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Antenatally detected sacrococcygeal teratoma (SCT) is a potentially life-threatening condition. Its prenatal management remains a topic of debate due to its association with fetal and maternal complications. This review delves into various fetal approaches to SCT, elucidating the roles of different procedures. Overall, fetal treatments are proposed to highly selected patients, with severe complications of SCT who carry a dismal prognosis and a high-risk in utero death. No shared protocols for patient and/or procedure selection exist thus overall management of these patients is highly dependent on the team skills and facility resources. Despite the general feeling that a prenatal diagnosis of SCT involves a high mortality risk, this comprehensive review demonstrates that advancements in fetal SCT treatment positively affect both fetal and maternal outcomes.
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Introduction

Sacrococcygeal teratoma (SCT) is one of the most common solid tumors in fetusus (1). Although mortality rate in neonatal SCT is quite low (survival of 83%–90%), the prognosis in prenatally diagnosed SCT tends to be poorer with mortality rates between 30% and 50%, therefore careful management and meticulous follow up are mandatory both in the short and long-term period (2–4). A specific field of investigation is therefore prenatal SCTs that show a significantly higher mortality, especially in case of hydrops development (1). Given its potentially life-threatening nature, fetal treatments emerge as a useful tool in selected cases (5–8). Over time, various strategies have been proposed based on fetus and mother's condition and specific tumor characteristics (9, 10).

Current indications for fetal treatments depend on the severity of clinical manifestations: the rapid growth, a predominant solid component and hypervascularization resulting in fetal hydrops, placentomegaly, polyhydramnios, and preterm labor (11–13). Maternal complications, such as the “mirror syndrome,” can also be indications to prenatal treatment (14, 15). Hence, fetal treatments are indicated for severe fetal SCT (FSCT) with the characteristics above, while FSCT without those complications are candidates for prenatal expectant management and subsequent neonatal surgery.

Despite notable progress, the management of fetal FSCT remains a topic of debate, complicated by the challenge of selecting the best treatment for each candidate (16, 17).

The aim of the current review is to provide a comprehensive view of the current landscape of in- utero approaches to severe FSCT. A comparison between outcomes of FSCT's patients submitted to fetal treatments and those with no fetal intervention is not discussed since indications are different. Limit of the current study is the absence of a statistically significant comparative analysis between techniques due to data heterogeneity and the amount of missing data.



Materials and methods

PubMed and Embase were searched including studies from 1983 to September 2023 using the following keywords: (fetus OR fetal OR foetal) AND (prenatal OR intrauterin*) AND (sacrococcygeal teratoma).

Reference management was done with Rayyan. After removal of duplicates, three reviewers (G.C., M.C.C., G.F.) independently screened the titles and abstracts. The full texts of eligible articles were reviewed. Statistical analyses were performed using prisma graph-pad (R) and r. Data are presented as mean ± SD unless otherwise specified. Differences in categorical variables between two groups were analysed using Fisher's exact test and differences in continuous variables with unpaired t-tests. Statistical significance was set at P < 0.05. All tests were two-sided.



Results

The literature search yielded 790 citations. After removal of 467 overlapping results, 323 abstracts and titles were screened. After screening, 48 manuscripts were retained for the final analysis [Supplementary Table 1 (18–65)].

A PRISMA flow chart is detailed in Figure 1.
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FIGURE 1
PRISMA flowchart.


Given the lack of large series, data heterogeneity and the amount of missing data, the results will be exposed in the form of a narrative review.

From the analysis of the 48 included papers, data from 814 cases of FSCT were extracted:out of these, 101 underwent a termination of pregnancy (12,4%).

Overall, in utero procedures were attempted on 180 fetuses (22.63%). Mean gestational age (GA) at first fetal procedure was 183 +/- 38 days. Indications were the following: hydrops (30.4%), polyhydramnios (22.1%), cardiac failure (22.1%), risk of preterm labor (6%), mirror syndrome or preeclampsia (3.8%), others (8.8%), unreported (6.7%).

