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tion might result in dislodgement of tracheal mem-
branes leading to airway obstruction. Furthermore, an
endotracheal tube could aggravate existing edema and
inflammation. Anesthesia vie mask should be consid-
ered for these patients when general anesthesia is neces-
sary. Regardless of the choice of airway management,
the availability of a skilled bronchoscopist for diagnosis
and therapy of airway obstruction is advised.

The authors wish to thank Drs. Bruce Carter and Barry Newman,
the pediatric ophthalmologist and surgeon, respectively, who were
involved with this case.
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Intraoperative Re-expansion Pulmonary Edema

DAwWN P. DEsIDERIO, M.D.,* MICHAEL MEISTER, M.D.,} ROBERT F. BEDFORD, M.D.%

Re-expansion pulmonary edema has been reported
following evacuation of hoth chronic pneumothorax'+®
and pleural effusion.® It is an uncommon, but poten-
tially life-threatening, condition which has not been de-
scribed in the perioperative period. We describe a case
of intraoperative pulmonary edema that occurred fol-
lowing rapid re-expansion of a lung that had been
chronically collapsed due to a malignant pleural effu-
sion.

CASE REPORT

A 60-yr-old, 88.5-kg, 1'77-cim man presented with a 6-month history
of dyspnea due to a large right pleural effusion caused by a previously
diagnosed pleural mesothelioma, The patient's past history was signifi-
cant for hypertension, a 40 pack-year history of smoking, and a 12-yr
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exposure to silica. The patient was taking no medications. Preopera-
tive pulmonary function studies revealed restrictive disease with a vital
capacity of 1640 ml (45% of predicted), and obstructive disease with a
1-s forced expiratory volume of 1310 ml. Ventilation-perfusion studies
revealed a matched defect in ventilation and perfusion involving the
entive right lung field both in the anterior and posterior views. Echo-
cardiography showed normal left and right heart chambers with no
evidence of pericardial effusion. Preoperative arterial blood gas analy-
sis demonstrated a respiratory alkalosis with a pHa of 7.50, Pagg, = 31
mmHg, and a Pag, = 79 mmHg. The patient received digitalis preop-
eratively and iv aminophyline.

Aflter breathing 100% oxygen, anesthesia was induced with thio-
pental, 250 mgiv, and fentanyl, 100 ug iv. Succinylcholine, 100 mg iv,
was given to facilitate endotracheal intubation, and anesthesia was
maintained with 1% isoflurane, 50% N.O in Oy, and incremental
doses of fentanyl, 50 pg IV, The patient was placed in the left lateral
decubitus position and, shortly after surgery began, 3,200 ml of
pleural effusion was rapidly removed through a right thoracotomy
incision. The patient underwent a right sub-total pleurectomy with
re-expansion of the right lung, implantation of 1'* needles, and a
partial pericardiectomy with marlex mesh reconstruction.

The patient's intraoperative course was stable initially, with the Pag,
ranging from 100-181 mmHg during controlled ventilation with a
F1o, of 0.5, The central venous pressure ranged between 10-12 cm
H,0, and the urine output was 90 ml per hour. Three hours after the
evacuation of the pleural effusion, and while the 1'# implants were
being placed, straw-colored, slightly hemorrhagic fluid was noted to be
exiting from the endotracheal tube. Despite frequent endotracheal
suctioning, the anesthetic circuit had to be changed four times over the
next 1-2 h due to the volume of fluid coming from the endotracheal
tube. Chemical analysis of the fluid revealed a protein value of 4.0
g/dl and an albumin. of 2.6 g/dl, values consistent with pulmonary
edema fluid. Pag, was 229 mmHg, while being ventilated with 100%
oxygen during this time.

Fiberoptic bronchoscopy was conducted while the patient wasin the
left lateral decubitus position. There was nosign of airway obstruction,
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but straw-colored fluid was noted to be exiting only from the right
main stem bronchus. Over the next 2-3 h (6 h after induction of
anesthesia), the pulmonary edema subsided and clinically disappeared.
The patient was brought to the recovery room breathing spontane-
ously with the endotracheal tube in place. A chest radiograph at that
time showed a small right apical pneumothorax and multiple implants
consistent with the operation performed. There was no residual evi-
dence of pulmonary edema in either lung field.

