra rachidienne. Peter Altman a décrit 

quatre types de TSC en fonction de leurs localisations (2). 

Figure B : Classification de Altman (3) 

Par ailleurs, le tératome peut être constitué de différents tissus, du fait de son origine 

histologique. Nous pourrons les décrire comme plutôt kystiques, solides ou mixtes, 

comme l’illustrent les travaux de Usui et al. (4)  

Figure C : Les types tumoraux
[Source : Usui N, Kitano Y, Sago H, Kanamori Y, Yoneda A, Nakamura T, et al. Outcomes of prenatally diagnosed 
sacrococcygeal teratomas: The results of a Japanese nationwide survey. J Pediatr Surg. 2012 Mar;47(3):441–7]
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Le tératome sacro coccygien est une pathologie rare, mais reste la tumeur fœtale la 

plus fréquente. L’incidence rapportée est d’1 cas sur 27 000 naissances vivantes (5), 

et des séries récentes rapporte une incidence pouvant aller jusqu’à 1 cas sur 14 000 

naissances (6).Cette pathologie touche préférentiellement les fœtus de sexe féminin, 

avec un ratio de 4 : 1 (7). Depuis la mise en place d’une surveillance échographique 

anténatale et, probablement aussi, aux améliorations technologiques des 

échographes, cette tumeur est diagnostiquée plus fréquemment en anténatal (8). Le 

tératome sacro coccygien est une tumeur bénigne de par sa nature, le plus souvent 

mature  (9), mais il existe cependant un potentiel de transformation maligne. Le 

pronostic est bon si l’enfant bénéficie d’une prise en charge optimale : une exérèse 

chirurgicale complète puis une surveillance prolongée. Dans la littérature, nous 

retrouvons des taux de mortalité variables entre 16% et 27% sans compter les 

interruptions médicales de grossesse (IMG) (4,8). 

 

   

 

Durant la période anténatale, une surveillance régulière est mise en place du fait de 

l’évolution imprédictible. Une échographie obstétricale est réalisée à intervalle régulier 

et rapproché, mais il n’existe pas de recommandation précise. Pour aider à 

caractériser le tératome, une IRM (Imagerie par résonnance magnétique) est réalisée 

vers 30 SA. Le TSC peut se comporter comme un shunt artérioveineux et entrainer 

Figure D : Clichés IRM (collection Dr Jacquier) 
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progressivement une insuffisance cardiaque terminale chez le fœtus. Plusieurs 

caractéristiques tumorales sont connues comme étant des facteurs de mauvais 

pronostic telles que, une tumeur solide, de grande taille, à croissance rapide et hyper 

vascularisée (10). L’enjeux de la surveillance anténatale est d’identifier les signes 

précurseurs d’une mauvaise tolérance fœtale, tels qu’un hydramnios, une 

cardiomégalie, des anomalies dopplers voir un stade pré mortem, l’hydrops fetalis (11). 

L’hydrops fetalis ou anasarque est caractérisé par un œdème fœtal généralisé. 

 

Certaines de ces situations à risque fœtal, peuvent mener à la décision d’une 

naissance prématurée. Le pronostic maternel peut lui aussi être mis en jeu en cas de 

syndrome miroir. Il est défini par l’association d’un anasarque fœto-placentaire à un 

tableau d’œdème maternel généralisé avec hémodilution pouvant se compliquer ou 

aboutir à un tableau de pseudo-toxémie (12). La voie d’accouchement est décidée au 

cas par cas, en fonction de la tolérance fœtale, de l’âge gestationnel, de la taille et de 

la nature tumorale. 

 

 

Figure E : TSC de forme kystique (clichés Dr Jacquier) 
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Figure F : Nouveaux nés à la naissance (clichés Dr Batard et personnels) 

 

À la naissance, le nouveau-né est rapidement pris en charge par l’équipe de 

néonatologie. En fonction de sa tolérance hémodynamique, la chirurgie d’exérèse est 

réalisée en urgence ou est différée après des examens biologiques et imageries 

complémentaires. L’hémorragie intra tumorale est la principale cause de décès 

précoce (13) celle-ci se révèle par une défaillance hémodynamique majeure à la 

naissance.  

