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Myocardial Perfusion as Assessed by Thallium-201 Scintigraphy

during the Discontinuation of Mechanical Ventilation

in Ventilator-dependent Patients

William E. Hurford, M.D.,* Karen E. Lynch, R.N.,t H. William Strauss, M.D., %
Edward Lowenstein, M.D.,§ Warren M. Zapol, M.D.1

Patients who cannot be separated from mechanical ventilation
(MYV) after an episode of acute respiratory failure often have co-
existing coronary artery disease, The authors hypothesized that in-
creased left ventricular (LV) wall stress during periods of sponta-
neous ventilation (SV) could alter myocardial perfusion in these
patients. Using thallium-201 (*"'TI) myocardial scintigraphy, the
authors studied the occurrence of myocardial perfusion abnormal-
ities during periods of SV in 15 MV-dependent patients (nine women,
six men; aged 71 + 7 yr, mean * SD). Fourteen of these patients
were studied once with ***TI myocardial scintigraphy during inter-
mittent mechanical ventilation (IMV) and again on another day,
after at least 10 min of SV through a T-piece. One patient was studied
during SV only. Thirteen of 14 of the patients (93%) studied during
MYV had abnormal patterns of initial myocardial **'T1I uptake, but
only 1 patient demonstrated redistribution of **'TI on delayed im-
ages. The remainder of the abnormalities observed during MV were
fixed defects. SV produced significant alterations of myocardial *'T1
distribution or transient LV dilation, or both, in 7 of the 15 patients
(47%). Four patients demonstrated new regional decreases of LV
myocardial thallium concentration with redistribution of the isotope
on delayed images. The patient studied only during SV also had
myocardial *'TI defects with redistribution. Five patients (3 also
having areas of ' T1 redistribution) had transient LV dilation during
SV. The change from MV to SV was accompanied by increased
spontaneous minute ventilation (3.5 * 2.6 to 8.4 + 3.7 1/min) and
mean arterial blood pressure (90 + 2 to 98 3: 3 mmHg), and decreased
pH, (7.41 £ 0.02 to 7.37 + 0.03) (P < 0.05 by paired ¢ test for each
comparison); the Pag,, Paco,, heart rate, 12-lead ECG, tidal volume,
vital capacity, and maximum inspiratory pressure were unchanged.
The frequent occurrence of new regions of altered myocardial ***TI
uptake and LV dilation during SV suggests that myocardial perfusion
often is altered and myocardial ischemia may be present during SV
in MV-dependent patients. (Key words: Heart: blood flow. Lungs:
respiratory failure. Ventilation, mechanical: ventilator dependence.)
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'THE CARDIOVASCULAR STRESSES of discontinuing me-
chanical ventilation (MV) may play a major role in pre-
venting the successful separation of MV-dependent pa-
tients from the ventilator. Frequently, pulmonary and re-
spiratory muscle function appear adequate. Nevertheless,
these patients may remain dependent upon MV for weeks
after an episode of acute respiratory failure.! Current
techniques of withdrawing MV usually use decreasing
levels of intermittent mandatory ventilation (IMV) or in-
creasingly longer periods of spontaneous ventilation (SV)
alternating with IMV or controlled ventilation.** The
change from MV to SV can produce a rapid decrease of
intrapleural pressure in MV-dependent patients.! In-
creased abdominal pressure also may occur as a result of

increased diaphragmatic and abdominal muscular activ-

ity.?2 These changes can produce a sudden increase of left
ventricular (LV) preload and afterload. Asa result of these
changes, central blood volume may increase, leading to
increased LV cavity size, altered myocardial perfusion,
and possibly myocardial ischemia or dysfunction, partic-
ularly in patients with concomitant coronary disease.

To better define the role of altered myocardial per-
fusion during withdrawal of MV, we performed thallium-
201 (**'TT) myocardial scintigraphy during periods of MV
and SV in 15 MV-dependent patients. Thallium-201
myocardial scintigraphy is used widely to evaluate the ex-
tent and severity of coronary artery disease and myocar-
dial ischemia.®~® Thallium-201 is a potassium analog con-
centrated within myocytes by both passive diffusion and
an active process requiring adenosine triphosphate.