Despite an apparently normal respiratory excursion and respiratory
rate, arterial blood gases in the recovery room were poor, with a Pag,
of 50 mmHg while breathing 40% oxygen via a T-piece. Morphine was
given iv for pain, and the patient received several IPPB treatments
with bronkosol in an effort to alleviate the obstructive component of
his respiratory condition. When no further evidence of respiratory
compromise was evident, the trachea was extubated (5 h after admis-
sion to the post-anesthesia care unit). Shortly thereafter, the Pag, was
95 mmHg while breathing 40% Oy via a face mask. Alter spending 16
h in the post-anesthesia care unit, the patient was returned to his
hospital room and apparently remained stable over the next 24 h.

Ou the third postoperative day, the patient developed new onset
atrial fibrillation, and impending respiratory failure was diagnosed. A
chest radiograph showed right g collapse, despite the presence of
functioning chest tubes. He was transferred to the intensive care unit.
Endotracheal intubation was performed and ventilatory support was
instituted. The patient continued ina progressive downhill course and,
as a result of his extensive mesothelioma, expired 2 weeks later follow-
ing a cardiopulmonary arrest.

DISCUSSION

This case demonstrates an unusual type of non-car-
diac pulmonary edema after re-expansion of a lung that
had been collapsed for many months. The unilateral
nature of the pulmonary edema and the absence of car-
diac or other known etiologies strongly suggests, by ex-
clusion, a refationship between the process of rapid pul-
monary re-expansion and the development of intraop-
erative pulmonary edema.

Development of unilateral pulmonary edema in a re-
expanded lung is a rare but recognized complication of
both pneumothorax evacuation? and rapid removal of
pleural effusion.®* It has not been reported as an intra-
operative complication. The earliest accounts of this
syndrome were published in 1875.° In these cases, the
pulmonary edema followed percutaneous evacuation of
large volumes of pleural fluid, and it was noted as early
as 1902 that this problem seldom occurred unless more
than 2 | of fluid was removed.*® A symptom-free period
of several minutes to hours was also noted, as was the
fact that the pulmonary edema often cleared rapidly.
However, there were some patients who subsequently
expired, usually secondary to acute respiratory insuffi-
ciency.%

The pathophysiology of re-expansion pulmonary
edema is poorly understood. Currently, it is thought
that there is injury to pulmonary capillaries during the
period of lung collapse, resulting in an increased alveo-
lar capillary membrane permeability.* With sudden re-
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expansion of the lung, there is an increase in pulmonary
capillary blood flow, that results in the movement of
plasma ultrafiltrate from the capillaries into the inter-
stitium and alveolar spaces.>®

We feel that this case report is unique in that the
re-expansion pulmonary edema occurred intraopera-
tively. Our patient had prolonged collapse of the lung,
documented by ventilation-perfusion scan, and over 3 1
of fluid were quickly removed intraoperatively. While it
has been recommended that patients with massive
pleural effusion should undergo slow aspiration of no
more than 1500 ml at a time, this is clearly not possible
during a thoracotomy.*® In addition, a subtotal pleur-
ectomy was performed, thus permitting rapid re-expan-
sion of the lung. The pulmonary edema occurred intra-
operatively within 1 h of lung re-expansion, and clini-
cally disappeared over the next 2-3 h. With positive
pressure ventilation, the patient maintained adequate
oxygenation. While the use of PEEP is a standard thera-
peutic modality for pulmonary edema, it was not
needed in this case for oxygenation, and the surgeon
expressed concern that PEEP might interfere with the
surgical procedure. By the time the patient was taken to
the recovery room, the pulmonary edema was no longer
present either clinically or radiographically. The pa-
tient was awake, alert, and seemed to have adequate
ventilatory exchange. His respiratory status appeared to
be normal for a patient following a major thoracotomy;
it was not until 48 h later that he developed lung col-
lapse and respiratory insufficiency. The patient’s exten-
sive malignancy also contributed to his continued respi-
ratory deterioration. Undoubtedly, it was a combina:
tion of the re-collapse of the affected lung and his
underlying disease that ultimately led to his demise.

