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Differences in postoperative complications 
and prognosis of sacrococcygeal teratoma 
and presacral tumors in Currarino syndrome
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Abstract 

Background: While sacrococcygeal teratoma (SCT) is a tumor originating from the tip of the sacrum, presacral 
tumors are accompanied by Currarino syndrome (CS) and classified as the Altman’s type IV sacrococcygeal tumors. 
They are quite different in their pathologies despite the similar location. To the best of our knowledge, there are no 
published reports comparing their prognosis; therefore, we analyzed their postoperative results and long-term prog-
nosis. Twenty patients with SCT, including CS, who were being followed up at the outpatient clinic of the Department 
of Pediatric Surgery, Miyagi Children’s Hospital between 2004 and 2020, were enrolled in the study. Patients were 
divided into two groups: those who developed SCT without anorectal malformation and sacral dysplasia, and those 
who developed presacral tumors with anorectal malformation or sacral dysplasia as CS. Patient records were retro-
spectively reviewed for clinical details, postoperative complications, and long-term prognosis.

Results: Tethered cord syndrome occurred significantly more frequently in the CS group (p = 0.0108). However, no 
significant differences were observed for malformations other than tethered cord syndrome. Early complications in 
the CS group were significantly higher than those in the SCT group (p = 0.023); the most common complication was 
dysuria. Regarding long-term prognosis, 70% of patients in the CS group complained of defecation disorders, which 
was significantly higher than that in the SCT group (p = 0.0198). Voiding dysfunction was also more common in the 
CS group.

Conclusions: There were significant differences between SCT and CS regarding the rate of development of tethered 
cord syndrome, short-term postoperative complications, and long-term prognosis. Thus, they are different diseases 
with the only commonality being the presence of a sacrococcygeal tumor. Furthermore, this study indicated that the 
background and prognosis of the two conditions were also quite different.

Keywords: Sacrococcygeal teratoma, Currarino syndrome, Long-term outcome, Postoperative complication, Sacral 
agenesis

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
Sacrococcygeal teratoma (SCT) is a rare tumor, occur-
ring in 35,000 to 40,000 births [1], with a male-to-female 
ratio of 1:3-4 [2]. SCT is the most frequent tumor in 
newborns, when stillbirths are also considered [3]. It 
can become extremely large, cause massive bleeding and 

high-output heart failure, and be fatal [4–6]. Even after 
tumor resection and reduction from the acute phase, in 
some cases, long-term recurrence, malignant transfor-
mations, defecation disorders, urinary disorders, and 
lower limb movement disorders may develop [7–10]. The 
functional prognosis of SCT is diverse. Urologic func-
tional disorders occur in 14–51% of cases and defecation 
disorders occur in 0–47% of cases [7, 8, 11, 12].

Currarino syndrome (CS) is well recognized by the 
Currarino triad of anorectal malformations, sacral 
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abnormalities, and presacral tumors [13]. Presacral 
tumors have no strict definition and are often treated 
as part of the Altman classification of type IV SCT [14]. 
The surgical strategy for CS is tumor resection and ano-
rectoplasty. However, there are few reports on the post-
operative outcomes and prognosis. Yoshida et  al. [15] 
reported that 40% of patients with CS remained severely 
constipated after surgery, ultimately requiring an appen-
dicostomy for antegrade colonic irrigation, and that the 
true incidence of constipation may be significantly higher 
than previously thought, because of the different levels of 
recognition of ongoing symptoms. Lee et al. [16] reported 
that 83% of patients with CS who underwent surgery had 
voiding complaints, postoperatively. Since the severity 
and incidence show dissimilarities from the SCT find-
ings reported thus far, despite tumor resection at the 
same site, we hypothesized that the prognosis may differ 
between SCT and CS. To the best of our knowledge, no 
studies have directly compared CS and SCT; therefore, 
we classified patients with CS as having sacral dysplasia 
or anorectal malformations and SCT without comor-
bidities, and analyzed their postoperative outcomes and 
long-term prognosis.

