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Cardiac arrest during excision of a huge sacrococcygeal

teratoma
- A report of two cases -
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Resection of large sacrococcygeal teratomas (SCTs) in premature neonates has been associated with significant
perinatal mortality, making this a high risk procedure requiring careful anesthetic management. Most deaths
during resection of SCTs are due to cardiac arrest caused by electrolyte imbalances, such as hyperkalemia, and
massive bleeding during surgery. We describe two premature neonates who experienced cardiac arrest, one due to
hyperkalemia and the other not due to hyperkalemia, during excision of large, prenatally diagnosed SCTs. We present

here the considerations for anesthesia in premature neonates with huge SCTs. (Korean J Anesthesiol 2012; 63: 80-84)
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Resection of large sacrococcygeal teratomas (SCTs) in
premature neonates has the potential to be fatal and is
associated with a high rate of perinatal mortality [1]. SCTs are
the most common congenital neoplasms, occurring in 1 of
40,000 infants, with a female predominance of 95% [2]. Large
SCTs are associated with significant perinatal morbidity and
mortality (5—50%) [3]. Treatment consists of surgical removal
of the sacral mass, which has hypervascularity derived from the
middle sacral artery [1], and is usually performed immediately
after birth [4]. Therefore resection of these tumors is a high
risk procedure, requiring careful anesthetic management [5].
We describe here two premature neonates who experienced
cardiac arrest during excision of a huge SCT.

Case Reports
Case 1

A large SCT was detected by ultrasound in the fetus of a
27-year-old primagravida, with an unremarkable past medical
history, at 25 weeks and 5 days of gestation. Because of preterm
labor, the mother underwent an emergency cesarean section
at 32weeks and 2 days of gestation. The infant weighed 2.8 kg,
with 1 and 5 minutes Apgar scores of 3 and 6, respectively.
The patient was intubated and high frequency ventilation
was required for poor respiration. Postnatal ultrasonography
confirmed the presence of a highly vascular type 2 teratoma,
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10 x 20 x 19 cm in size, extending to the pelvic and abdominal
cavities, and containing solid and cystic components. There was
also evidence of hydrops fetalis, including subcutaneous edema
and severe abdominal ascites, and grade 4 hydronephrosis
in both kidneys. Following a cystostomy, urine output was
maintained at about 3—3.5 ml/kg/hr.

Preoperative laboratory results were as follows ; hemoglobin
11 g/dl, hematocrit 33%, platelet 230 x 10°/pl, prothrombin
time 1.01 INR and activated partial thromboplastin time 38.4
seconds. Other electrolytes were within normal range (Table 1).
Electrocardiogram (ECG) and chest x-ray were normal, but
preoperative echocardiogram showed patent ductus arteriosus
with left to right shunt, but revealed no congestive heart failure.
On day 2 after birth, she was placed on a high frequency
ventilation with improvements in her arterial blood gas analysis
(ABGA). Thus, mechanical ventilator setting was changed to
a synchronized intermittent mandatory ventilation mode.
Surgery was scheduled on day 3 after birth. The patient arrived
in the operating room without premedication. ECG, non-
invasive blood pressure and oxygen saturation were monitored
throughout. Anesthesia was induced with intravenous fentanyl
(2 pg/kg) and vecuronium (0.1 mg/kg) and maintained with 0.5
vol% isoflurane, a 30% oxygen/air mixture, and a continuous
infusion of fentanyl (2 pg/kg/hr). A 4-French central venous
catheter (Arrow International, Inc, Pennsylvania, USA) was
inserted into the left internal jugular vein to monitor central
venous pressure and fluid replacement, and a 20-gauge
peripheral intravenous line was inserted into the left antecubital
area. A 24-gauge arterial catheter was inserted into the right
brachial artery for continuous monitoring of arterial blood
pressure and frequent ABGA. Since an intra-abdominal tumor
would make ventilation difficult, surgeon performed an abdo-
minal incision and decompression. Ventilator was set to a
pressure control mode with peak inspiratory pressure of 25
mmHg, tidal volume of 30 ml and respiratory rate of 30 breaths/
min. The patient was placed in the prone position for excision
of sacrococcygeal mass. Temperature maintained at 35.5—

