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Profound Hypoxemia during Major Abdominal Surgery in a
Small Infant with Tetralogy of Fallot

Teresa Kit-Man Wong, MD; Shu-Yam Wong, MD; Shih-Chang Tsai, MD;
Yi-Chuan Kau, MD; Jin-Yao Lai*, MD

We report a protracted hypoxic event during Soave's endorectal pull-through for
Hirschsprung's disease in a 2-month-old male infant with tetralogy of Fallot. After the
bowel loops were delivered out of the abdominal cavity, profound hypoxemia occurred
which persisted for about 120 min. The hypoxemia was completely resolved after the intes-
tine was reduced back into the peritoneal cavity. The immediate cause was postulated to
have been decreased systemic vascular resistance. Associated factors included hypothermia
and acidosis leading to high pulmonary vascular resistance which further aggravated the
right-to-left blood-shunting situation in this patient. Postoperative follow-up showed no neu-
rological complications. Small infants with complex heart disease should be carefully evalu-
ated before major abdominal surgery. (Chang Gung Med J 2005; 28:498-502)
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Tetralogy of Fallot (TOF), the most-common
cyanotic congenital heart disease, consists of a
ventricular septal defect, right ventricular outflow
tract obstruction, an overriding aorta, and right ven-
tricular hypertrophy. Tetralogy of Fallot presents in
various patterns from a pink TOF to a very compli-
cated one.® The severity of pulmonary outflow tract
obstruction, which increases with tachycardia and an
inotropic state, and decreased systemic vascular
resistance (SVR), plays a major role in the degree of
shunting. Transient hypercyanotic spells are not rare
during anesthesia in patients with TOF and usually
are reversible without serious complications.®
However, prolonged life-threatening hypoxemia dur-
ing major abdominal surgery or a warning of such a
crisis has not been presented in the medical litera-
ture. We report an unusual experience of a protracted
hypoxic event during major abdominal surgery in a
2-month-old infant with TOF. The possible mecha-

nisms and its management are discussed.
CASE REPORT

A male baby, born at 39 weeks of gestational
age with a birth body weight of 3050 g, was admitted
at 4 days old for progressive abdominal distention
and vomiting. An emergent loop ileostomy and mul-
tiple biopsies of the rectum and colon proved a diag-
nosis of long-segment Hirschsprung's disease. The
anesthesia course was smooth with no record of
hypoxemia. Thisinfant was found to have TOF by 2-
dimensional echocardiography soon after birth. The
pulmonary artery was hypoplastic. The postoperative
course was smooth with no sequelae. Elective
Soave’s endorectal pull-through procedure was
scheduled for Hirschsprung's disease at 2 months of
age.

According to his parents' description, this male
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infant had mild cyanosis with irritability and crying,
but no definite blue spell episode was recognized. At
the preanesthetic examination, he looked weak but
not cyanotic. There was no need for oxygen therapy
or [3-blockers. Preoperative laboratory findings were
within normal limits; hemoglobin was 12.1 gm/dl
and hematocrit was 33.6%. The chest X-ray showed
increased perihilar infiltration on both sides, widen-
ing of the upper mediastinum, and mild car-
diomegaly.

In the operating room, the first recorded periph-
eral oxygen saturation (SpOz) of this baby breathing
spontaneously with room air was 86%. The baseline
blood pressure was 64/36 mmHg and heart rate was
144 beats/min. General anesthesia was induced using
sevoflurane with oxygen by facemask. Rocuronium
bromide (0.6 mg/kg) was used to facilitate the tra-
cheal intubation. After successful induction, a central
venous line was set up via the right internal jugular
vein and an indwelling intra-arterial catheter was
established at the left radial artery with a 24-gauge
catheter for continuous monitoring of the hemody-
namic status and blood sampling. Anesthesia was
maintained with sevoflurane as the main anesthetic
regimen and rocuronium bromide as the paralytic
agent.

