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muscular origin and should be considered early in the
course of GBS when other modalities are not effective.
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Beneficial Effect of Delivery in a Patient with Adult Respiratory Distress Syndrome

WILLIAM H. DAILY, M.D.,* ALLAN R. KATZ, M.D.,j ALAN TONNESEN, M.D., STEVEN J. ALLEN, M.D.§

The management of adult respiratory distress syn-
drome (ARDS) often requires support of respiratory and
cardiovascular function and is particularly difficult in
pregnant patients. ARDS has been reported to occur in
pregnancy secondary to many different etiologies.'”'®
However, there is limited information in these studies
concerning the effect of delivery on gas exchange in
ARDS. We report a patient in her third trimester who
developed ARDS requiring mechanical ventilation and
PEEP. Following delivery her pulmonary status improved
markedly.

CASE REPORT

A 49-kg, 160-cm, 19-yr-old woman G1PO was hospitalized with a
complaint of a 2-day history of abdominal pain. Her 31-week pregnancy
had been uneventful except for hyperemesis in the first trimester. She
denied any previous medical problems. Her vital signs were temperature
38.5° C, blood pressure 93 /41 mmHg, pulse 102 beats/min, and re-
spiratory rate 16 breaths/min. Physical examination revealed an en-
larged uterus consistent with 31-week gestation and right lower quad-
rant tenderness. Uterine contractions were occurring every 2-5 min.
Laboratory studies included 19,900 leukocyte/mm* with 64 poly-
morphonuclear cells, 32 bands, and 4 lymphocytes. Urinalysis was nor-
mal. A magnesium sulfate infusion was begun to treat preterm labor
at 3:40 A.M. of her first hospital day. No sympathomimctic drugs were
administered.

At 5 A.M. on the first hospital day, the patient was taken to the
operating room with a diagnosis of acute appendicitis. A spinal anes-
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thetic was performed at the L3-4 interspace with the patient in the
left lateral decubitus position; 1.2 ml of bupivacaine 0.75% in 8.5%
dextrose with 0.2 ml of epinephrine 1:1,000 was administered. Ex-
ploratory laparotomy revealed an erythematous appendix and no other
abnormalities. Intraoperatively, the only additional drug the patient
received was 1.25 mg droperidol for nausea. She vomited during the
laparotomy but did not develop clinical signs of aspiration. She was
discharged from the peri-anesthetic care unit (PACU) to her room at
8:30 A.M. with a respiratory rate of 26 breaths/min. At 9:40 P.M. on
the second hospital day, 39 h after operation, she developed tachypnea
of 40-50 breaths/min. Arterial blood gases (ABG) while breathing
room air were pH 7.47, Paco, 33 mmHg, and Pag, 42 mmHg (table
1). Magnesium sulfate was discontinued and she was transferred to the
surgical intensive care unit (SICU). Upon admission to the SICU, ABG
while breathing 100% O via a nonrebreathing mask were pH 7.44,
Paco, 34 mmHg, and Pag, 83 mmHg. Continuous positive airway pres-
sure (CPAP) therapy vie a mask failed to improve her ventilatory status
sufficiently and her trachea was intubated at 4 A.M. on the third hospital
day, 46 h after operation. Total fluid intake from hospital admission
to intubation (50 h) was 6,010 ml and total output was 4,835 ml. Ven-
tilator settings included tidal volume of 600 ml with an intermittent
mandatory ventilation (IMV) rate of 10. Radial and pulmonary artery
catheters were inserted. Initial hemodynamic measurement included
pulmonary capillary wedge pressure (PCWP) of 15 mmHg and cardiac
index of 4.59 1 - min~' - m™2 (table 2). A chest x-ray revealed extensive
bilateral pulmonary edema. Fetal monitoring demonstrated a heart
rate of 140 beats/min, good variability, and occasional contractions.
PEEP was increased to 10 cmHO to decrease Fig, to 0.4. These ven-
tilator settings resulted in Pag, 60 mmHg, Sag, 92.4%, cardiac index
4.63 1-min~' - m™?, and Q,/Q, 28%. Five hours prior to delivery, she
received 50 mg of meperidine iv for analgesia. Spontaneous labor pro-
gressed to unassisted vaginal delivery at 8:36 p.M. on the third hospital
day, 62 h after operation. Peripartum arterial blood gas (table 1) and
hemodynamic data (table 2) demonstrated the impact of delivery on
the patient’s ARDS. The patient’s gas exchange was stable for several
hours prior to delivery. At the time of delivery arterial desaturation
was noted by pulse oximetry and Flg, was increased to 1.0. Blood gases
and hemodynamic data collected during delivery revealed a 47% in-
crease in oxygen consumption {V,l) but only a 17% increase in car-
diac index. Consequently, Svq, decreased to 54.1% and oxygen ex-
traction (Sao, — SVo,/Sa0,) increased to 0.37. Following delivery gas
exchange returned to predelivery levels within 2 h. The patient’s ven-
tilatory status improved sufficiently to allow tracheal extubation 18 h
postpartum. Maternal fluid intake from delivery to extubation was
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TABLE 1. Selected Arterial Blood Gases during the Peripartum Period
Hospital PEEP PaCO, PaO, 8520,
Day Time F10, (cmH,0) tH (mmHg) (mmHg) (%)
2 2212 0.21 — 7.47 33 42 —
3 0035 1.0 — 7.44 34 83 —
0620 0.55 5 7.43 38 67 91.6
0900 0.55 7.5 7.50 32 56 91.6
1017 0.65 10 7.39 42 139 97.5
1400 0.40 10 7.47 34 60 92.4
2023 0.40 10 7.41 39 71 93.7
Delivery 2036 1.0 10 7.45 34 51 86.1
2047 1.0 10 7.40 36 62 91.4
2150 0.40 10 7.40 38 66 —
2220 0.40 10 7.39 39 62 90.9
2330 0.40 10 7.40 39 80 97.0
4 0300 0.40 10 7.38 37 107 97.4
0615 0.40 5 7.59 22 135 97.4