Table 1. Arterial Blood Gas Analysis in Case 1
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37.0°C using a force warming device and an intravenous fluid
warmer. Bleeding continued during surgery, with hemoglobin
concentration declining to 6.1 g/dl and hematocrit to 18%,
requiring aggressive transfusion with packed red blood cells
(pRBCs). The pRBCs, fresh-frozen plasma (FFP) and platelet
concentrates (PC) were transfused throughout the procedure.
About 2 hours later, adequate ventilation was maintained. An
arterial partial pressure of oxygen was 118 mmHg and oxygen
saturation was 100% on 30% mixed with medical air. Following
the dissection of the posterior aspect of tumor, which was 2
hours and 40 minutes after induction, the patient was placed in
the supine position for manipulation of the abdominal mass.
During resection of the abdominal mass, respiratory ventilation
was difficult because the tumor pressed onto the chest. Peak
inspiratory pressure was increased to 35 mmHg, and tidal
volume was reduced to 15 ml. Therefore, we frequently had to
ventilate manually. Also, ABGA showed hypoxemia, hypercarbia
and respiratory acidosis (Table 1). After repeating this process
for about 20 minutes, there was a sudden hypotension and
ventricular fibrillation on ECG followed by extreme bradycardia
and asystole. At the time of the cardiac arrest, body temperature
was 37.0°C. Resuscitation was successfully performed with
external cardiac massage, repeated injections of epinephrine
10 pg, and continuous infusion of dopamine (5 pg/kg/min).
During resuscitation, ABGA showed severe hyperkalemia with a
value of 11.6 mmol/L (Table 1), which was managed by repeated
injections of calcium gluconate 30 mg and sodium bicarbonate
3 mEqL and continuous infusion with regular insulin (0.4 u/
hr). The total duration of cardiac arrest was 30 minutes. Mean
arterial pressure was maintained at 40—50 mmHg during
resuscitation. Following resuscitation, the surgeons decided
to proceed with the operation. The patient’s potassium level
decreased to 8.7 mmol/L, but remained high (Table 1). The total
operation time was 5 hours, during which the patient received a
total of 230 ml normal saline, 580 ml pRBCs, 240 ml FFP, and 40
ml PC. Urine output gradually decreased during surgery, with a
total urine output of 25 ml.

. . 20 min before Postoperative ~ Postoperative
Preoperative Induction Arrest Emergence
arrest 1 hours 2 hours
pH 7.30 7.35 7.15 6.86 7.44 7.31 <6.8
PaCo, (mmHg) 49 39 57 71 28 23 70
Pa0, (mmHg) 122 118 73 148 489 142 35
Na* (mmol/L) 130 142 140 139 143 143 144
K" (mmol/L) 3.9 3.7 4.8 11.6 8.7 10.6 8.5
Ca®** (mmol/L) 1.21 1.30 1.34 0.33 1.82 1.37 0.95
Hct (%) 33 33 30 27 18 17 >15
Glucose (mg/ dl) 75 77 184 184 406 228 117
Lactate (mmol/L) 0.8 1.6 1.9 10.3 >15 8.6 >15

Na*: ionized sodium, K': ionized potassium, Ca**: ionized calcium, Hct: hematocrit.
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The patient was transferred to the neonatal intensive care unit
(NICU) in relatively stable condition, except for poor urination.
In the NICU, however, intra-abdominal bleeding continued
because of disseminated intravascular coagulation, and the
patient required pRBCs, FFP and PC. Despite regular infusions
of insulin, she showed persistent hyperkalemia (Table 1)
accompanied by oliguria, suggesting a congenital urinary tract
anomaly such as urethral malformation or obstruction. The
patient’s heart rate and blood pressure gradually decreased,
leading to cardiovascular collapse. Despite prolonged cardiac
massage for about 2 hours, the patient died. A pathological
examination confirmed the diagnosis of SCT, with a malignant
mixed germ cell tumor.

Case 2

A large mass, measuring about 15 x 13 x 10 cm, was detected
by ultrasound in the fetus of a 30-year-old primagravida at
26 weeks and 3 days of gestation. Radiofrequency ablation
was performed in utero at 31 weeks and 1 day of gestation,

Fig. 1. Large SCT resected from a premature infant (Case 2) born
at 35 weeks and 5 days of gestation. Ulceration and bleeding were
observed on the surface of the SCT.