The patient’s condition remained stable until the
surgeon pulled out all of the intestinal loops, at
which point the oxygen saturation shown on pulse
oximetry (SpO:z) abruptly decreased, and the arteria
blood pressure aso gradually decreased. Under the
suspicion of inadequate circulating blood volume,
increased-speed fluid resuscitation and a dopamine
drip were given. In spite of these interventions, the
patient’s condition did not improve. Further deterio-
ration of the SpO: was noted and dropped to only
23%. The intestine showed poor perfusion and the
heart rate rose to 180 beats/min. Intravenous esmolol
(with a loading dose of 500 pg/kg and then a 50
pg/kg/min continuous infusion) was begun. Another
4 bolus doses of esmolol were given to control the
tachycardia and to decrease the infundibular spasms.
The inhalation anesthetic was discontinued and a
large dose of morphine sulfate was given to blunt the
hemodynamic response and to decrease the pul-
monary vascular resistance (PVR). Blood gas analyt-
ical data showed metabolic acidosis, which was cor-
rected by sodium bicarbonate. Concomitant
hypothermia (35.5°C at the nasopharynx) was detect-
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ed, and an overhead infrared radiation warmer was
applied. With all these efforts the SpO: rose to
50%~60%, the systolic blood pressure was around
60 mmHg, and the heart rate was maintained below
140 beats/min. This hypoxic condition had now per-
sisted for about 120 min.

As soon as the intestine was reduced back into
the abdominal cavity and the fascia was being
closed, the SpO: climbed up to 95% and remained
there throughout the rest of the surgery. No further
desaturation episodes took place. The vital sign para-
meters were stable. The operation lasted for 180 min,
and the baby was sent to the pediatric intensive care
unit for further care.

Postoperatively, the vital signs were quite stable
and the oxygen saturation was kept at 80%~85%
under afraction of inspiratory oxygen (FiO2) of 30%,
and was able to achieve 85%~90% with an FiO: of
100%. Intermittent desaturation episodes were found
and were improved by positive ventilation using an
Ambu bag with an increased oxygen flow rate. He
was gradually weaned off ventilator support, and
esmolol infusions after approximately 24 and 48 h,
respectively. The infusion rate of the esmolol was
gradually tapered down and shifted to oral propra-
nolol when he could tolerate oral feeding. He was
successfully extubated 24 h after the end of surgery
and made a full recovery with no sequelae. He toler-
ated regular oral feeding 4 days after surgery and
was transferred to the ward for regular postoperative
care 7 days after the event. He was discharged home
on the tenth postoperative day. He was kept on ora
propranolol treatment at home.

For the postoperative neurological evaluation, a
brain sonographic examination was done via the
anterior fontanel on the sixth day after surgery, and
data showed no definite pathology except for some
brain swelling. A subsequent examination of the
baby disclosed a good response to stimulus for his
age, and he was able to actively move about. No neu-
rological damage was found. At a follow-up 2 weeks
after the hypoxic crisis episode, this baby was in an
acceptable condition with no neurological sequelae.

DISCUSSION
Although the clinical safety of anesthesia has

dramatically improved in recent years, small infants
with complex cyanotic heart disease undergoing



major non-cardiac surgery are still a challenge for
most anesthesiologists. Morray et al. from the
Pediatric Perioperative Cardiac Arrest Registry
report showed that patients younger than 1-year-old
with congenital heart disease have the highest pre-
dicted rate of cardiac arrest during surgery.®

The basic pathophysiology of TOF is related to
the degree of right ventricular outflow tract obstruc-
tion.® In the anesthetic management of patients with
TOF, a preoperative assessment should pay particular
attention to any obstruction of the right ventricular
outlet. The importance of a careful review of the car-
diac catheterization data and complete understanding
of its potential impact on the operative and anesthetic
plan are essential. The main anesthetic consideration
is to maintain the PVR/SVR ratio within a normal
range to prevent aggravation of right-to-left shunt-
ing. Any situation that might decrease the SVR
should immediately be corrected. Intraoperative
hemodynamic goals include stabilizing the heart rate,
increasing the contractility, increasing the preload,
decreasing the PVR, and maintaining a normal SVR
to achieve optimal perfusion and oxygenation.®
Successful resuscitation by compression of the
abdominal aorta from near-fetal hypercyanotic
episodes has been reported.®® During open-chest
operations, surgeons may briefly clamp the thoracic
aorta to reverse hypoxic spells.?