 

La qualité de l’exérèse chirurgicale détermine le pronostic oncologique, fonctionnel et 

esthétique (14). 

    

Figure G : Cicatrice post opératoire immédiate (clichés Dr Jacquier et Dr Batard) 
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Résumé de l’article en français 
 

Introduction : Le tératome sacro-coccygien est la tumeur fœtale la plus fréquente. In 

utero, le tératome peut évoluer en shunt artério-veineux et entrainer une insuffisance 

cardiaque sévère chez le fœtus. Une surveillance anténatale très rapprochée est 

nécessaire pour tenter de prédire cette mauvaise évolution. Il a été démontré qu’une 

croissance tumorale rapide était associée à une augmentation de la mortalité fœtale. 

Nous avons choisi d’étudier la vitesse de croissance tumorale sous forme de trois 

différentes mesures : le volume tumoral, le diamètre tumoral et le rapport du volume 

tumoral sur le périmètre crânien fœtal. L’objectif de ce travail était d’étudier 

l’association entre la vitesse de croissance tumorale et la morbi-mortalité périnatale 

étendue. 

 

Méthodes : Cette étude est rétrospective et multicentrique. Vingt-huit fœtus avec un 

diagnostic anténatal de tératome sacro-coccygien, dans la région Auvergne-Rhône-

Alpes, entre janvier 2011 et décembre 2021, ont été inclus. Nous avons calculé la 

vitesse de croissance du volume tumoral, du diamètre tumoral et le rapport du volume 

tumoral sur périmètre crânien (TVI) au cours de la grossesse. Puis, nous avons étudié 

leur association avec un critère composite défini par le décès périnatal étendu ou la 

nécessité d’un support transfusionnel ou aminergique à la naissance.  

 

Résultats : Les fœtus décédés ou ayant eu besoin d’une transfusion ou d’un support 

aminergique à la naissance présentaient une tumeur avec une vitesse de croissance 

plus rapide pour le volume (79,10 cm3/semaine [39,85 ; 104,63] vs 8,34 cm3/semaine 

[0,61 ; 15,68], p < 0,001), le diamètre (0,85 cm/semaine [0,44 ; 1,02] vs 0,30 

cm/semaine [0,05 ; 0,43], p = 0,001) et le TVI (2,69 cm3/cm/semaine [1,03 ; 3,17] vs 
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0,21 cm3/cm/semaine [0,02 ; 0,34], p <0,001). Après ajustement en analyse 

multivariée ; seule la vitesse de croissance du volume tumoral élevée était 

significativement associée à une morbi-mortalité périnatale étendue (p = 0,032). 

 

Conclusions : Nous avons démontré qu’une vitesse de croissance du volume tumoral 

élevée, contrairement à celle du diamètre, était associée à la morbi-mortalité périnatale 

étendue. Le volume, de manière indépendante, semble aussi jouer un rôle important 

dans cette association. Une vitesse de croissance supérieure à 18,01 cm3/semaine et 

un volume supérieur à 245 cm3 sont associés à une mauvaise évolution périnatale. La 

surveillance de la vitesse de croissance du TVI pourrait avoir un intérêt mais 

nécessiterait des investigations complémentaires. 
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Prognostic value of antenatal measurements and tumour 

growth rate of sacrococcygeal teratomas: French regional 

study 

Abstract 

 
Purpose: Sacrococcygeal teratoma is the most common foetal tumour, responsible of 

an arteriovenous shunt with unpredictable growth. It requires close in utero 

surveillance. The objective of this study was to investigate the association between 

tumour growth rate and extended perinatal morbidity and mortality.  

Methods: A retrospective multicentre study was conducted on foetus with antenatal 

diagnostic of sacrococcygeal teratoma between January 2011 and December 2021. 

