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dynamic changes and of high monomeric methylmetha-
crylate concentrations after cemented total condylar
knee prosthesis in our small groups of patients does not,
however, eliminate the potential risk of complications.
A beta (type 1I) error is possible. Indeed, Svartling et
al.,'® studying the blood levels of monomeric methyl-
methacrylate in nine patients after total condylar knee
prosthesis inserted with cement, observed low levels
ranging between 0.1-1.44 pg/ml and a high level of
119.8 pg/ml in one patient who presented ventricular
extrasystoles after release of the tourniquet.

In conclusion, our prospective study showed that
total replacement surgery with total condylar prosthesis
is followed only by acute systemic hemodynamic
changes related to inflation and release of the tourni-
quet.

The authors thank Professor Sol Shnider for reviewing the manu-
script.
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The Use of Ventilation/perfusion Lung Scans to Predict Oxygenation
during One-lung Anesthesia
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Selective ventilation of one lung provides a quiet sur-
gical field and isolation of the operative bronchus dur-
ing thoracic surgery.' Ten to forty per cent of patients
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undergoing this technique develop significant intraop-
erative hypoxemia.®™* It is difficult to anticipate, how-
ever, which patients will develop hypoxemia during
surgery.

Kerr et al.* reported that patients undergoing one-
lung ventilation for non-pulmonary surgery had a lower
mean Pag, than patients who underwent one-lung ven-
tilation for a pulmonary resection. They postulated that
the perfusion to the unventilated operative lung of pa-
tients undergoing a pulmonary resection may have been
reduced chronically. This increase of pulmonary vascu-
lar resistance might protect against the development of
a large pulmonary shunt and hypoxemia during one-
lung ventilation. Subsequently, others have shown that,
when blood flow to the operative lung is limited by
intraoperative occlusion of the pulmonary artery, the
Pag, during one-lung anesthesia improves.2®7 The in-
fluence of the preoperative distribution of pulmonary
vascular resistance and, therefore, blood flow upon ox-
ygenation during one-lung anesthesia has not been sys-
tematically studied.
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TABLE 1. Preoperative Pulmonary Function Measurements
Mcan + SEM Range
Arterial blood gas values while breathing air
Pag,, mmHg 74 £2 61-91
Paco,, mmHg 42 = 1 36-47
pHa 7.42 £ 0.01 7.38-7.47
Spirometry (% predicted)
FEV, 67 5 28-116
FVC 72 4 29-117
FEV{/FVC 92 +3 58-122
Lung volumes (% predicted)
RV 1158 57-189
TLC 87 +3 52-114
RV/TLC 1328 83-192

The goal of our study was to test the clinical impres-
sion that the greater the preoperative blood flow to the
operative lung, the more likely it is that intraoperative
hypoxemia might occur from persistent pulmonary
blood flow during one-lung anesthesia. Accordingly, we
estimated the relative perfusion of the operative and
non-operative lungs using preoperative ventilation and
perfusion lung scans, and retrospectively compared this
value to arterial blood gas values during one-lung anes-
thesia. Our results suggest that unimpaired perfusion of
the operative lung (>45% of total pulmonary blood
flow) is a major risk factor for developing hypoxemia
during one-lung anesthesia.

MATERIALS AND METHODS

We examined the records of 30 consecutive patients
who had received quantitative ventilation/perfusion
lung scans, and subsequently underwent thoracic oper-
ations. Data collected included age, sex, arterial blood
gas tensions during room air breathing, the results of
preoperative pulmonary function tests by spirometry,
and lung volume by plethysmography. All patients had
a ventilation and perfusion lung scan performed as a
part of their clinical evaluation for surgery and medical
management.