Over the normal range of coronary artery blood flow
rates in normal hearts, a linear relationship exists between
the myocardial uptake of 2**'TI and regional myocardial
blood flow at the time of the **' T1 injection.”® Infarcted
areas (scars) fail to accumulate 2°'TI and are detected as
defects on scintigraphic images. Hypoperfused but viable
areas initially exhibit decreased ?°'TT uptake compared
with normal myocardium, but continue to accumulate
201T] over time. Normal regions, on the other hand,
eliminate ?*''TT as the blood concentration of 2°'TT de-
creases.

Differences of ?°'TI concentration between areas with

** Morganroth MI, Grum CM: Weaning from mechanical venti-
lation. Journal of Intensive Care Medicine 3:109-120, 1988.
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normal and decreased myocardial blood flow that are ap-
parent on images acquired soon after **' T1 injection will
be reduced on scintigraphic images acquired 3 to 4 h later.
Myocardial regions initially characterized by reduced
2017] uptake, in comparison with other zones, and dem-
onstrating less disparity with well-perfused regions on
subsequent later imaging exhibit a phenomenon termed
“redistribution.” Decreased myocardial 2’ T1 uptake in
these areas is believed to reflect decreased myocardial
perfusion, compared with the myocardial oxygen demand
of the region. This phenomenon of redistribution is used
to differentiate transiently ischemic from infarcted myo-
cardium.’

Transient LV dilation, often resulting from severe and
extensive myocardial ischemia, also can be detected by
20'T] scintigraphy and probably represents severe un-
derlying multivessel coronary artery disease.'>!! During
exercise *°'T1 scintigraphy, transient LV dilation had a
sensitivity of 60% and a specificity of 95% for identifying
patients with multivessel critical stenoses.'® Also, in a study
by Chouraqui and coworkers, transient LV dilation ob-
served during dipyridamole **' TI scintigraphy had a sen-
sitivity of 87% for identifying patients with multivessel
coronary artery disease.'!

The ability of 2°'TI scintigraphy to detect ischemic
areas depends on the relationship between myocardial
oxygen demand and available coronary blood flow.* Usu-
ally only critical coronary artery lesions or prior myocar-
dial infarction are detectable by ?°'TI scans performed
during basal resting conditions. In clinical studies, exercise
often is used to increase myocardial oxygen demand and
accentuate regional differences of coronary artery blood
flow. Myocardial blood flow in normally perfused areas
will increase in response to the greater oxygen demand.
Areas supplied by a stenotic coronary artery, on the other
hand, may be unable to increase flow to match the greater
oxygen demands of the myocardium. In our study, dis-
continuing MV and permitting patients to breathe spon-
taneously were used as the hemodynamic stimulus to in-
crease myocardial oxygen demand. We hypothesized that
if this was a clinically significant hemodynamic stress, areas
of 2°'T1I redistribution or LV dilation would be detected
by 2°'TI scintigraphy performed during SV. If these

changes reflect transient myocardial ischemia, patients
exhibiting new regions of ?*'T1 redistribution or LV di-
lation after a brief period of SV might have impaired
ability to separate successfully from MV.

Materials and Methods

PATIENT SELECTION

Fifteen medical and postsurgical patients were studied
with 2°!TT myocardial scintigraphy. These patients ful-
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filled the following criteria: 1) they were not pregnant,
they were at least 18 yr old, and their lungs had been
mechanically ventilated for at least 7 days; 2) they had a
spontaneous ventilatory rate between 10 and 30 breaths
per min and a tidal volume greater than 4 ml/kg when
separated from ventilatory support; 3) they had stable or
improving acute pulmonary disease as evidenced by a sta-
ble or improving clinical course, chest roentgenograms,
and arterial blood gas tensions; 4) they were hemodynam-
ically stable as evidenced by the ability to sustain a systolic
blood pressure greater than 90 mmHg without the use
of vasopressors; 5) their tracheas were intubated with ap-
propriately sized endotracheal tubes; and 6) they dem-
onstrated prior documented ability to breathe sponta-
neously for at least 10 min during previous attempts to
withdraw MV. The study was approved by the Massachu-
setts General Hospital Subcommittee on Human Studies,
and all subjects and/or their relatives provided informed
consent.