28 foetuses were included. We calculated the growth rate of the tumour volume, the 

tumour diameter and the ratio of tumour volume to head circumference. We used a 

composite primary outcome defined by extended perinatal mortality or required 

transfusion or vasopressors at birth.  

Results: Foetus who died or required transfusion/vasopressors at birth presented an 

higher growth rate of the tumour volume (79.10 cm3/week [39.85; 104.63] vs 8.34 

cm3/week [0.61; 15.68], p < .001), tumour diameter (0.85 cm/week [0.44; 1.02] vs 0.30 

cm/week [0.05; 0.43], p = 0.001) and TVI (2.69 cm3/cm/week [1.03; 3.17] vs 0.21 

cm3/cm/week [0.02; 0.34], p < .001). After adjusting for identified risk factors, only a 

higher tumour volume growth rate (p = 0.032) was significantly associated with poor 

outcome in multivariate analysis  

Conclusions: The volume growth rate, in contrast to the diameter growth rate, was 

associated with extended perinatal morbidity and mortality. Volume, independently, 
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also seems to play an important role in this association. Growth rates greater than 

18.01 cm3/week and volume greater than 245 cm3 are associated with a higher risk of 

poor foetal outcome. Monitoring of the tumour volume to the foetal head circumference 

ratio may also be of interest but requires further investigation. 

 

Key words: 

Sacrococcygeal teratoma – Ultrasound - Antenatal diagnosis – Prognosis 
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Introduction 

 

Sacrococcygeal teratoma (SCT) is a rare germ cell tumour, but still the most common 

foetal tumour with an incidence of 1 per 27 000 live births (1) to 1 per 14 000 births in 

recent studies (2).  

Since the introduction of universal prenatal ultrasound screening, sacrococcygeal 

teratomas are diagnosed more frequently in the prenatal period (2). Due to the 

unpredictable growth and physiological effect of this tumour, close antenatal follow-up 

is required (3). Teratoma may be responsible of an arteriovenous shunt with a risk of 

high-output cardiac failure, hydrops and polyhydramnios, which can lead to a 

premature birth or death (4). The mainstay of prenatal management is a frequent foetal 

examination with imaging techniques such as ultrasound scan, echocardiography and 

magnetic resonance imaging (MRI) (5). The aim is to monitor foetal well-being, tumour 

growth and cardiac failure signs (6) to identify situations leading to an indication for 

delivery, while limiting induced preterm birth as much as possible (7).    

Some features of the tumour are identified as being associated with an unfavourable 

foetal outcome, such as large tumour volume (8), a solid tumour or tumour with high 

vascularity (9–11). The tumour growth rate appears to be of interest in determining the 

timing of delivery and several studies have shown that rapid SCT growth was a risk 

factor for death or poor outcomes (2,9,10,12). Tumour growth rate could be 

reassessed throughout pregnancy. Other proposed prognostic factors, such as the 

tumour volume to foetal weight ratio (TFR) (13) or the vascularity index described in 

the study of Wohlmuth et al. (14) have been described, however the concept of 

longitudinal follow up at several times points during the pregnancy has been poorly 

discussed. 
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We chose to study tumour growth rate evaluating three different measures: volume, 

diameter and tumour volume to the foetal head circumference ratio. Diameter is easy 

to measure and more reproductible but tumour volume could be more accurate (2). 

Concerning the sacrococcygeal teratoma, the tumour volume linked to a foetal 

parameter seemed to be of interest in recent years (15,16). For example, antenatal 

management of foetus with congenital diaphragmatic hernia requires calculation of the 

lung area to head circumference, indeed this ratio had proven to be of interest to predict 

survival and is used since several years (17–19). 

The aim of our study was to investigate the association between tumour growth rate 

(with three different measures: volume, diameter and tumour volume to the foetal head 

circumference ratio) and extended perinatal morbidity and mortality.  