The performed fetal procedures were: amniotic drainage (23.8%), open fetal surgery (21.1%), cyst aspiration (16%), vascular laser ablation (8.8%), interstitial radio-frequency ablation (5.5%), intrauterine transfusion (5%), percutaneous shunting (3.3%), vascular radio- frequency ablation (3.8%), alcohol sclerosis (2.2%), EXIT (2.2%), interstitial laser ablation (1.6%), ascites puncture (1.6%), amnioinfusion (1.1%), histoacryl embolization (0.5%), thermocoagulation by diathermic monopolar (0.5%), unspecified (0.5%).

Intrauterine mortality after fetal treatment was 12.8%. Mortality rate stratified for type of procedure is reported in Figure 2.
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FIGURE 2
Mortality rate adjusted by number of available data and stratified for type of procedure.


Time from procedure to death was 8 +/- 6 days (range 0-23): 9 +/- 6 for open surgery, 4 +/- 3 for vascular laser ablation, 21 for interstitial radiofrequency ablation, 2.5 for intrauterine transfusion, 1 for vascular radiofrequency ablation, 0,5 for interstitial laser ablation, 0 for ascite puncture, 23 for amnioinfusion and 2 for thermocoagulation by diathermic monopolar.

Time from diagnosis to treatment was 32 +/- 24 days (range 1–91). Time from procedure to improvement of symptoms was 5,4 +/- 3,2 days (range 3-9). Time from procedure to birth was 27.6 +/- 28 days (range 5–98). Mean gestational age at birth was 207 +/- 24 days (168-254). Time from procedure to birth for type of procedure is reported in Figure 3.
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FIGURE 3
Time from procedure to birth for type of procedure.


According to available data, overall survival of patients who received a treatment was 57.3% (survival after procedure was not described for 24 patients): 23 died in utero due to massive intratumoral hemorrhage (6), persisting or recurrent hydrops (4), cardiac failure (3), tumor rupture (1), unreported (9); 30 died after birth due to complications of prematurity (29) and surgery (1). Maternal complications were HELLPS syndrome (1, maternal death), mirror syndrome (2, resolved after fetal treatment), placental abruption (1).

Despite the small number of cases, a comparison between open fetal surgery and minimally invasive procedures was attempted. Survival rate was 60,9% for open fetal surgery and 58,2% for the remaining procedures. In particular, analysing radiofrequency ablation, laser ablation, alcohol sclerosis, thermocoagulation and histoacryl embolisation survival rate was 44,6%.



Discussion

Standardized protocols for the management of SCT in neonates define a comprehensive strategy that grants low recurrence rates and optimal survival (17). Inversely, special considerations arise when dealing with FSCT, for which no specific protocols exist and multiple additional variables may play a role in determining an overall dismal prognosis for the fetus and the mother (66, 67). Mass-related complications contribute to creating a challenging and potentially life-threatening condition (2–4) that may, in selected cases, benefit from fetal treatment (5–8).


Prognostic factors

Despite the small number of cases and the heterogenous procedures, some prognostic factors were identified to assess outcomes in FSCT (10, 64). Tumour volume to fetal weight ratio (TRF) and tumour volume-to-head volume (TV: HV) were recognized as independent predictors of poor fetal outcome and increased maternal operative risk (3, 61). A correlation between solid tumour morphology, placentomegaly, large tumour, high-output cardiac failure/hydrops, polyhydramnios and adverse outcome was also detected (3, 9, 10, 51, 61, 67–69). Including all the previous factors, a prognostic classification for FSCTs was proposed: group A with a tumour diameter of <10 cm, absent or mild vascularity, and slow growth; group B with a diameter of 10 cm or greater, pronounced vascularity or high-output failure and rapid growth; group C with tumour diameter of 10 cm or greater, predominantly cystic lesion with absent or mild vascularity and slow growth. Groups A and C have a good maternal and perinatal outcome, while group B is related to poor outcomes (37, 43).



Prenatal techniques

Despite some non-negligible limitations, the current review provides an overview of in utero approaches for SCT and comprehensively evaluates the full spectrum of currently available modalities (58, 62).