Methods
Patient population and data collection
Twenty-three patients with SCT, including CS, who were 
being followed up at the outpatient clinic of the Depart-
ment of Pediatric Surgery, Miyagi Children’s Hospital 
between 2004 and 2020, were enrolled. The study was 
approved by the Ethics Committee of Miyagi Children’s 
Hospital and has, therefore, been performed in accord-
ance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments. Writ-
ten informed consent was not required, as this was a ret-
rospective study using de-identified data.

Of the 23 patients, three were excluded as they had 
spina bifida, and this comorbidity, by itself, presented 
with a high degree of neuropathy, such as constipation, 
dysuria, and lower limb disorder. Twenty patients were 
divided into two groups: those who developed SCT 
only without anorectal malformation and sacral dys-
plasia (SCT group) (Fig.  1), and those who developed 
presacral tumors with anorectal malformation and/or 
sacral dysplasia (CS group) (Fig. 2). The patients satis-
fied the conditions for the Currarino triad were defined 
as complete CS and the remaining three cases with only 
sacral hypoplasia and presacral tumor were defined as 
mild CS [17]. Except for one patient who underwent 
computed tomography on day 2 in the SCT group, all 
patients were diagnosed using magnetic resonance 
imaging. We performed tumor resection and coccy-
gectomy, if the patient had a coccyx, for all patients 

with SCT, and chose the posterior sagittal approach 
for tumor resection and anorectoplasty, if necessary. If 
patients had tethered cord syndrome, untethered cord 
surgery was performed separately by a pediatric neu-
rosurgeon before surgery for SCT or CS. Disturbance 
of defecation was defined as refractory constipation 
requiring medical treatment, including fecal disimpac-
tion or regular use of enemas and/or oral laxatives. 
Disturbance of urination was defined as uncontrolled 
voiding, repeated urinary tract infections, bladder emp-
tying problems, or the need for clean intermittent cath-
eterization. Both disturbances were the most recent 
conditions in the study range. Patient records were ret-
rospectively reviewed for clinical details, such as sex, 
gestational age, birth weight, comorbidities, radiologi-
cal and pathological assessment of the tumor, surgical 

Fig. 1 Sacrococcygeal teratoma on MRI (Altman’s type II)

Fig. 2 Presacral teratoma associated with Currarino syndrome on 
MRI (Altman’s type IV)
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factors, postoperative complications, long-term out-
comes, and follow-up duration.

Statistical analysis
The data obtained in this study were assessed using the 
Wilcoxon rank-sum test or Fisher’s exact test for statis-
tical comparison of the two groups. All statistical analy-
ses were performed using the JMP Pro 14 software (SAS 

Institute Japan Ltd.). Statistical significance was set at p 
< 0.05.

Results
Characteristics of the CS group
All patients in the CS group had sacral hypoplasia, and 
seven had anorectal malformations. In other words, 
seven patients were complete CS and the remaining three 
cases were mild CS. To varying degrees, sacral hypoplasia 
was unilateral in nine out of 10 cases (Fig.  3); one case 
was bilateral. Anorectal stenosis accounted for more than 
half of the anorectal abnormalities observed, a character-
istic of CS called “funnel anus.”

Background and perioperative factors of the SCT and CS 
groups
Table  1 summarizes the background and perioperative 
factors of patients with SCT and CS. In both groups, 
the proportion of female patients was more than two-
fold that of male patients. All patients were born at 
term and had an appropriate weight. Tethered cord syn-
drome occurred significantly more frequently in the CS 
group (p = 0.0108). However, no significant differences 
were observed for other malformations. The size of the 
tumor evaluated on imaging was not significantly differ-
ent between the two groups. All patients in the CS group Fig. 3 Radiograph of hemisacrum in Currarino syndrome

Table 1 Background and perioperative factors of patients with SCT and CS

Data are presented as frequency (%) for qualitative parameters and median [range] for continuous parameters