 

Materials and Methods 

Population  

For this retrospective multicentre study, foetuses with a prenatal diagnosis SCT 

between January 2011 and December 2021 were screened. We collected data from 

medical files submitted to the prenatal diagnostic commission (CPDPN: Centres 

Pluridisciplinaires de Diagnostic Prénatal) in the Auvergne-Rhône-Alpes region 

(university hospitals of Lyon, Clermont-Ferrand, Saint Etienne and Grenoble). Thirty-

seven cases of foetuses suspected of SCT on prenatal ultrasound were identified; all 

were confirmed by postnatal pathological diagnosis. According to the medical research 

rules, all patients were informed about the aim of the study and had the option to refuse 

participation.  
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Outcome 

The primary outcome was a composite outcome and was defined as the extended 

perinatal morbidity and mortality. It comprised: 

- Extended perinatal mortality, which referred to foetuses stillborn after 22 week’s 

gestation and new-borns who died during the neonatal period (first 28 days of 

life) 

- A necessary for blood transfusion at birth. That included all cases that required 

blood transfusion after birth and during surgery. 

- A need for vasopressors. We only considered cases with vasopressors required 

outside of surgery. 

Patients were included in the poor outcome group if they had any of these 3 outcomes. 

All others were included in the good outcome group.  

 

Characteristics of the population 

Descriptive maternal, foetal, tumour and neonatal characteristics data were extracted 

from medical files. Concerning maternal characteristics, age and primipara status were 

collected. Concerning foetus, sex, presence of a complication such as cardiomegaly, 

Doppler anomaly (negative diastolic wave or negative A wave) or polyhydramnios, 

malformations and maturation status under corticosteroid therapy were collected. 

The tumour characteristics extracted were foetal age at diagnosis (in gestational 

weeks), number of ultrasound scans, Altman classification group, tumour type and 

measures. Information about the birth were collected: age in gestational weeks at 

delivery, delivery mode, foetal weight, APGAR score (at five minutes) and arterial pH 

level. Finally, the surgical delay and the urgency of the surgery were assessed. 

Surgery was considered an emergency if performed in the first 24 hours of life.  
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Growth rate 

The dimensions of the tumour were recorded at each ultrasound examination during 

pregnancy. We noted the diameter, the volume and the tumour volume to the foetal 

head circumference ratio (Tumour Volume Index). SCT volume was calculated using 

the ellipsoid formula [(length x width x depth in cm) x 0.52 = volume in cm3] (20). Same 

formula was used for the TVI, but the volume was indexed to the foetal head 

circumference (cm) (8,16).  

The SCT growth rate was considered linear because of the unequal periods between 

ultrasound examinations for each patient. For each parameter, growth rate was 

calculated as the measure difference between a late and an early scan divided by the 

time difference, in weeks, between the two scans [(late volume - early volume) / time 

difference (weeks) = growth rate]. In addition, the relative growth rate was performed 

to obtain a volume growth rate independent of the initial tumour volume. We calculated 

it using the formula [(late volume / early volume) / time difference (weeks) = relative 

growth rate in % / week]. 

 

Statistical analysis  

For qualitative variables the chi-square test was used and for quantitative variables, 

the Student’s t-test or the Mann-Whitney U test were used. After a logarithmic 

transformation of the growth rate, the association between growth rate and extended 

perinatal morbidity – mortality was assessed by multivariate analysis.  Linear 

regression model with adjustment on potential confounding factor such as gestational 

weeks at diagnostic, tumour type, polyhydramnios, cardiomegaly and preterm birth 

was used. These factors are known to be associated with a poor foetal prognosis (2).  
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Growth rates were then analysed using the receiver operator characteristic (ROC) to 

determine a threshold, with optimal sensitivity and specificity above which there was a 

risk of extended perinatal morbidity and mortality.  

Statistical analyses were performed using Jamovi software. A p-value below 0.05 was 

considered statistically significant.  