Regional ventilation was assessed after 740 MBq (20
mCi) of '3¥Xe gas was inhaled by each patient while
sitting. Initial breath, equilibrium, and elimination
images were recorded with a large field-of-view camera
fitted with a low-energy all-purpose collimator and po-
sitioned behind the patient. The pulse-height analyzer
was set at 81 keV with a 20% window. Following the
ventilation study, the patient was placed supine and
148-160 MBq (4-4.3 mCi) of **Technetium-labeled
human albumin microaggregates, averaging 25 p in di-
ameter, were injected intravenously. Approximately
200,000-700,000 particles were administered. Follow-

Anesthesiology
V 67, No 5, Nov 1987

ing injection, the patient was again studied in the same
position and perfusion images were obtained using the
same instrument with the pulse-height analyzer set at
140 keV with a 20% window. The activity over each
lung field in the equilibrium ventilation and perfusion
images were expressed as percentage of total lung activ-
ity, producing a relative measure of the ventilation and
perfusion of each lung.

In all patients, anesthesia was induced with iv thio-
pental and maintained by inhalation of enflurane or
halothane. Laryngoscopy and tracheal intubation were
facilitated by the iv administration of succinylcholine.
Subsequently, neuromuscular blockade was provided
by the iv administration of a nondepolarizing muscle
relaxant. The non-operative, dependent bronchus was
then intubated with a Robertshaw tube in all patients
but one, who had a permanent tracheostomy and un-
derwent endobronchial intubation with a single lumen
tube. The patients were operated upon in the lateral
jacknife position. The position of the endobronchial
tube was confirmed by inspection and auscultation of
the chest in the supine and lateral positions.? Fiberoptic
bronchoscopy was performed to confirm the tube’s po-
sition in one patient. All patients received controlled
ventilation with 100% oxygen at a rate and volume ap-
propriate to maintain the Pago, at approximately 40
mmHg.

Samples of arterial blood were obtained via a radial
artery catheter at least 10 min after the operative lung
was collapsed, confirmed by observing lung atelectasis,
and prior to ligation of the pulmonary vessels.
Pay,, Paco,, and pHa were measured with an auto-
mated blood gas analyzer (Corning® 175) calibrated by
blood tonometered with gases of known concentration.

The data were subsequently analyzed using single or
multiple linear regression, ! tests, or Chi squares.g AP
value of less than 0.05 was considered significant.

RESULTS

Nineteen men and 11 women were studied. Their
ages averaged 60 = 2 yr (mean * SEM, range 38-78 yr
of age). Twenty-four of the patients had lung cancer,
two had empyema, two had recurrent pleural effusion,
one had a bronchogenic cyst, and one had a bronchial
stenosis. Nineteen had right-sided lesions and 11 had
left-sided lesions. Their preoperative pulmonary func-
tion measurements are summarized in table 1. Fifteen
of the patients underwent lobectomy; seven, segmen-
tectomy or wedge resection; three, pneumonectomy;
three, total decortication; and two, exploratory thora-
colomy.

The Pag, measured during one-lung anesthesia cor-
related inversely with the relative perfusion of the oper-
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ative lung as measured by the perfusion scans (r = —.72;
P < 0.001; fig. 1). Those patients with relatively little
flow to the operative lung had only a small shunt and a
high Pag,. Patients with normal or excessive blood flow
to the operative lung were often hypoxemic, which we
defined as a Pag, < 75 mmHg during one-lung ventila-
tion with 100% oxygen.

With preserved preoperative perfusion, i.c., greater
than 45% of the cardiac output going to the operative
lung,'®"" the Pao, averaged 115 + 15 mmHg (mean
* SEM) during one-lung ventilation. When reduced
preoperative perfusion, i.e.,, 45% or less of the cardiac
output going to the operative lung, was documented,
the Pag, averaged 290 * 43 mmHg (P < 0.002).

Eight of the patients had a Pag, of less than 75 mmHg
during one-lung ancsthesia, despite ventilation with
100% oxygen (mean Pag, 55 = 4 minHg). The likeli-
hood of developing this degree of hypoxemia increased
progressively with additional perfusion of the operative
lung, as determined by the preoperative perfusion scan
(fg. 2). This is not a specific predictor, however, since
many patients with preserved preoperative perfusion
maintained an adequate level of oxygenation during
one-lung anesthesia.

Since preoperative regional ventilation was well
matched to perfusion (r = .87, P < 0.001), the per cent
of total ventilation to the operative lung was also corre-
lated with the Pag, during one-lung anesthesia (r = .73,
P < 0.001).