In conclusion, we believe that anesthesiologists
should be aware of the possibility that re-expansion pul-
monary edema may occur intraoperatively. Further-
more, it is crucial to keep in mind that possibly fatal
total lung collapse may occur up to 48 h later. While
prevention of intraoperative re-expansion pulmonary
edema may not be possible, it is clear from our experi-
ence that close postoperative observation and ventila-
tory support is required even though the patient may
have a symplom-free period carly in the postoperative
course,
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Unexpected Focal Neurologic Deficit on Emergence From Anesthesia: A Report of Three Cases

SUSAN B. OLIVER, M.D.,* ROY F. CUCCHIARA, M.D.,} MARK A. WARNER, M.D..§: JusSe J. Muir, M.D.3:

The occurrence of a new neurologic deficit on emer-
gence from anesthesia may be the result of a focal or
global cerebral insult. Patients experiencing a global ce-
rebral insult from profound hypotension, hypoxia, or
cardiac arrest may have diffuse neurologic abnormali-
ties without localizing signs. A systemic insult can also
occur in a patient who has a focal lesion making one
region of the central nervous system more vulnerable to
injury, such as hypotension in a patient with carotid
artery stenosis. A patient emerging from anesthesia
with a new and unexpected focal neurologic abnormal-
ity must be assumed to have suffered an acute focal
injury from either ischemia or hemorrhage. The three
cases below demonstrate various etiologies for unex-
pected focal neurologic deficit on emergence from gen-
eral anesthesia.

CASE REPORTS

Case I. A 65-yr-old, 72-kg man with a horseshoe kidney and a large
staghorn calculus in his right renal pelvis underwent percutaneous
ultrasonic lithotripsy following percutaneous placement of a wire into
therenal pelvis under local anesthesia. His medical problems included
hypothyroidism treated with synthyroid 0.125 mg daily, chronic pul-
monary interstitial Abrosis, coronary artery disease with an old ante-
rior myocardial infarction, and history of one episode of cardiac syn-
cope due to episodic atrial fibrillation 1% yr prior to this hospitaliza-
tion. Preoperative physical examination revealed bibasilar rales, but
was otherwise normal. Laboratory values were normal. ECG showed
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normalsinus rhythm, old anterior myocardial infarction, and a T wave
abnormality. No premedication was administered.

General anesthesin was induced with thiopentil 400 mg iv and
maintained with 50% nitrous oxide and 0.5-1.5% enflurane in oxy-
gen. Endotracheal intubation was facilitated with succinylcholine 60
mg iv. The patient was placed in the prone position with his head
turned to the left. During positioning and patient preparation for the
procedure, the patient’s arterial blood pressure fell from an ‘initial
awake 140/85 mmHg 1o 90/55 mmHg. This hypotension responded
over a 20-min period toan infusion of 1 liter of 5% dextrose in lactated
Ringer's solution and mephenteramine 7.5 mg iv. The remainder of
the intraoperative period was uneventful and the patient remained
hemodynamically stable. The patient was transported to the recovery
area with his trachea intubated and breathing spontancously.

Ten minutes postoperatively, it became apparent that the patient
was more lethargic than expected and had no motor lunction in the
right extremities. On physical examination, sensory function was nor-
mal, but there was dense right hemiplegia, positive right Babinski sign,
right facial motor deficit, and marked dysphasia, expressive more than
receptive. The cranial nerve reflexes were intact. There were no ca-
rotid bruits and’ the heart was normal on auscultation. The patient
underwent immediate computerized tomography (CT) head scan that
showed no focal changes. He remained hemodynamically stable dur-
ing the postoperative period and, with spontancous respiration sup-
plemented by 70% O, through a close-fitting mask, Pag, was 150
mmHg, Paco, 38 mmHg, and pHa 7.38. Further evaluation inchided
normal oculoplethysmography and digital venous angiography reveal-
ing normal extracranial carotid arteries with diffuse disease of the
medinm-sized intracranial vessels. Echocardiography revealed mild
left atrial enlargement, apical left ventricular aneurysm, and mural
thrombus. Diagnosis was felt 1o be focal left cerebral hemispheric
infarction, probably due to emboli of cirdiac origin.

The patient showed gradual improvement in his motor and speech
deficit, beginning 8 h postoperatively. Therapy included anticoagula-
tion for 3. months begun 4 days postoperatively, and physical and
speech therapy. Within 2 weeks, the patient had near complete return
of motor function. The patient was discharged 2 weeks postoperatively
with a slight foot drop and weakness of the biceps and flexor muscles
of the wrist and hand. The patient was interviewed by telephone 2 yr
following the procedure, and reported complete functional recovery
occurring within a few weeks alter discharge.

Case 2. A 32-yr-old, 61-kg woman with persistent pelvic pain under-
went pelvic laparoscopy. Her medical problems included chronic diar-
rhea and pelvic pain of 3 yr duration. Her medications included only
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