SCT sacrococcygeal teratoma, CS Currarino syndrome

*p < 0.05

SCT (n = 10) CS (n = 10) p value

Sex (female:male) 7:3 7:3 1.0

Gestational age (weeks) 39.3 [37.4, 41.3] 39.4 [37, 41] 0.872

Birth weight (kg) 3 [2.79, 3.22] 3.24 [2.56, 4.4] 0.182

Other malformations 1 (10%) 4 (40%) 0.303

Tethered cord syndrome 0 (0%) 6 (60%) 0.0108*

Size of tumor on image (mm) 40.5 [22, 127] 30 [13, 45] 0.0811

Altmann classification type I: 5, II: 3, III: 1, IV: 1 IV: 10

Pathology of tumor Mature teratome: 9, immature teratome: 1 Mature teratome: 7, hamartoma: 2, lipoma: 1

Age at radical surgery (days) 45.5 [1, 1870] 578 [24, 4341] 0.0277*

Surgery time (min) 179 [115, 373] 397.5 [176, 483] 0.012*

Blood loss (g) 17.5 [0, 85] 24 [6, 92] 0.377

Early postoperative complication 2 (20%) 8 (80%) 0.023*

Surgical site infection: 1, residual tumor: 1 Dysuria: 6, residual tumor: 2, wound dehiscence: 
1, urethral injury: 1, rectal injury: 1, abscess: 1

Disturbance of defecation 1 (10%) 7 (70%) 0.0198*

Disturbance of urination 0 (0%) 4 (40%) 0.0867

Motor dysfunction of the lower extremities 1 (10%) 0 (0%) 1.0

Recurrence of tumor 0 (0%) 0 (0%) 1.0

Follow-up duration (years) 8.4 [0.2, 16] 7.9 [1.5, 12] 0.903
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showed Altman classification type IV, whereas Altman 
classification type I was more common in the SCT group. 
In both groups, the pathology was mostly mature tera-
tomas; there was one case of immature teratoma in the 
SCT group, two of hamartoma, and one of lipoma in the 
CS group. Due to intractable constipation, colostomy was 
performed in five patients in the CS group, before radical 
surgery. Age at radical surgery was significantly higher in 
the CS group (p = 0.0277). The surgical time was also sig-
nificantly longer in the CS group (p = 0.012). There was 
no significant difference in the amount of bleeding asso-
ciated with surgery between the two groups.

Early complications in the CS group were common 
(80%); mostly postoperative dysuria, which did not mani-
fest before radical surgery. Of those with early compli-
cations, 33% improved over time, and 67% had voiding 
dysfunction. Dysuria was not evident as an early com-
plication in the SCT group. Overall, early complications 
were significantly more common in the CS group than in 
the SCT group (p = 0.023). Regarding long-term prog-
nosis, 70% of patients in the CS group complained of 
defecation disorders; this was significantly higher than 
that in the SCT group (p = 0.0198). Although there was 
no significant difference in dysuria, it tended to be more 
common in the CS group. One case of lower limb dys-
kinesia was observed in the SCT group, which was con-
sidered to be largely affected by comorbid neuromuscular 
disease. There were no recurrent tumors in either group. 
The median follow-up period for the SCT and CS groups 
was 8.4 and 7.9 years, respectively, with no significant dif-
ference observed between the two groups.

Discussion
Since SCT and CS are associated with different patholog-
ical findings, this study hypothesized that their prognosis 
is likely to be different. Comorbidities, perioperative fac-
tors, and long-term outcomes were significantly different 
from those of isolated SCTs and presacral tumors in CS. 
This is the first study to directly compare the background 
and prognosis of SCT and CS.

In our study, we defined the CS group as having pre-
sacral tumors with one or both anorectal malforma-
tions and sacral dysplasia. CS with the Currarino triad 
of anorectal malformations, sacral abnormalities, and 
presacral tumors was first proposed by Currarino et  al. 
[13] in 1981. The classification of CS was first reported 
by Martucciello et al. [17] in 2004. According to this clas-
sification, our CS group had complete CS in seven cases 
with Currarino triad and mild CS in three cases with only 
presacral tumors and sacral dysplasia. Therefore, this 
study may be regarded as a comparative study of SCT 
and CS. In recent years, the MNX1 gene was discovered 
to be responsible for CS, and there are some reports on 

its penetrability and phenotype diversity [18]. However, 
there is no clear gene responsible for SCT. Besides, presa-
cral tumors in CS arise from incomplete separation of the 
endodermal and ectodermal layers during early embry-
onic development [13]. SCTs originate from pluripotent 
cells (Hensen’s node) located at the tip of the coccyx [19]. 
Thus, from a developmental perspective, the two tumors 
should be considered different.

