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Abstract

Introduction: Sacrococcygeal teratomas (SCT) are the most common germ cell tumors. The incidence of voiding dysfunc-
tion is high in children with SCT and its origin is usually neurogenic. Pelvic innervation of the type and degree of teratoma is
known that may cause undesirable effects on urinary continence.

Methods: In this study, a complete urological examination including urinary microscopy, abdominal ultrasound, voiding
cystourethrography, and urodynamic study was performed in 11 patients who were operated for SCT in the neonatal and
infancy period between 1996 and 2004.

Results: Three of our patients had Type |, six had Type II, and two had Type Ill tumors. Recurrence occurred in four patients
during follow-up. Hydronephrosis was found as unilateral in two and bilateral in two patients. In urodynamic studies, we
found low bladder compliance in four patients, detrusor sphincter dyssynergia in five patients, unstable detrusor contraction
in five patients, and neurogenic bladder sphincter dysfunction in one patient.

Discussion and Conclusion: There was no significant relationship between the teratoma stage and urinary pathological
findings and continence. The data about those who had problematic surgery, the type and number of the procedures,
presence of invasion, the size of the tumor, recurrence, and undoubtedly the surgeon’s technique have suggested that they
are the effective factors in the occurrence of complications. The study suggests that the urodynamic studies should be per-
formed alongside other studies in patients with SCT.
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acrococcygeal teratoma (SCT) is the most common
Ssolid neonatal tumor with an incidence of 1 in 30,000-
40.000 live births, with a 3:1 female to male ratiol'l. They
may cause post-operative neurological disorders due to
the anatomical region they originate from. SCTs are clas-
sified according to a system developed by Altman et al.,[2!
which divides the tumors into four anatomical types that
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differ in the degree of pelvic extension.

While the risk of urologic co-morbidity in SCT patients ex-
ists due to the pelvic involvement, the potential mass effect
of the tumor and the need for surgical resection for neg-
ative margins, and it is also known that the type and the
stage can have adverse effects on pelvic innervation, anal
and urinary continence.34!
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In the study conducted by the American Association of
Pediatrics Section of Surgery, it was reported that the con-
genital anomalies related to the musculoskeletal system
and kidney were found in 18% of the cases!?. Urological
complications have been observed in 22-28% of patients
with SCT. In children with SCT, the incidence of voiding dys-
function is high, and its origin is usually neurogenic!>6,

In this retrospectively study, we aimed to stress the early
detection of bladder dysfunction and urinary system
anomalies to start the treatment as soon as possible and
to help determine the application standards prospectively.

Materials and Methods

We retrospectively examined the urodynamics studies of
11 patients who were operated at the SSK Tepecik Training
Hospital Pediatric Surgery Clinic between 1996 and 2004
during the neonatal and in infancy period due to SCT. Pa-
tients were selected regardless of age, gender, SCT stage,
clinical findings, and time elapsed from the last operation.
We questioned the daily voiding frequency, painful void-
ing, incontinence, constipation and anal incontinence. The
age of onset of the complaints, the type of surgical inter-
vention, complications developing during and after the
operation, radiological and serological examinations were
also investigated.

Urine microscopy and urine cultures were obtained. The
evaluation of the urinary system was made with lower ab-
dominal ultrasonography (USG), voiding cystourethrogra-
phy (VCUG) and urodynamics.

Urodynamic studies were carried out in the neuro-urology
laboratory of our hospital’s Urology Clinic, using the La-
borie 600 brand urodynamic device.

Standardized uroflowmetry and cystometry with Elec-
tromyography (EMG) were performed to evaluate detrusor
and sphincter functions during bladder filling and empty-
ing. The parameters recorded were expected cystometric
capacity, measured cystometric capacity, detrusor pres-
sure, uninhibited contractions of the detrusor; residual vol-
ume, compliance on uroflowmetryl7],

Bladder capacity was calculated for age based on formula:
EBC=(age in years + 2)x30 ml, and (under the age of two)
EBC=kg*7 miI8l,

International Childeren’s Continence Society accepts com-
pliance in children: If the expected functional capacity de-
trusor pressureis 10cm H,O or less, itis a normocompliance
bladder, and if it is above it is a hypocompliance bladderl7],

In our study, uroflowmetry was performed only in compli-

ant cases. In each case, urodynamic examination was per-
formed by filling the bladder at least twice. The data were
determined by calculating the average value of these two
measurements. During this retrospective study, pre- and
post-operative urological evaluations could be performed
in only one patient with SCT who had just started treat-
ment. Urodynamic examination was performed in other
patients after SCT excision.