 

Ethic 

The local committee of the National Data Protection Authority approved this study. The 

processing of the data was in accordance with the MR 004 of the National Committee 

for information and freedom (N° Health Data Hub: F20220919133235).  
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Results  

 

 
Notes: Poor outcomes were extended perinatal death, blood transfusion or vasopressor requirement at birth 

                      Abbreviations: SCT = sacrococcygeal teratoma 

 

Figure 1: Flow chart 

 

We evaluated 28 patients. Nine foetuses were excluded (Figure 1): three dues to 

medical termination of pregnancy, one due to early foetal demise and one refusal to 

participate. Four other files were excluded because we only had access to one 

ultrasound scan in the medical record and the growth rate could not be calculated. 

Twelve patients presented the primary outcome. 

37 SCT cases

- 3 medical terminations of pregnancy
- 1 early foetal demise
- 4 patients with missing data
- 1 refusal of participation

28 patients

16 in good outcome 
group

12 in poor outcome 
group



 29 ANTESACO |      

Table I illustrates the clinical characteristics of the total population and the clinical 

characteristics in the 2 groups of foetuses (poor outcome group vs good outcome 

group). There was no difference in maternal characteristics.  

In our study population, one quarter of the foetus were male. There was more 

cardiomegaly, 41.7% (p = 0.024) and polyhydramnios, 25% (p = 0.01) in the poor 

outcome group. However, no difference was found concerning Doppler abnormalities 

(p = 0.482). Corticosteroid therapy was never prescribed in the good outcome group 

and fully administered for 4 (33.3%) foetuses in the poor outcome group.  

In the poor outcome group, SCT were more often solid than cystic type (p = 0.03). The 

diagnosis was made earlier in the poor outcome group (22 weeks [22; 24] versus 23 

weeks [23; 25], p = 0.038). The earliest diagnosis was made at 12 weeks of gestation 

for SCT with a poor outcome compared to 22 weeks in the good outcome group. 

Overall, the tumour in the poor outcome group was larger (twice the diameter and ten 

times the volume) and had ten times higher TVI than in the good outcome group. 

No difference was found for the Altham’s classification, the number of antenatal 

ultrasound scans and the associated malformations. The malformations noted in the 

study population were single umbilical artery, bilateral renal dilatation with ventricular 

septal defect, bilateral renal duplication, hepatomegaly and isolated ventricular septal 

defect. There was one SCT case in monochorionic bi-amniotic twin pregnancies for 

only one twin. There was also one case of SCT associated with growth retardation. 
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Delivery information are described in table II. The foetuses with poor outcome were 

born earlier than foetuses with good outcome (p < .001) and 10 (83.3%) foetuses were 

preterm. We found a higher rate of emergency surgery in the poor outcome group (90% 

versus 25%, p = 0.001). There was no difference concerning the delivery way, the 
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weight at birth, the Apgar score and the arterial pH. We noted 2 (7%) neonatal deaths 

in the study population. 

 

 

 

 

 

We obtained the growth curve for all three parameters for each patient (Additional 

data). Then, we calculated the mean of the growth rates in the two different groups 

(Figure 2).  
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Tumour growth was higher in the poor outcome group for the 3 technics of measure: 

volume (79.10 cm3/week [39.85; 104.63] versus 8.34 cm3/week [0.61; 15.68], p < 

.001), diameter (0.85 cm/week [0.44; 1.02] versus 0.30 cm/week [0.05; 0.43], p = 

0.001) and TVI growth rate (2.69 cm3/cm/week [1.03; 3.17] versus 0.21 cm3/cm/week 

[0.02; 0.34], p <.001) (Table III - Figure 2). We found no difference in relative volume 

growth rate between the two groups (122% [60; 339] versus 81% [18; 117], p = 0.085). 