In our casg, it is reasonable to assume that the
hypoxic event was likely attributable to the sudden
decrease in the SVR &fter the intestinal loops were
pulled out of the abdominal cavity. This supposition
was supported by the dramatic improvement in the
oxygen saturation after the intestine was reduced
back into the abdomen. The increased heart rate dur-
ing the surgery induced poor right heart filling and
further deteriorated the cardiac output. Hypoxemia,
hypothermia, and metabolic acidosis were all con-
tributing factors for the increased PVR and the exac-
erbating ventricular infundibular spasms. In brief, 5
mechanisms might have affected the arterial hypox-
emiain this patient: (1) decreased SVR, (2) increased
PVR, (3) right ventricular infundibular spasms, (4)
increased right-to-left shunting, and (5) hypov-
olemia.

A potent inhalation agent was chosen for this
patient as the principal anesthetic agent for it allowed
early postoperative extubation and avoided a pro-
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longed period of intensive care. After the hypoxic
event, the anesthetic agent was shifted to morphine
because morphine lowers the PVR. Most inhalation
agents have a vasodilating effect and will decrease
the SVR. The high-dose opioid technique remains
popular for pediatric cardiac surgery. Respiratory
depression and excessive sedation in the postopera-
tive period may be a problem if opioids are given in
high doses to infants, but that argument is not applic-
able if the newer opioids such as alfentanil and
remifentanil are used, because of their much-shorter
half-lives.©9

Based on the above findings, the profound
hypoxic event might have been avoided by a prophy-
lactic increase in the SVR such as with a restrictive
bandage on the lower limbs, movement to
Trendelenburg's position, appropriate intraperitonea
compression to maintain appropriate abdominal pres-
sure, and use of arationa pharmacological approach
to optimize the heart rate.*® On the other hand, pal-
liative procedures for TOF, such as systemic-to-pul-
monary arterial shunts, percutaneous pulmonary
valvuloplasty,™ or even complete corrective surgery
may be considered before major bowel surgery.

Fortunately, the patient developed no neurologi-
cal impairments clinically. A prolonged severe
hypercyanatic crisis can provoke catastrophic out-
comes secondary to tissue hypoxia such as
encephal opathy, myocardial dysfunction, and renal
damage.®? Patients with cyanotic congenital heart
disease may possibly have a higher tolerance for
hypoxic stress and this may explain the better out-
come in this young infant.®®

In conclusion, the hard-learned experience in
this case stresses the possibility of serious conse-
guences during major abdominal surgery in a small
infant with complex congenial heart disease. In cur-
rent medical care, increasing numbers of major non-
cardiac surgeries are being performed on small
infants with high anesthetic risks such as extreme
prematurity, complex heart disease, or other congeni-
tal anomalies. The attending anesthesiologist should
have good strategies to cope with these challenges.
The decision-making for surgery in high-risk infants
should be individualized, and anesthetic management
must depend on the patient’s clinical presentation
and surgical variables.

Chang Gung Med JVol. 28 No. 7
July 2005



501

Teresa Kit-Man Wong, et al
Hypoxemia and tetralogy of Fallot

REFERENCES

. Simbi KA, Tdenti E, Demi M, Zanardo V. Tetralogy of

Fallot with absent pulmonary valve: a case complicated
by bilateral relapsing pneumothorax. Paediatr Anaesth
2002;12:76-9.

. Gredley WJ, Galli KK. Cardiac surgery: anesthetic con-

siderations and postoperative management. In:
Bissonnette B, Dalens BJ, eds. Pediatric Anesthesia,
Principles & Practice. New York: McGraw-Hill
2002:1164-85.