Findings

All patients who applied to our clinic were referred by ob-
stetricians and pediatricians with the findings of swelling
on the sacrum. Symptoms of urinary and rectal compres-
sion were not detected in the first admission of the pa-
tients. Three patients were diagnosed by antenatal USG.
Eight (72.7%) of the patients were operated in the neona-
tal and 3 (27.3%) were operated in infancy period. Three
(27.3%) of our cases were Type |, 6 (54.5%) were Type ll, and
2 (18.2%) were Type Ill SCT.

The mean follow-up time was 39.5 months (3-84 months).
During the follow-up, 4 patients (36.3%) had relapse. Two
of these patients (50%) were Type Il and 2 (50%) were diag-
nosed with Type Il SCT. Two of these cases were operated
once, 1twice, and 1 four times in different centers. Abdomi-
no-sacral excision was performed to the patient who was
operated 4 times, and chemotherapy was given for terato-
carcinoma.

Urodynamic examination was performed to the patients
between 8 months and 9 years of age, with the mean of
56.3 months. The voiding complaints of 2 patients (18.2%)
could not be evaluated because they were under 2-years-
old and the parents did not report any complaints. There
was no history of urinary infection in our patients younger
than 2-years-old. While 8 of 9 patients (81.8%) older than 2
years had no complaints suggesting voiding dysfunction,
only one patient had painful voiding sensation, frequent
urinary tract infection and urinary incontinence. This par-
ticular patient who routinely performed clean intermit-
tent catheterization due to detrusor sphincter dyssynergia
(DSD), high residual urine and incontinence, was operated
4 times in various centers due to the development of ma-
lignancy and tumor recurrence. During the follow-up, uri-
nary tract infection was not encountered in any of the pa-
tients except one.

USG revealed unilateral hydronephrosis in 2 (18.2%) and
bilateral hydronephrosis in 2 patients (18.2%). In a case
with unilateral Grade 1 hydronephrosis, no anatomical
cause was found, and hydronephrosis regressed and kid-
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ney size returned to normal in the six-month follow-up. In
the other case with unilateral hydronephrosis, we detected
Grade 3 vesicoureteral reflux (VUR) and horseshoe kidney.
We found bilateral Grade 3 VUR in 1 case with bilateral hy-
dronephrosis, and bilateral lower ureteric stenosis in the
second case. Type | tumor was detected in the patient
with unilateral hydronephrosis whom hydronephrosis re-
gressed in the follow-up. Type Il tumor was found in two
cases: one with unilateral and the other one with bilateral
Grade 3 reflux. We found Type Il tumor in the patient with
bilateral hydronephrosis.

VCUG revealed, two patients with VUR and one patient
with irregular bladder contours and multiple diverticula.
The degree of VUR was bilateral Grade 3 in one case and
unilateral Grade 3 in the other.

The urodynamic examination results are summarized in
Table 1. A patient was examined both in the pre- and at
post-operative period (4-8 months of age). Both of these
results are shown in Table 2.

In the examination performed while the bladder capacities
of three patients (27.3%) (patients: 3, 8, 9) were found equal
to the expected capacity, it was less than expected in six
patients (54.5%) (patients: 1, 2, 6, 7, 10, 11) and more than
the expected capacity in two patients (18.2%) (patients: 4,
5).While the measured bladder capacity of one of the three

Table 1. Urodynamics findings

patients with Type | tumor was equal to the expected value
(patient: 3), it was measured lower than the expected ca-
pacity in the other two patients (patients: 1, 2). The blad-
der capacity of two patients with Type Il was equal to the
expected capacity (patients: 8, 9), two were below the ex-
pected (patients: 6, 7), and the other two were measured
above the expected capacity (patients: 4, 5). The bladder
capacity of two patients (patients: 10, 11) with Type Il tu-
mors was measured below the expected value.

Compliance values were measured as normal in 7 patients
(63.6%) (patients: 2, 3,5, 7, 8,9, 10) and as hypocompliant in
4 patients (36.4%) (patients: 1,4, 6, 11). Among the 7 patients
with normal compliance values, two had Type |, four had
Type I, one had Type Ill tumor. Four hypocompliant patients
had one Type |, two had Type Il and one had Type Ill tumor.

The bladder capacity of the patient with Type Il tumor who
had undergone pre and post-operative evaluations was
measured as 60 ml and 130 ml, and the compliance values
were detected as 3.2 ml/cmH_,O and 2.5 ml/cmH,0, respec-
tively.

We observed unstable detrusor contraction (UDC) in 5 pa-
tients (45.5%). UDC was observed in 2 patients with Type |
tumors, 2 patients with Type Il tumors and one patient with
Type lll tumors.