There was no difference in the background characteris-
tics of SCT and CS in terms of sex and perinatal factors, 
and the results were similar to those reported previously 
[20, 21]. CS is associated with some comorbid malfor-
mations, with tethered cord syndrome being especially 
common [22]. In this study, tethered cord syndrome was 
significantly more common in the CS group. Although 
there were no significant differences in other comorbid 
malformations, it was more common in the CS group 
with three cases of urinary system malformations and 
one case of body surface malformations. There was one 
case of neuromuscular disease in the SCT group. The fact 
that the time to surgery was significantly longer in the 
CS group may be due to later diagnoses in the CS group 
compared that in the SCT group. This is because the 
diagnosis of Altmann classification type IV tumors, such 
as CS, is often delayed compared to the more easily diag-
nosed Altmann classification types I–III SCTs. Although, 
there are reports of CS cases of Altmann classification 
type II, in this study, all CS cases were Altmann classifica-
tion type II, actually [23]. Additionally, the diagnosis of 
CS, especially in cases of mild anorectal malformations, 
can be easily missed when a small sacral defect is masked 
by a rectum loaded with stool [22].

Early postoperative complications were significantly 
more common in the CS group, especially dysuria. Dys-
uria was transient and improved over time; however, at 
the time of follow-up, four of the six cases had not yet 
improved. The main cause is thought to be intraoperative 
damage to the pelvic plexus. Barakat et al. [24] reported 
that 15 cases of Altman classification types I–II had no 
urinary or defecation disorders, but 5 of 7 cases (71%) of 
Altman classification types III–IV had urinary disorders, 
soiling, or constipation [24]. However, there are reports 
that the complications do not change according to Alt-
mann classification [25], and it may only be a problem 
when the tumor occupies the deep pelvic region. Regard-
ing long-term outcomes, defecation disorders were sig-
nificantly more common in the CS group, and dysuria 
was not significant, but tended to be more common in 
the CS group. Dewberry et  al. [26] reported that com-
pared to patients with isolated SCTs, patients with a pre-
sacral mass and anorectal malformation had worse bowel 
function outcomes. Additionally, it has recently been 
found that CS is associated with a higher occurrence of 
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dysuria than that reported in previous studies [16]. These 
negative reports on the long-term outcomes of presacral 
tumors in CS support our findings.

Although no tumor recurrence and similar histology 
were observed in both groups in our study, SCT is well-
known for its recurrence and malignant transformation. 
Dirix et al. [27] examined the malignancy and recurrence 
risk in SCT and presacral tumors associated with CS. 
Their results showed that in isolated SCTs, the malig-
nancy and recurrence risk were significantly higher in 
SCT than in CS. This suggests that even if the histological 
types of the tumors are similar, malignancy may be more 
common in SCT.

CS is often associated with comorbidities, such as 
anorectal malformations and tethered cord syndrome. 
Therefore, it was not possible to make a true compari-
son between tumors in this study, although low-type 
anorectal malformations, such as anorectal stenosis and 
anocutaneous fistulas, are often associated with good 
postoperative defecation control, and in this study, all 
tethered cord syndrome cases underwent detethering 
treatment. Besides, in this study, the number of cases was 
limited because of the rarity of the disease and the single-
institution survey. This may be caused by the absence of 
lower limb disorders and fewer complications in the SCT 
group in our study than previously reported. Similarly, 
with regard to long-term outcomes, the follow-up period 
was 10 years or less, and future large-scale research is 
required.

Conclusions
SCT and presacral tumors in CS are different diseases 
with the only common feature being the presence of 
a sacrococcygeal tumor. It was not surprising, there-
fore, that there were significant differences in the rate 
of development of tethered cord syndrome, short-term 
postoperative complications, and long-term prognosis, 
suggesting fairly different pathologies. Further detailed 
and large-scale research on the pathologies of SCT and 
CS is required.
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