Prenatal management of FSCT is nowadays still debated, but intervention before the development of high-output cardiac failure, hydrops and maternal mirror syndrome are suggested to optimize fetal survival. Overall indications for fetal treatments are therefore based on prognostic factors, clinical features and gestational age (GA). According to this, fetal treatments are suggested for severe FSCT with unsuitable GA for delivery, while FSCT without those complications are candidates for prenatal monitoring and subsequent neonatal surgery. From the analysis of the available literature, the following procedures emerged.



Ex utero intrapartum treatments (EXIT)

EXIT may be performed in the absence of maternal contraindications, in case of fetuses with an appropriate gestational age (after 32 weeks) and complications such as heart failure and large vascular type I or II tumor necessitating early delivery.Under general anesthesia, to improve uterine relaxation and uteroplacental blood flow, hysterotomy is performed and tumor debulking is carried out under fetal monitoring to interrupt the vascular steal and minimize tumor manipulation and trauma. The fetus is then intubated and given surfactant before the umbilical cord is clamped. EXIT benefits include avoiding intrauterine infection, placental abruption, very early premature rupture of membranes and premature delivery (66). From literature review emerged that good prognosis is achieved, but this technique is not free from risks such as maternal blood loss, infections and increased postpartum recovery time (66). Comfortingly, maternal complications and adverse outcomes are being reduced with the improvement of surgical instruments and techniques as uterine staplers and intraoperative uterine packing.



Open fetal surgery

In-utero open fetal surgery is otherwise suggested to improve outcomes of selected fetuses with clear miserable prognosis and inappropriate GA for delivery. The following features should be present: impending high-output cardiac failure and related complication as hydrops, fetal GA of 20–30 weeks, isolated type I and II SCT, no associated anomalies and normal fetal karyotype, no maternal contraindication to surgery (7, 8, 23, 30, 36, 43, 64). The procedure aims to debulk the tumor, with formal oncologic resection postponed postnatally. Under general anaesthesia with volatile anaesthetic and intravenous nitroglycerin for uterine relaxation, an anterior hysterotomy is performed away from the margin of the placenta through a Pfannenstiel incision and the fetus is positioned to expose the tumor. The amniotic space is then perfused continuously with warm lactated Ringer's solution, paralytic agent and fentanyl are administered to the fetus via an intramuscular injection. Fetal intravenous access is obtained and continuous echocardiographic and pulse-oximetry monitoring of the fetus is assessed. After FSCT exposition, a tourniquet is applied to constrict blood flow and tumor debulking is performed without attempting to dissect the intrapelvic component or to remove the coccyx. Eventual massive blood loss and coagulopathy should be supervised. Advanced high-output cardiac failure, maternal contraindications to surgery or mirror syndrome, type III-IV SCT and placentomegaly are commonly believed contraindications to fetal surgery. Although open fetal surgery is reported to improve outcomes in such selected fetuses with an overall survival rate of 60,9%, some papers described significant maternal and fetal morbidity as premature rupture of membrane, preeclampsia, gestational diabetes, HELLP syndrome and polyhydramnios/oligohydramnios (29). Intraoperative complications including bleeding, hypovolemia, cardiac arrest, acidosis and coagulation abnormalities are numerous as well. Also postnatal comorbidities ad rectal stenosis, functional constipation, tumor recurrence and wound dehiscence were reported.

Therefore, open fetal surgery and EXITS are down trending procedures and the modified caesarean section (C-section) with immediate tumor resection is nowadays a preferable approach (53).



Minimally-invasive approaches

Minimally-invasive approaches were proposed to fetuses with severe FSCT and inappropriate GA for delivery who would otherwise have a poor prognosis. The aim is to reduce morbidities related to open fetal procedures and to preserve the fetus in its natural environment without affecting uteroplacental circulation (36, 43, 59–61).