The Pdet Qmax values obtained for all patients were be-

Case Age SCT Expected Bladder Calculated Bladder Compliance DI LEAK Pdetmax DSD EMG Urine
(Month) Type Capacity (ml) Capacity (ml) Residue (cc)
1 50 | 180 145 6.8 + - 65 - + 5
2 52 I 180 140 10.2 + + 50 - + 2
3 926 | 300 290 13 - - 85 - + -
4 8 I 63 130 25 + - 110 + Dyssynergia 10
5 9 I 56 130 13.4 + + 130 + +/- 15
6 45 I 150 120 25 - - 73 + +/- 5
7 48 I 180 124 12 - - 70 + +/- 5
8 84 I 270 270 11.5 - - 50 - + 15
9 92 I 300 290 10.5 - - 80 - + -
10 48 11l 180 155 12 + - 75 - +/- 5
11 84 11l 270 200 7.5 - + 135 + +/- 100
DI: Detrusor instability; DSD: Detrusor sphincter dyssynergia; EMG: Electromyography; SCT: Sacrococcygeal teratomas.
Table 2. Pre- and post-operative urodynamics findings
Case Bladder capacity Compliance Residual urine Sensitivity
Before After Before After Before After Before After
1 60 cc 130 cc 3.2 2.5 10 10  Incompatible Incompatible
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tween 50 and 135 cmH_O. We recorded 3 (27.2%) of the
cases as pressures above 100 cmH_O and evaluated them.
These pressures were found to be high enough to affect
the upper urinary system during both bladder filling and
voiding. We observed VUR in two cases with Type Il tumors,
and DSD in one case with Type Ill tumor. Vesical pressure
values of other 8 (72.8%) cases were measured within nor-
mal limits.

The relaxation of EMG activity with detrusor contraction oc-
curred in 6 (54.5%) of 11 patients and these patients voided
normally. In remaining 5 (45.5%) patients, partial sphincter
relaxation was considered as the reason for the prolonga-
tion of urination time. DSD was observed in four patients
with Type Il tumors and in one patient with Type Ill tumors.

We detected residual urine which is more than 10% of the
bladder capacity in only one case. This patient had neuro-
genic bladder sphincter dysfunction. The expected bladder
capacity was 270 ml, and the maximum bladder capacity
was measured as 200 ml. In this case, 100 ml of residual
urine was detected after voiding.

In our study, the loss of motor function and defecation con-
trol of 2 patients (18.2%) could not be evaluated because
they have uncompleted toilet training. Chronic constipa-
tion and weakness in lower extremity muscles were de-
tected in a patient with Type Ill tumor. In one patient with
Type Il tumor, only chronic constipation was detected. We
encountered no problems of walking or soiling in other pa-
tients. Anal incontinence was not detected in any patients.
Statistical study could not be performed due to the small
number of patient groups.

Discussion

SCT is one of the most common germ cell tumors in in-
fants and children. Urological complications are observed
in 22-28% of patients with this lesion®l. Associated uro-
logical complications reported in children with SCT in-
clude VUR, ureteral and urethral obstruction, and neuro-
genic bladderl®,

Forthe 15ttime, Kirk et al.,['% examined 24 children with SCT
in 1973 and reported 8 children with urological problems. 3
of these patients had hydronephrosis, 1 tumor-associated
bladder outlet obstruction, and 4 patients had post-oper-
ative urinary retention due to per-operative nerve injury.
It is stated that the full urological evaluation and follow-up
is mandatory for all children with SCT.In his study in 1990,
Malone et al.®) found fecal and urinary incontinence in
40% of the patients and weakness in the lower limb mus-
cles in 2 patients. Both authors have been suggested that

the grade of the tumor affects the frequency of urologi-
cal sequelael®19, |n addition, Malone determined that in
tumors with large presacral components, post-operative
urinary and fecal incontinence increased up to 67% in the
abdominosacral and up to 33% in the sacrococcygeal ap-
proachl®l.

However, none of the reports mentioned above had de-
tailed urodynamic studies. In a study by Boemers et al.,[>]
on 11 patients, they have detected abnormal urodynamic
findings in 9 patients. It has been stated that the main cause
of neurogenic lower urinary tract dysfunction was due to
traumatic injury to the pelvic plexus and sacral nerves dur-
ing surgical dissection, and the primary cause was tense
spinal cord anomaly in two patients.

