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would occur. We considered the possible application of
high frequency ventilation as a mean to manage this pa-
tient. This technique,® however, is best indicated in cases
of unilateral lung diseases.” When the lung disease is bi-
lateral, the maintenance of gas exchange requires mean
airway pressures comparable to those provided during
conventional ventilation, while leak flow may even in-
crease.'’

Indeed, the ideal ventilatory management of such a
case would be the one that could permit spontaneous
breathing at atmospheric pressure while maintaining sat-
isfactory blood gases. Spontaneous breathing, made pos-
sible in this patient by partial extracorporeal CO; removal,
prevented new pneumothoraces and stopped the air leak:
the required blood flow was in the range attainable by
small-bore percutaneous cannulae.

In conclusion we felt that in this particular patient par-
tial extracorporeal CO» approach was justified as one that
could reasonably offer the best risk/benefit ratio. A low-
flow CO, removal system was applied as the possible
solution to solve a specific ventilatory problem since con-
ventional mechanical ventilation appeared contraindi-
cated. Further investigation and development are re-
quired, as to allow a broader application of the principle
illustrated here.
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Caudal Anesthesia and Intravenous Sedation for Repair of Giant Bilateral
Inguinal Hernias in a Ventilator-Dependent Premature Infant
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Preterm infants who develop respiratory distress syn-
drome with respiratory failure require positive pressure
mechanical ventilation for survival, and may develop se-
vere barotrauma as a complication. Pulmonary interstitial
emphysema, pneumatoceles, and pneumothoraces occur
most often in infants who require high peak and mean

airway pressures as well as high inspired oxygen concen-
trations to achieve adequate gas exchange. The reported
incidence of barotrauma in these patients varies from 9-
40%, with the highest incidence occurring in infants under
1500 g.! When such patients present with an urgent
problem requiring operative intervention, their anesthetic
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management should be based on a technique that does
not aggravate their underlying lung disease. The authors
report here an experience with a 7-week-old preterm
(gestational age 32 weeks) infant with chronic respiratory
failure requiring mechanical ventilation of the lungs. This
infant suffered severe pulmonary interstitial emphysema
as a consequence of his original disease and its treatment,
and subsequently developed bilateral inguinal hernias.
The authors conducted the anesthetic for repair of the
hernias with regional anesthesia and iv sedation.

CASE REPORT

A preterm infant (gestational age 25 weeks, birth weight 840 g)
presented at a postnatal age of 7 weeks for urgent repair of giant
bilateral inguinal hernias. The neonatal course was complicated by
severe infant respiratory distress syndrome (IRDS) and pulmonary in-
terstitial emphysema. Although he was free of pneumothoraces at the
time of his preoperative evaluation, he had required insertion of 13
chest tubes over the 7 weeks of life.

Physical examination showed a 1400-g infant whose trachea was
orally intubated. He was in no apparent distress if left undisturbed,
but he became easily agitated when examined. Vital signs were heart
rate of 157 beats per min, blood pressure of 63/35 mmHg, and re-
spiratory rate of 52 breaths per minute. Breath sounds were diminished
bilateraily. Cardiac examination was normal. Abdominal examination
was remarkable for the presence of giant unreducible bilateral inguinal
hernias,

Respirations were being assisted with an infant pressure-cycled ven-
tilator set at 19/4 cm H,O (pressure), 36 breaths per min (rate), and
Fio, of 0.35. Arterialized capillary blood gases showed a pH of 7.42,
Pco, of 50 mmHg Pg, of 41 mmHg, and base excess of +7.2 meg/!.
His transcutaneous Po, varied from 38 mmHg when he was agitated
to 54 mmHg at rest. His transcutaneous Pco, varied from 88 mmHg
when he was agitated to 48 mmHg at rest. The chest radiograph showed
severe bilateral pulmonary interstitial emphysema.

Additional laboratory data including hemoglobin, electrolytes, and

FIG. 1. Patient’s preoperative chest radiograph demonstrating severe
bilateral pulmonary interstitial emphysema. The hyperaerated left lung
extends across the midline into the right chest. An endotracheal tube
is in place, as is an orogastric tube.
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FiG. 2. Giant nonreducible bilateral inguinal hernias
in this patient requiring urgent repair.

calcium were normal. Medications included aminophylline, furosemide,
and dexamethasone. The patient received fentanyl 3 pg and diazepam
0.5 mg every 4-6 h as needed for control of agitation.