Table 2. Arterial Blood Gas Analysis in Case 2
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but the size of the tumor was not markedly reduced. Prenatal
ultrasound showed no evidence of hydrops fetalis or other
anomalies. Because of the premature rupture of membranes,
the mother underwent an emergency cesarean section at 35
weeks and 5 days of gestation. The baby weighed 3.7 kg, with 1
and 5 minutes Apgar scores of 6 and 9, respectively. Ulceration
and bleeding were seen on the surface of the SCT (Fig. 1), but
hyperkalemia did not developed.

Preoperative laboratory results, ECG, chest x-ray and
echocardiogram were normal. Surgery was scheduled on day
3 after birth. In the operating room, the patient was monitored
by ECG, non-invasive blood pressure and oxygen saturation.
Anesthesia was induced with 2 pg/kg fentanyl and muscle
relaxation was achieved with 0.1 mg/kg vecuronium. General
anesthesia was maintained with sevoflurane at 0.5 vol% and a
continuous infusion of fentanyl (2 pg/kg/hr). A 5-French central
venous catheter (Arrow International, Inc, Pennsylvania, USA)
was inserted into the right internal jugular vein to monitor
central venous pressure and administer fluid, and a 22
gauge peripheral intravenous line was inserted into the right
antecubital area. A 24 gauge arterial catheter was inserted into
the right brachial artery for continuous arterial blood pressure
monitoring and frequent ABGA. The patient was then placed
in the prone position for the procedure, because the mass was
located in the sacrococcygeal area. After positioning, ABGA
showed normal values (Table 2), which confirmed adequate
ventilation. Temperature was maintained at 35.5—36.5°C using
a force warming device and an intravenous fluid warmer.
During operation, bleeding continued, with hemoglobin levels
dropping to 5.4 g/dl and hematocrit to 16%, requiring aggressive
transfusion of pRBCs. The pRBCs, FFP, PC and cryoprecipitate
were transfused throughout the procedure. Two hours after
skin incision, the patient’s heart rate dropped from 140 bpm
to below 80 bpm and blood pressure suddenly dropped from
58/37 mmHg to 28/15 mmHg. At the time of the circulatory
collapse with marked bradycardia, body temperature was
36.1°C. Resuscitation was successfully performed with external
cardiac massage and repeated injections of epinephrine 10 pg

Preoperative Induction 20 min before arrest Arrest Emergence
pH 7.33 7.32 7.21 6.87 7.12
PaCO, (mmHg) 34 41 44 65 68
PaO, (mmHg) 98 90 104 108 188
Na' (mmol/L) 135 138 136 140 148
K" (mmol/L) 44 3.5 43 4.7 2.5
Ca”" (mmol/L) 1.30 1.36 1.17 0.29 0.79
Het (%) 39 35 26 17 29
Glucose (mg/dl) 171 95 235 454 232
Lactate (mmol/L) 2.4 1.9 2.4 8.8 7.0
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and atropine 20 pg. During resuscitation, ABGA showed severe
metabolic and respiratory acidosis and hypocalcemia, but
potassium concentration was within normal limits (Table 2).
The duration of cardiac massage was about 1 min, after which
the surgeons decided to proceed with the surgery. The total
duration of the operation was 5 hours, during which the patient
received a total of 100 ml normal saline, 40 ml lactated Ringer’s
solution, 660 ml pRBCs, 120 ml FFP, 240 ml PC and 40 ml
cryoprecipitate. Total urine output was 34 ml. The patient was
transferred to the NICU in a stable condition. She was extubated
on postoperative day 6 and discharged home in good condition
on postoperative day 17. A pathological examination confirmed
the diagnosis of SCT, consisting of an immature teratoma
without malignant cells.

Discussion

A large vascular SCT carries a high risk of prenatal compli-
cations, including high-output cardiac failure and fetal hydrops
caused by arteriovenous shunting through the tumor. Therefore
preterm neonates with large SCTs are at very high risk of death
[1]. Although the mortality rate for newborns with SCT is at
most 5%, the mortality rate for fetal SCT exceeds 50%, and fetal
SCT associated with non-immune hydrops is uniformly fatal
[3]. Predictors of poor outcome include diagnosis before 20
weeks gestation, delivery before 30 weeks, low birth weight,
Apgar score less than 7, malignant histotypes, polyhydramnios,
placentomegaly and development of hydrops [2].