From the analysis of the literature, cyst aspiration and amniotic drainage were the most frequently performed procedures. They are recommended to decrease intrauterine volume and to prevent preterm delivery and tumour rupture if polyhydramnios, hydropic condition or huge volume of the cystic component of the tumour is achieved but gestational age is not appropriate for labour (36, 38, 43). A mean GA at procedure of 29 + 5 weeks for amniotic drainage and 32 weeks for cyst aspiration with a survival rate of 91,4% and 95,4% have been respectively calculated.

Radiofrequency ablation (RFA) is performed in case of rapidly growing, highly vascular mass and cardiomegaly. A transcutaneous introduction of a needle electrode into the tumour under ultrasound (US) guidance is performed and radiofrequency energy (10–100 W) is then delivered causing tissue necrosis. This procedure may involve the entire tumour (“interstitial” ablation) or may be targeted on SCT supply vessels (“vascular” ablation). Results showed that vascular approach aiming to target the feeding vessel reverses the high-output heart failure preventing fetal tumor growth and increasing the survival rate to 64% with resolution of fetal hydrops (7, 32, 46, 59).

On the other hand, interstitial ablation leads to a massive disruption of tumour tissue with higher risk of fetal death due to haemorrhage and activation of disseminated intravascular coagulation with subsequent uncertain prognosis (4, 51). Other risks of the procedure include gas embolization due to microbubbles, hyperkalemia caused by tissue necrosis, perineal damage, hemorrhage, preterm labor and fetal demise. Although RFA has been used as salvage therapy in fetuses who would have otherwise died, the procedure is not free from complications.

Laser ablation is an alternative approach when early delivery is contraindicated because of prematurity and hydrops or cardiac failure affect the fetus (22, 66). Under US guidance a needle of a continuous diode laser is placed into the fetal tumour towards the feeding vessel, without affecting the placenta and, when the tip is in the proper position, laser fibre is passed through the lumen of the needle. Ablation of the abnormal artery is performed in about 3 min. Although some good results were obtained, fetal death after the procedure, related to anaemia and heart failure, were experienced (42). From available literature emerges that laser ablation reduces maternal complications and the risk of premature rupture of membrane, however, the risk of intratumoral necrosis and hemorrhage causing fetal heart failure and thromboembolism increase. Recurrence of hypervascularization, brain injury and early preterm birth (<32 weeks’ gestation) are also described as possible complications (42). Few authors proposed YAG laser ablation of FSCT under fetoscopic view but different outcomes were described (22, 38), speculating that Doppler US guidance seems a safer approach compared to fetoscopic technique.

As an alternative, US guided thermocoagulation of tumour vessels with a diathermic monopolar probe and alcohol sclerosis of tumour's feeding vessels were proposed. Unfortunately, in most cases fetal demise because of persistent cardiac failure was described (33). As a matter of fact, the analysis we performed showed that no fetus survived after thermocoagulation and only 20% were alive after alcohol sclerosis.

As described above, minimally invasive approaches are not free from morbidities. Higher risk of preterm rupture of membranes, early preterm birth < 32 weeks’ gestation and in-utero death, fetal trauma related to thermal spread, extratumoral spread of embolizing or sclerosing agents induced by thermal tissue ablation, haemorrhage and hyperkalemia occur (22, 32, 37, 38, 42, 55, 63).

A recent review speculates that endoscopic laser ablation of vessels on the surface of the tumour and US guided intratumoral injection of alcohol sclerosant have now been abandoned, and the most used techniques are US-guided intratumoral ablation, either by laser or radio frequency (63). However, the few numbers of fetuses prenatally treated is too small to allow conclusions about which of the interventions is the most beneficial.



Data analysis

Overall, the analysis of the included patients provides crucial insights into prenatally treated SCT: among the 814 included cases, only 180 underwent attempts to fetal therapy, emphasizing the complexity of the decision-making process and the approach. A multidisciplinary evaluation is mandatory.