Prior to transport from the neonatal intensive care unit, the patient
was sedated with 5 mg of ketamine and 0.2 mg of midazolam intra-
venously. During transport, respirations were assisted manually with
100% oxygen through a Jackson-Rees modification of the Ayre's T
piece connected to a manometer. Monitors consisted of an ECG and
precordial stethoscope.

In the operating room, assisted ventilation was resumed with the
infant pressure cycled ventilator using the preoperative settings. Mon-
itors included an ECG, precordial stethoscope, Dinamap® oscillometric
blood pressure monitor, and a pulse oximeter. The initial pulse ox-
imeter reading (Spo,) was 92% saturation.

A caudal block was performed with the patient in the right lateral
decubitus position. The presacral area was cleaned and draped in a
sterile fashion. A 20-G needle was used to perforate the skin, and a
24-G Angiocath® was advanced through the sacrococcygeal ligament
and threaded into the caudal canal. No blood or CSF was aspirated
from the catheter.

Because surgical repair of giant inguinal hernias entails extensive
peritoneal traction, a total dose of 1.5 ml 0.25% bupivacaine containing
epinephrine 5 ug/ml was used according to the formula of Takasaki
et al. to produce a block to the level of T, (0.056 ml X 1.4 kg X 19
spinal segments).? The total dose was administered over 2 min in in-
crements of 0.2-0.3 ml. As each incremental dose was given, the heart
rate was carefully monitored. There was minimal variation in the base-
line heart rate, suggesting that the injection was not intravascular. The
absence of resistance to injection also suggested proper catheter place-
ment. A length of microbore tubing was filled with the same local
anesthetic solution and connected to the caudal catheter. The catheter
was secured and the patient was positioned for surgery. To further
prevent agitation (and therefore hypoxemia) in response to peritoneal
traction, an additional 5 mg of ketamine was infused intravenously
prior to the incision.

The left hernia was repaired first and required 2 h for completion.
Surgical anesthesia was excellent with good relaxation and no bowel
extrusion. After the hernia sac was removed, the remaining defect had
to be closed with Dexon mesh. The patient exhibited some movement

just as the skin closure on the left side was completed. The caudal
catheter was carefully reinjected with 1.5 ml 0.25% bupivacaine con-
taining epinephrine 5 ug/ml. The total dose was again administered
in increments of 0.3 ml and there was minimal variation in the heart
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rate during reinjection. An additional 5 mg of iv ketamine and 0.2 mg
of iv midazolam were infused prior to the second incision. The right
herniorrhaphy took 1 h and proceeded uneventfully.

On termination of the procedure, the patient was transported to
the neonatal intensive care unit. Postoperatively his condition has been
stable without any deterioration in his respiratory status.

DISCUSSION

By using caudal anesthesia and iv sedation for this pa-
tient, we were able to continue ventilating his lungs in
the operating room exactly as had been the case in the
neonatal intensive care unit. We considered using sub-
arachnoid block with tetracaine containing epinephrine
as has been described by Abajian et al.> However, in this
age group, the maximum duration of surgical anesthesia
has been found to be only 2 h with this technique.® There
is no practical method of re-establishing the block once
it has worn off, and general anesthesia may be required
to complete the case.

There is a lack of data in the literature concerning
appropriate doses of local anesthetics for caudal block in
patients under 1500 g. Also, the issue of local anesthetic
toxicity has not been addressed in this group of patients.
Although we based the volume of our dose of local an-
esthetic on the formula of Takasaki et al.,? we recognize
that that study did not include any low birth weight pre-
mature infants. We suggest the need for further studies
of caudal anesthesia in this group of patients. We also
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stress the importance of slow incremental injections of
the total dose of local anesthetic and of the addition of
epinephrine 5 ug/ml to the solution to rule out accidental
intravascular injection.

In summary, with caudal anesthesia and iv sedation,
we avoided the use of halogenated agents with their at-
tendant cardiovascular depression and impairment of
spontaneous ventilation.* Avoiding halogenated agents,
high-dose opioids and muscle relaxants prevented the
need for controlled ventilation intraoperatively and al-
lowed rapid resumption of preoperative respiratory man-
agement in the postoperative period. No increases in me-
chanical ventilation were necessary and the patient was
therefore not put at increased risk for another pneumo-
thorax.
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