Treatment for SCTs consists of surgical removal of the sacral
mass [4]. Surgical resection should be performed immediately
after birth as coagulopathy appears to worsen with time [6]. The
etiology of the coagulopathy associated with SCTs is unclear,
but appears to be multifactorial, including prenatal diagnosis,
polyhydroamniosis, large sized (> 10 cm) tumor, prematurity
and hydrops fetalis [7]. Surgical removal of a SCT is a high risk
procedure and requires careful anesthetic management [4].

During the operation, respiratory ventilation is difficult
because of the tumor pressing onto the chest, and that may be
worsen by prone position. Abraham et al. [2] has been reported
that the manual ventilation and lifting the tumor by surgeon
can help with the ventilation. And it is very difficult to main-
tain body temperature because of the large surface area of
the SCT compared to the patient. Hypothermia could worsen
coagulopathy, and prolong the effect of the anesthetics [2]. In
order to maintain body temperature, thermoneutral incubator,
force warming device, and intravenous fluid warmer should be
used.

Most clinical reviews of SCT have reported that the cause of
death is cardiac arrest due to electrolyte imbalances, especially
hyperkalemia [8]. Hyperkalemia, which may have been asso-
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ciated with manipulation of the tumor during resection, espe-
cially manipulating the tumor for intra-abdominal resection,
and massive transfusion of pRBCs containing high levels
of potassium [4]. In addition, metabolic and respiratory
acidosis, hypocalcemia, hypothermia and oliguria may
worsen hyperkalemia [9]. Hypoxemia and hypovolemia also
contributed to cardiac arrest [4].

Concerning case 1, as respiratory ventilation was expected to
be difficult, the surgeon performed abdominal decompression
immediately after induction. Hence, adequate ventilation was
maintained during resection of sacral mass. However, during
manipulation of intra-abdominal mass, respiratory ventilation
was difficult because of the tumor pressing onto the chest.
Therefore, we frequently had to ventilate manually and had
the tumor lifted by surgeon, but acidosis had continued to
get worse. In addition, severe hyperkalemia, which may have
been released from necrotic foci on the tumor, had caused
cardiac arrest. In particular, severe acidosis caused by difficult
ventilation and massive transfusion of pRBCs containing high
levels of potassium would have worsen hyperkalemia. While
in case 2, circulatory collapse without hyperkalemia suddenly
occurred, which is probably thought to be due to persistent
bleeding.

However, even though both of our patients showed hemo-
dynamic instability, the occurrence of massive hemorrhage
was not recognized. Moreover, the amount of bleeding was
not correlated with emergency laboratory results. Mortality
secondary to blood loss, either into the tumor or during surgery,
has also been reported in neonates with SCT. For example,
post-surgical deaths due to bleeding were reported in 9 of 247
patients [10] and in 4 of 41 neonates with SCT [11]. Especially,
the occurrence of intra-tumoral hemorrhage may mask
bleeding, so frequent laboratory tests should be prepared for
massive bleeding.

SCTs are now often prenatally diagnosed by ultrasound.
Treatments in utero include cyst aspiration, open fetal surgery,
radiofrequency ablation, and thermocoagulation, with
variable success, but there have been no large case series [12].
Preoperative radiologic embolization can effectively reduce
blood loss during surgery and enable faster and safer resection
of the tumor [1]. Therefore, preoperative embolization should
be considered essential in preventing complications.

Our findings indicate the importance of careful anesthetic
management during resection of SCTs, since this operation
takes high risk, especially in neonates. In particular, hyper-
kalemia, associated with tumor lysis syndrome and massive
transfusion, can lead to cardiac arrest [8]. A surgical mani-
pulation of very advanced solid tumors can increase the pro-
bability of tumor lysis [4]. Consequently, if there are multiple
necrotic foci on the tumor, surgeon should carefully manipulate

= Kja



Excision of sacrococcygeal teratoma

the tumor to minimize tumor lysis. In addition, during resection
of SCTs, unrecognized intratumoral bleeding often occurs and
requires massive transfusion. Therefore, we should be vigilant
monitoring and frequent laboratory tests, especially potassium
and hemoglobin, before and during surgery are necessary.

In conclusion, during resection of huge SCTs, which contain
multiple necrotic foci, in neonates, anesthesiologist should be
aware of possibility of difficult ventilation and hyperkalemia.
Also, preoperative embolization should be performed for the
prevention of complications.
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