 

 

Figure 2: Tumour growth, mean by groups with good or poor outcomes 

 

Concerning the association between tumour growth and poor outcome, using a linear 

regression, a higher tumour growth was associated with the main composite outcome 

for the 3 technics of measure of tumour growth in univariate analysis (additional data). 
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But only the growth rate of the tumour volume was significantly associated with the 

main composite outcome in multivariate analysis (Estimate 1.08 [-2.81; 3.39], 

p=0.031). We adjusted for factors that were statistically different between the 2 groups 

in Table I. Concerning the relative volume growth rate, there was no association with 

extended perinatal morbidity – mortality, p = 0.677 (additional data). ROC analysis 

(additional data) was performed to determine cut-off values for prognostic ability of the 

tumour growth rate. A volume growth rate greater than 18.01 cm3/week had a 

sensitivity of 100% and a specificity of 78.57% with a likelihood ratio of 78.57% in 

predicting poor outcome. A TVI growth rate greater than 0.93 cm3/cm/week had a 

sensitivity of 100 % and a specificity of 83.33% with a likelihood ratio of 81.82 % in 

predicting poor outcome. A cut-off value for the diameter growth was performed, and 

we concluded that a diameter greater than 0.79 cm/week was predicting of poor 

outcome with a sensitivity of 66.67% and a specificity of 93.75%.  

The analysis was also performed to determine a cut-off value for the prognostic ability 

of the maximal tumour volume. A volume > 245 cm3 had a sensitivity of 100% and a 

specificity of 75% with a likelihood ratio of 73.33% in predicting poor outcome. 

 

Discussion 

 

SCTs are congenital tumours with extremely variable growth pattern. We confirmed it 

might be interesting to prospectively monitor tumour growth rate, because it’s 

associated with poor foetal prognostic. In initial analysis, volume, diameter and TVI 

growth rates were significantly faster in the poor outcome group. Volume growth rates 

were 10 times faster in patients with poor outcome than in those with good outcome. 

After adjustment for risk factors, volume growth rate appeared to correlate more 
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strongly with the extended perinatal morbidity and mortality. However, the relative 

growth rate was not associated with a poor outcome. This suggests that initial volume, 

independently, also seems to play an important role in this association. Unfortunately, 

no significant difference was found concerning TVI growth rate, probably because of 

the lake of puissance. 

However, our results on the value of growth rates value differed from those of other 

studies. Coleman et al. (21) found that growth rates higher than 165 cm3/week were 

associated with foetal death and hydrops, and growth rates higher than 61.40 

cm3/week were associated with adverse outcomes such as death, hydrops, high-

output cardiac failure and preterm labour. For Wilson et al. (6), growth rates 

approaching > 150 cm3/week appeared to be a predictor of increased perinatal 

mortality. In our population, volume growth rates were much lower. A growth rate of 

the tumour volume at > 18.01 cm3/week was predictive of adverse outcomes. Primarily, 

we didn’t have the same threshold for sensibility. We chose a sensibility of 100% which 

is the best compromise for specificity. The time between early- and late-gestation 

ultrasound scan was longer in our study. Compared with Coleman et al. (21), our mean 

gestational age at initial evaluation was 23 weeks versus 24.18 weeks and at delivery 

was 36 weeks versus  33.95 weeks. The difference could be explained by a variable 

growth rate during pregnancy and possibly a slowing down of it in the third trimester in 

parallel with foetal growth.   

Monitoring of the tumour volume to the foetal head circumference ratio also appeared 

to be of interest. Various ratios of tumour volume indexed with estimated foetal weight, 

head volume (16), biparietal diameter (8) or abdominal circumference (9) have been 

studied. In most cases, these ratios were evaluated at specific time point in pregnancy 

and we had no evolution of rates. Geeb et al. (13) showed that a tumour volume to 
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foetal weight ratio (TFR) ≥ 0.095 before 24 weeks was predictive of poor foetal 

outcome.  

To our knowledge, TVI growth rates have been poorly studied. Sy et al. (16) proposed 

a cut-off value of 1 for the ratio of solid tumour volume to head volume (STV/HV). They 

showed that patients with a ratio > 1 or a progressive increase to > 1 were associated 

with a poor outcome. However, assessment of STV/HV evolution during pregnancy 

was only possible in 9 foetuses. In a small part of the work by Shue et al. (12), growth 

rates were suggested for the tumour volume, tumour volume to head volume ratio (TV: 

HV) and TFR. 