2,596 ml and measured output was 1,046 ml. She was discharged from
the hospital 4 days later. Figure 1 shows intrapulmonary shunt and
oxygen consumption index during the peripartum period. The infant
weighed 1,500 g and at 1, 5, and 10 min had Apgar scores of 2, 7,
and 8, respectively. Umbilical cord gases were as follows: arterial pH
7.24, Paco, 59 mmHg, Pag, 15 mmHg and venous pH 7.25, PVco, 55
mmHg, and Pvo, 16 mmHg. The baby initially required tracheal in-
tubation for poor inspiratory effort, which improved sufficiently to
permit extubation of the trachea on the same day.

Di1SCUSSION

ARDS is defined as a group of findings that include
refractory hypoxemia, diffuse infiltrates on chest x-ray,
PCWP < 20 mmHg, and no other obvious cause for these
changes. Our patient met these criteria upon admission
to the SICU. However, the etiology of ARDS in our pa-
tient was not clear. Because the patient vomited during
the operation, aspiration is a possibility but not likely.
Our patient was alert when vomiting occurred and there
was no coughing. Pulse oximetry in the operating room
and the PACU did not reveal hypoxemia. Furthermore,

her respiratory distress was not noted until a day and a
half later. Infection'®'® and the administration of mag-
nesium sulfate? for tocolysis have both been associated
with the development of pulmonary edema and ARDS in
pregnant patients. Hatjis and Swain reviewed the charts
of 527 patients receiving tocolysis (ritodrine or magnesium
sulfate) and found that 52 had evidence of infection.®
The incidence of pulmonary edema was 21% in the group
with infection compared with only 1% in the rest of the
patients.'® Thus, there is an association between the de-
velopment of pulmonary edema and maternal infection
in patients receiving treatment for preterm labor. Both
of these factors, infection and administration of magne-
sium sulfate, were present in our patient, placing her at
high risk for the development of pulmonary edema. Our
patient had evidence of systemic infection (fever and leu-
kocytosis with a left shift). However, neither laparotomy
nor cultures of blood, sputum, or peritoneal fluid revealed
a source of infection.

Although rarely addressed in the literature, a key
question in the care of the critically ill pregnant patient

TABLE 2. Hemodynamics during Peripartum Period

Hospital MAP PA-M PCWP Ccvp Cl SvO, Q./Q VOl

Day Time {(mmHg) (mmHg) (mmHg) {(mmHg) (1 min~'-m™¥) (%) (%) (ml Og-min~!-mY) O:ER
3 0900 88 22 15 12 4.59 72.0 28 142 0.25
1400 73 23 15 16 4.63 65.9 28 155 0.29

2023 88 26 20 18 4.86 67.3 26 156 0.29

Delivery 2036 107 22 30 15 5.39 54.1 47 209 0.37
2047 86 19 15 12 4.51 65.6 46 147 0.28

2220 86 24 13 8 3.68 60.3 26 146 0.34

2330 88 28 25 9 4.09 70.2 21 127 0.28

4 0300 90 33 23 12 7.83 83 8 175 0.16
0615 95 33 25 10 4.99 82.2 13 125 0.17

MAP = mean arterial pressure; PA-M = mean pulmonary artery
pressure; PCWP = pulmonary capillary wedge pressure; CVP = central
venous pressure; Cl = cardiac index; Svo, = mixed venous oxygen

saturation; Q,/Q, = intrapulmonary shunt; \_/o,l = oxygen consump-

L. . . Sag, — Svo
tion index; O2ER = oxygen extraction ratio f
30,
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FIG. 1. Intrapulmonary shunt (Q,/Q,) and oxygen consumption in-
dex (Vo,l) during peripartum period. Vo, = CI X [(SaOg — SvOy)
X Hgb X 1.39].® Maximal shunt and oxygen consumption occurred
at partuition, which occurred at 2036 h on hospital day (HD) 3.

is whether termination of pregnancy might substantiaily
improve the mother’s condition. The hypoxemia in ARDS
is at least partly due to a decrease in functional residual
capacity (FRC) and an increase in the number of lung
units that are perfused but not ventilated.'” During the
third trimester of pregnancy, FRC is reduced an average
of 18%'® due to an equal and proportional decrease in
its two components; the expiratory reserve volume (ERV)
and the residual volume (RV).'® Thus, hypoxemia in our
patient may have been due to the combined decrease in
FRC due to both ARDS and pregnancy. Because FRC
increases postpartum,2° we believed that termination of
pregnancy would result in improvement of gas exchange
in our patient by reversing this component of her hypox-
emia.