Ozkan et al.*l in 2006 analyzed the UDS of 14 patients of
operated SCT who presented with urinary infection or in-
complete bladder emptying after SCT resection. Detrusor
over-activity was seen in 8 patients, under-activity in 2 and
normal activity in 4. Abnormal urethral sphincter EMG po-
tentials were observed in 7 of 13 patients. They concluded
that full evaluation, including UDS, is mandatory before
and after surgery.

Berger et al.,['" evaluated post-operative bladder and
rectal function in 25 children with SCT and reported that
50% had bladder dysfunction. All four Altman types were
represented, and bladder dysfunction was found in all
tumor types. In additional Berger et al.!'" reported that
bladder dysfunction was common after SCT excision and
the disorder was even higher in children who underwent
multiple surgical interventions. Similarly, in their study on
27 patients, Giiler et al.,['?! bladder dysfunction was deter-
mined in 87.5% of the patients undergoing two or more
operations.

Khanna et al.,['3! evaluated a total of 57 patients clinic, ra-
diologic and urodynamical. They detected urological com-
plaints in 28 of 57 patients, and radiological abnormalities
in 8 patients. Urodynamic study was done in 27 patients,
18 had abnormalities. Six patients without any clinical or
ultrasonographic abnormalities had abnormal UDS. Three
patients had overactive bladder, five dysfunctional voiding,
one underactive bladder and one had giggle incontinence.

In our study, we detected UDC in 5 patients, DSD in 5 pa-
tients, neurogenic bladder sphincter dysfunction in 1 pa-
tient. While 2 of the patients with UDC had Type |, 2 had
Type Il and 1 had Type Il tumors, 4 of the cases with DSD
had Type Il and 1 had Type lll tumors. Although the number
of intergroup patients was not sufficient to make statistical
comparison, abnormal urodynamic findings were found
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more frequently in all three types of patients with high
tumor levels. These findings suggest that they are closely
related to the nerve damage during the surgical interven-
tion. Among the patients with UDC, the patient with Type
Il tumor underwent sacral and abdominosacral operations
for 4 times, while one patient with Type Il tumor had single
operation and the other one had two operations.

In sacrococcygeal tumors, bladder and rectum dysfunc-
tions are observed due to the location of the tumor and
surgeryl'. In our study, unilateral hydronephrosis was de-
tected in one patient in the pre-operative period. This com-
plete regression of hydronephrosis in the post-operative
period suggests that the hydronephrosis was due to the tu-
mor compression. The VUR detected in the post-operative
period in two patients may have developed due to surgical
nerve damage. It is possible that a number of urinary sys-
tem anomalies may have occurred due to the compression
of tumors extending into the pelvis and the urinary system;
however, since we could not perform sufficient pre-opera-
tive examinations in our patients, we did not find enough
findings to support these claims.

In the literature, constipation has been reported in post-
operative period"61415] |n our study, chronic constipa-
tion was detected in two patients.

Surgical trauma alone cannot explain the high incidence
of functional impairment in these children, and the root
cause of bladder sphincter dysfunction is still unclear. Uro-
dynamic evaluation of patients before and after surgery
will help to examine this problem more precisely. How-
ever, since most of these children undergo tumor excision
urgently after birth, urodynamics cannot be performed
mostly in patients with SCT. In our series, a child had un-
dergone pre- and post-operative urodynamic examination
and tumor excision was performed with a sacral approach.
Surgical treatment did not affect lower urinary tract func-
tion. Boemers reports that in two patients who underwent
tumor resection by sacral way, there was no difference in
pre- and post-operative urodynamics results and that the
lower urinary system functions were not affected’..

As a result, we found no significant relationship between
the teratoma stage and urinary pathological findings and
continence. Those who had problematic surgery, the type,
number, tumor invasion and size and recurrence of the in-
tervention, undoubtedly the technique and the patience of
the surgeon seems to be the effective factors in the occur-
rence of complications.

Limitations of this study are the limited number of patients
and therefore the inability to perform statistical analysis,

the lack of detailed pre-operative urological examinations
of the patients, the absence of patients with Type IV tu-
mors, the short follow-up periods, and the retrospective
evaluation.

In our study, the lack of striking results in terms of compli-
cations can be attributed to the small number of patients
as well as the concentration of patients at lower stages and
the application of meticulous neonatal intervention princi-
ples. On the other hand, we will have the chance to discuss
the findings more comfortably at the end of satisfactory
urodynamic studies in both pre- and post-operative pe-
riods in such patients. Clinic, radiologic, and urodynamic
studies may be useful in elucidating the causes of urinary
system pathologies that occur in the post-operative period,
as well as it will be useful in early prevention and treatment.
We recommend early urological evaluation for all patients
with SCT to protect their kidney function and increasing
the quality of life.
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