Neither age, sex, side of operation, preoperative anal-
ysis of arterial blood gas tensions while breathing room
air, the values recorded during preoperative pulmonary
function testing (FEV|, etc.), nor preoperative lung vol-
ume correlated with oxygenation during one-lung anes-
thesia. Multivariate regressions using these variables did
not improve the correlation between preoperative lung
perfusion or ventilation and oxygenation during one-
lung anesthesia,

DiscussION

The most important finding of this study is that pre-
operative ventilation/perfusion scans appear to identify
those patients at greatest risk of hypoxemia during one-
lung anesthesia. The extent of perfusion or ventilation
to the operative lung, measured prior to operation, cor-
relates inversely with the level of oxygenation achieved
during one-lung anesthesia. Other preoperative tests,
such as analysis of arterial blood gases while breathing
room air or routine pulmonary function tests, are not
significantly correlated with arterial oxygenation dur-
ing one-lung anesthesia. These results provide evidence
that hypoxemia during one-lung ventilation usually re-
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Preoperative lung scans, while demonstrating the ef-
fect of tumors upon ventilation and pulmonary blood
flow, do not reflect the influence of posture, anesthesia,
and surgery upon pulmonary shunt and ventilation/
perfusion matching. The correlation of the results of
preoperative lung scans to oxygenation during one-lung
anesthesia probably would have been increased if the
scans had been performed with the patient in the ap-
propriate lateral decubitus position. In this way, the ef-
fect of posture upon regional ventilation and perfusion
would have been assessed.

Benumof!* estimated that, in the lateral decubitus
position, approximately 40% of the cardiac output per-
fuses the normal, ventilated nondependent lung. Dur-
ing one-lung anesthesia, the effect of gravity and hyp-
oxic pulmonary vasoconstriction could reduce the ex-
pected pulmonary shunt to 20% of the cardiac output.'
The level of Pag, measured during one-lung anesthesia
in some of our patients with normal preoperative per-
fusion to the operative lung suggests a total pulmonary
shunt of greater than 50%, although we did not place
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to the relative preoperative
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Pag, < 75 mmHg during one-lung anesthesia, as compared to the
number of patients within each of the four groups.
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pulmonary artery catheters, and thus could not directly
measure the shunt fraction. An increase of pulmonary
shunt normally accompanies general anesthesia and
thoracic surgery. An increased shunt fraction may be
caused by the presence of an open chest, mediastinal
compression of the lower lung, elevation of the inferior
hemidiaphragm, and interstitial edema in lung regions
lying below the level of the heart.'® An increase of pul-
monary vascular resistance in the ventilated lung or a
decrease of cardiac output would also increase the pul-
monary shunt during one-lung ventilation.'® In addi-
tion, intraoperative hypoxemia may result from im-
proper location of the double lumen tube or the accu-
mulation of secretions.

In summary, we used quantitative ventilation/perfu-
ston lung scans to estimate the relative perfusion and
ventilation of each lung in 30 patients who subsequently
underwent one-lung anesthesia for thoracic surgery.
We found that the degree of preoperative perfusion
and ventilation of the operative lung correlated in-
versely with intraoperative oxygenation during one-
lung anesthesia. Unimpaired preoperative perfusion
and ventilation of the operative lung appeared to be
major risk factors for developing intraoperative hypox-
emia during one-lung anesthesia.
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Exacerbated Spinal Neurologic Deficit during Sedation of a Patient with Cervical Spondylosis
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New or worsened neurologic deficits associated with
“awake” tracheal intubation in patients with instability
or narrowing of the cervical spinal canal are generally
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attributed to injudicious movement of the neck. How-
ever, we recently encountered a patient with cervical
spondylosis who became substantially weaker after re-
ceiving diazepam and droperidol prior to intubation,
despite neck stabilization, normal arterial blood pres-
sure, and normal arterial blood gases. Consequently, we
speculate that, under some conditions, sedative-hyp-
notics and tranquilizers can exacerbate or unmask un-
derlying spinal cord dysfunction.

REPORT OF A CASE

A 74-yr-old woman with a long history of osteoarthritis (treated with
aspirin), type 11 diabetes (well-controlled on NPH and CZI insulin),
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