. Morray JP, Geiduschek JM, Ramamoorthy C, Haberkern

CM, Hackel A, Caplan RA, Domino KB, Posner K,
Cheney FW. Anesthesia-related cardiac arrest in children:
initial findings of the Pediatric Perioperative Cardiac
Arrest (POCA) Registry. Anesthesiology 2000;93:6-14.

. Graham T, Merrill W, Wood M. Tetralogy of Fallot. In:

Kambam J, ed. Cardiac Anesthesia for Infants and
Children. St. Louis: Mosby--Year Book 1994:218-28.

. Bagle PL, Rennotte ME, Veyckemans FA. External com-

pression of the abdominal aorta reversing tetralogy of
Fallot cyanotic crisis. Anesthesiology 1991;75:146-9.

. van Roekens CN, Zuckerberg A. Emergency management

of hypercyanotic crisis in tetralogy of Fallot. Ann Emerg
Med 1995;25:256-8.

Chang Gung Med JVol. 28 No. 7
July 2005

10.

11

12.

13.

. Nolan SP, Kron IL, Rheuban K. Simple method for treat-

ment of intraoperative hypoxic episodes in patients with
tetralogy of Fallot. J Thorac Cardiovasc Surg
1983;85:796-7.

. Duncan HP, Cloote A, Weir PM, Jenkins |, Murphy PJ,

Pawade AK, Rogers CA, Wolf AR. Reducing stress
responses in the pre-bypass phase of open heart surgery in
infants and young children: a comparison of different fen-
tanyl doses. Br J Anaesth 2000;84:556-4.

. Wee LH, Moriarty A, Cranston A, Bagshaw O.

Remifentanil infusion for major abdominal surgery in
small infants. Paediatr Anaesth 1999;9:415-8.

Nussbaum J, Zane EA, Thys DM. Esmolol for the treat-
ment of hypercyanotic spells in infants with tetralogy of
Fallot. J Cardiothorac Anesth 1989;3:200-2.

Sluysmans T, Neven B, Rubay J, Lintermans J, Ovaert C,
Mucumbitsi J, Shango P, Stijns M, Vliers A. Early bal-
loon dilatation of the pulmonary valve in infants with
tetralogy of Fallot. Risks and benefits. Circulation
1995;91:1506-11.

Braunlin EA. Complications in chronic cyanotic heart dis-
ease. In: Moller JH, Hoffman JE, eds. Pediatric
Cardiovascular Medicine. New York: Churchill
Livingstone 2000:939-41.

Baum VC, Palmisano BW. The immature heart and anes-
thesia. Anesthesiology 1997;87:1529-48.



502

— 378 EC DY 'R S8 G I KN3B3 A i o 1 SA B AT RS 1 B
FHEL wH Ry ZEH BHa

ME—RBEA K~ BAXERE FIEERECHBILST 0 B E KL NE L pull
through 4k 2 4 i & o fpafe B THRWER o FATEITEMAE AR AR EBRA R LR E
fo B de BT ~ Hrdf 49 120 5452 & o BR A A M S ENE 5 T AT & o B AR
B A8 ST A8 B R RAE oM ER R AR MR K 0 B EIR PR R BAK 0 v ERIBAK - R ek F R
EoBHREREE LBRIAGIFREET  AmB AR Eh 8M0RE T EEY o #kmA LN
AV IR BB @ R o BRA B E KRB OB R R A 0 AT RAZ JOH Z M 38 F 4T
HERTIE T AL R4k o (JRPEREE 2005,28:498-502)

RO - ASRwEE » BREHA - I FHT o

REfC B GItbim mAERE - VSR
ZCHE - RIFMO3FSH25H + fi52 Pk - RII93H:7 FA8H

RIHEN AR « W3 80N REHS BT WYEERl - PRENR333 48 | LIARIE B TR - Tel.: (03) 3281200 ¥ 8154; Fax:
(03) 3281200 i 8140; E-mail: kmwong@cgmh.org.tw