The primary goal of fetal therapy is to improve fetal survival, halting vascular shunting through the tumor to prevent progression to hydrops, rapid tumor growth and fetal cardiac failure (11, 12, 69): the advances in various techniques indicate a continuous effort to refine and innovate (62, 70). The overall calculated mortality rate following fetal treatment (12.8%) emphasizes the intermixed effects of the severity of the fetal condition and the potential complications or ineffectiveness of the procedure. These results boost the unsolved debate on the balance between delayed treatment and procedure-induced preterm labor. Unfortunately, the correct timing is still unclear: delaying the procedure may result in treating “too late to be effective” while the current life-threatening indications could, by themselves, cause death despite a successful procedure. Unfortunately, due to the lack of comparable data, it is impossible to draw a conclusion.

However, despite the variability among techniques used, the calculated survival rate for fetuses that have access to prenatal treatment is 57%, suggesting substantial benefits of fetal interventions (62, 69, 70), in a subset of patients that would probably have died if left untreated. Hence, reconsidering indication criteria for prenatal treatment and a better knowledge of prenatal treatments complications could offer an opportunity to survive to a larger population of fetuses with FSCT and reduce the pregnancy termination rate.

Concerning a comparison between procedures, nowadays in literature statistically significant data about which approach is more feasible between open surgery and minimally-invasive technique are not available. On the other hand, the analysis performed showed a similar survival rate between open fetal surgery and minimally-invasive techniques (respectively 60,9% and 58,2%) and RFA, laser ablation and amniotic drainage/cyst aspiration seem to be the most effective.

However, given the small number of cases managed with the different treatment modalities, it is difficult to prove any statistically significant superiority between them. In addition, available literature shows that the treatment choice often relies on the team's skills/experience and the facility resources (71, 72), rather than on patient/tumor variables.

As in other rare fetal tumors, networking between centers may give the opportunity to collect data from larger series. This in turn could allow a more meaningful analysis and stronger evidence towards the definition of the best treatment for severe FSCT.

Although no uniform indications have yet been established, the authors of the current paper agreed about an algorithm for FSCT management. In case of low-risk SCTs, prenatal monitoring without intervention and an elective caesarean delivery is warranted. In high-risk SCTs fetuses beyond 28 weeks of gestation with signs of fetal or maternal compromise, early delivery is advised with C-section and subsequent neonatal tumour resection. Since fetal surgery related complications increase after 28 weeks GA, affecting fetus outcome, pre-emptive delivery is recommended to interrupt progression to high-output cardiac failure and subsequent irreversible poor outcome. It would be preferable to deliver a more premature infant in a less compromised state (prehydropic) than to deliver a full term infant in cardiovascular collapse. On the other hand, in type I or II SCT fetuses that develop early signs of hydrops before 28 weeks of gestation prenatal procedures to interrupt the tumour's blood supply may be attempted (32, 47, 50, 60, 66).

In the present review, we did not focus on the impact of fetal treatment on long term follow-up of neonates with FSCT because only few papers properly described their results and correlation with techniques, therefore a comparative analysis between the procedures is not feasible. In fact, in these patients there is a growing concern for long-time functional outcomes related to scars, neurogenic voiding, defecation dysfunction, and associated malformations (62, 64, 69, 70). The potential impact of in utero treatments on functional outcomes needs to be part of the debate.

A comparison between outcomes of fetuses with SCT prenatally treated and those who did not receive fetal intervention was not the aim of the current paper. As a matter of fact, fetal treatments are indicated in extreme cases for severe forms of SCT with hydrops or fetal cardiac dysfunction and otherwise poor prognosis, while prenatal expectant management was performed in fetuses with small SCT without significant vascularity and unlikely to develop those complications. In addition, literature lacks data about prenatally detected SCT not underwent prenatal treatment, therefore a comparison of indications and outcomes is nowadays challenging.




Conclusions

Advances in fetal medicine for SCT offer opportunities to improve outcomes in a group of patients with dismal prognosis. A comprehensive, multidisciplinary evaluation and counseling are crucial in the decision-making process, given the inherent and severe complications associated with fetal treatments.

Unfortunately, the limited sample size and the lack of comparable data highlight the need for further, systematic research as well as multicentric studies and networking to better establish the role of fetal procedures and define the most feasible and safe interventions.

However, despite the variability among techniques used, data suggested benefits of fetal interventions in a subset of patients that would probably have died if left untreated.
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