In our study, we chose to evaluate the tumour volume to head circumference ratio 

because we wanted a parameter that was easy to calculate and reproducible. In 

addition, head circumference is part of the Hadlock formula and represents the foetal 

growth (23,24). Unfortunately, we did not find a significant difference in TVI growth in 

our population, which is probably due to a lake of puissance.  

During pregnancy, the presence of cardiomegaly and polyhydramnios were 

significantly associated with poor foetal prognosis but abnormal Doppler was not, in 

our study. Some studies have observed that measurement of this feature is of interest 

in guiding foetal care, as abnormal Doppler may predict cardiac failure (25). Others 

feature such as placentomegaly (26,27) or enlargement of the inferior vena cava 

diameter (3) were also of interest in predicting poor development of cardiac function. 

All these prenatal signs could help patricians to adjust prenatal monitoring or to indicate 

delivery. 

In our population, we found a low mortality rate (7%). In other publication, it ranged 

between 13 – 67% (8,26,28). We had only two postnatal deaths and no foetal demise 

except one which was extremely early and associated with other severe 
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malformations, so we decided to exclude it. Also, we had no hydrops fetalis, which we 

know is highly associated with death. Hedrick et al. (29) report an overall mortality rate 

of 46% in their series of 30 foetuses, which increased to 70% when associated with 

hydrops. This could be due to an improvement in foetal monitoring in recent years and, 

most probably because most new-borns are born before this stage. 

The strength of our study was the sample size, similar to other publications, with a 

short time period and multicentre recruitment. It allowed us to update the data on SCT 

in the Auvergne Rhône Alpes region (AURA). For our primary outcome, we chose a 

composite criterion for several reasons. First of all, we could not use neonatal mortality 

as the only criterion, because of its low rate. We decided to associate it, with the use 

of vasopressors or blood transfusions after birth. We did not include preterm birth or 

emergency surgery because we wanted an outcome that was most representative of 

the infant’s condition at birth. For the criterion of vasopressor requirement, we excluded 

the use of aminergics during surgery because of the effect of the anaesthetic drugs on 

the haemodynamic system. We did not do the same for transfusion, because we knew 

that intra-tumour haemorrhage was the most common cause of death (28,30), so we 

included it even if it was used during surgery. 

Our study proposed an assessment of volume and diameter growth rate in the same 

population. The superiority of monitoring volume growth rate has been suggested in 

Hambraeus et al.’s study (2) but we found no other publication comparing them. 

Monitoring TVI growth rate also seemed interesting, as this parameter is indexed to 

the foetal growth rate, but further studies are needed. 

The retrospective study design has certain limitations. Antenatal ultrasound scans 

follow up was heterogeneous. The time between ultrasounds scans was different, so 

we had to consider the growth rate of the tumour as linear. Several tumour measures 
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data were missing. Most of the time, only two dimensions were calculated. Some foetal 

biometric data were also missing.  

In summary, we have shown that the growth rate of volume, in contrast to the growth 

rate of diameter, was associated with extended perinatal morbidity and mortality. 

Volume also appears to play an important role in its association with poor outcome. 

Growth rates greater than 18.01 cm3/week and volume greater than 245 cm3 are 

associated with a higher risk of poor foetal outcome. Then, if signs of heart failure are 

subsequently noted, such as polyhydramnios or cardiomegaly, delivery should be 

considered. A future prospective study should compare the growth rate of tumour 

volume and the tumour volume to head circumference ratio. Finally, this work has also 

shown that the surveillance of foetuses with a sacrococcygeal teratoma is very 

heterogeneous. Establishing a monitoring protocol would be of great interest in the 

management of this complex foetal pathology. 
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Additional data 
 

 

 
 

Additional data 1: Tumour growth all patients 
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Additional data 2: ROC curves of the parameters 
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Additional data 3: Volume 

 
 
 
 
 
 
 
 
 
Additional data 4: Relative volume growth per week 
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Additional data 5: Diameter 

 
 
 
 
 
 
 
 
 
Additional data 6: Tumour Volume Index 
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