One of our concerns with withdrawal of tocolytic ther-
apy was whether labor and delivery would increase oxygen
demand above our patient’s ability to compensate. In-
creases in oxygen needs should be met by increases in
cardiac output, a determinant of oxygen delivery. Failure
of oxygen delivery to increase sufficiently to meet oxygen
needs may result in decreased mixed venous oxygen sat-
uration (Svo,), increased oxygen extraction ratio (OgER),
and tissue hypoxemia. Pregnancy'® and ARDS are asso-
ciated with increased oxygen consumption. Labor and
delivery result in additional increases in oxygen con-
sumption; uterine contractions are associated with a 60%
increase.?! These increases in oxygen demand induced
by labor and delivery are normally met, at least partially,
by increases in cardiac output.?? Our patient increased
her oxygen consumption by 47% at delivery while her
cardiac output increased by only 17%. This relatively
greater increase in oxygen demand compared with oxygen
delivery resulted in a dramatic increase in the O2ER of
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48% at delivery and, along with her increased Q,/Q,,
contributed to her decreased Pag,.

The direction and magnitude of the hemodynamic
changes we observed during labor and delivery in our
patient were consistent with those reported in partuition
not complicated by ARDS.'#2!2 However, in the pres-
ence of pulmonary disease, these changes produced con-
siderable effects on Pag,.

Our data document the hemodynamic changes and the
increased oxygen demand of delivery as well as the ben-
eficial effect of emptying the uterus on pulmonary func-
tion in a patient with ARDS.

The authors wish to thank Karen Cusack, B.S.N., R.N., for her
technical assistance and Caroline Buggs-Warner for her secretarial as-
sistance.
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Intraoperative Diagnosis of Acute Subarachnoid Hemorrhage Using Continuous
Pressure Monitoring via a Lumbar Subarachnoid Catheter

ALBERT A. KALUSTIAN, D.O.,* RANDALL S. GLIDDEN, M.D.}

Lumbar cerebrospinal fluid (CSF) drainage is often
helpful in reducing intracranial volume during the sur-
gical management of intracranial aneurysms, thereby de-
creasing the need for brain retraction and improving sur-
gical exposure."? At our institution the surgeon often re-
quests that a catheter be inserted in the lumbar
subarachnoid space to withdraw CSF intraoperatively. It
is our routine practice to continuously monitor the lumbar
CSF pressure (LCSFP), usually a reflection of intracranial
pressure (ICP).?

We report a case of a patient about to undergo clipping
of a middle cerebral artery aneurysm, in whom aneurys-
mal rupture occurred shortly after induction of general
anesthesia. The information provided by the lumbar
catheter led to a major change in the operative plan and
subsequent patient management.
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CASE REPORT

A 38-yr-old white woman was admitted to the hospital following a
subarachnoid hemorrhage (SAH). Ten days after admission she was
brought to the operating room for clipping of a middle cerebral artery
aneurysm, at which time her Hunt clinical grade was II1. Arterial and
intravenous (iv) catheters were inserted and general anesthesia was
induced with sufentanil, thiopental, esmolol, and lidocaine. Blood
pressure and heart rate remained essentially unchanged during in-
duction. General anesthesia and paralysis were maintained with sufen-
tanil, oxygen, 60% nitrous oxide, and pancuronium. The patient was
placed in the lateral decubitus position and a lumbar subarachnoid
catheter was inserted at the L4-5 interspace, using an epidural anes-
thesia set. The CSF was clear and flowed freely; however, care was
taken to avoid loss of more than 1-2 ml of CSF. The catheter was
attached to a pressure transducer, and the LCSFP was continuously
displayed by analog waveform and digital display. A waveform that
fluctuated with respirations was observed, and an initial pressure of
11 mmHg was measured. The patient was positioned supine and placed
in a Mayfield fixation apparatus without significant change in monitored
parameters. During preparation and prior to skin incision, a sudden
increase in the LCSFP from 10 to 150 mmHg was noted (fig. 1). This
was accompanied by a sudden increase in the arterial blood pressure
from 108/36 to 200/108 mmHg, and by an increase in heart rate
from 52 to 130 beats/min. The patient was immediately treated with
iv thiopental and esmolol, and 1% inspired isoflurane was added. The
LSCFP, blood pressure, and heart rate gradually decreased and re-
turned to baseline values within 30 min, at which time isoflurane was
discontinued. Arterial blood gases, serum electrolytes, and complete
blood count values were measured as normal following this event. Small
aspirates of CSF from the lumbar catheter were initially clear but be-
came blood-tinged within 5 min: cell count, 40,000 red blood cells
(RBC) and 7 white blood cells (WBC) per millimeter.® Based upon this
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