DEMOGRAPHICS AND PHYSIOLOGIC DATA

Historic data collected included age, sex, diagnosis, and
medical history (including any history of smoking, asthma,
chronic obstructive pulmonary disease, or coronary artery
disease), day of hospitalization, day of intubation, and
medication record.

The physiologic data we measured during MV and SV
included the heart rate and 12-lead electrocardiogram
(nominal frequency response 0.05-100 Hz), arterial blood
pressure measured with an arm cuff, arterial blood gas
tensions, pH, and lactate levels. Respiratory parameters
measured during MV were the inspired oxygen concen-
tration, mandatory ventilatory rates and tidal volumes, as
well as peak and end-expiratory airway pressures. The
patient’s spontaneous tidal volume, vital capacity, and
maximal inspiratory force were measured before and im-
mediately after the trial of SV.

We recorded whether the patient eventually was sep-
arated successfully from MV, whether the patient survived
to be discharged from the hospital, the hospital charges,
the duration of tracheal intubation and MV, and the
length of hospital stay. The patients’ hospital charges were

the sum of the dollar amounts that the patient was billed

for hospitalization, including charges for the hospital bed,
operating room, radiologic studies, respiratory therapy,
materials services, pharmaceutical products, laboratory
tests, and transfusion therapy. Physician charges were not
included.

THALLIUM-201 MYOCARDIAL SCINTIGRAPHY

Each patient was studied with 2! TI myocardial scin-
tigraphy during MV and, on a separate day (to limit back-
ground activity), after 10 min of spontaneous breathing.
Although the order of the scintigraphic studies was ran-
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domized, most patients (11 of 14) first were studied after
SV. All patients fasted at least 4 h before each study. For
each study, 2 mCi (74 MBq) thallous-201 chloride was
injected intravenously. At least 7 min after injection of
the radioisotope, images were collected in the anterior,
45-degree left anterior oblique (LAO), and 70-degree
LAO projections with a mobile gamma camera (Series
420 Mobile; Ohio Nuclear, Solon, OH) using a general
all-purpose collimator. Each view was collected for 8 min.
The imaging was repeated 3 h after the injection of ' T1
to document myocardial redistribution of the radioiso-
tope.* Repeat images were matched to those previously
acquired by duplicating the patient’s position and camera
orientation and by comparing brief preliminary images
with those already acquired.

During SV, the patient breathed spontaneously
through a T-piece to eliminate the resistance of demand
valves. After 7 min of SV, 2 mGCi of thallous-201 chloride
was injected. Five milliliters of arterial blood was with-
drawn from a radial artery for analysis of blood gas ten-
sions, pH, and lactate levels. After a total of 10 min of
SV, the mandatory ventilatory rate and positive end-ex-
piratory pressure were returned to their previous levels.
Initial and delayed imaging were performed as described
above while the patient received MV. During SV, the
heart rate, respiratory rate, and blood pressure were
monitored. The arterial oxyhemoglobin saturation
(Spo,) was monitored continuously by pulse oximetry, and
the inspired oxygen concentration was increased if the
arterial Spo, decreased to less than 90%. A 12-lead elec-
trocardiogram was recorded before and at the end of the
10-min period of SV, The ST-segments of the electro-
cardiograms were evaluated according to standard criteria
for evidence of myocardial ischemia (planar or downslop-
ing ST-segment depression = 1 mV or ST-segment ele-
vation = 2 mV compared with baseline tracings, and per-
sisting for at least 60 ms beyond the ] point in one or
more leads).'?

INTERPRETATION OF THALLIUM-201 SCINTIGRAMS

Scintigraphic images were interpreted with the use of
both qualitative and quantitative methods. For qualitative
analysis, each 2°'T1 scan was interpreted by two observers
without their knowledge of the patients’ ventilatory pat-
terns. The scans were analyzed on two separate occasions
at least 6 weeks apart. Scans showing no initial ' TT de-
fects were considered normal. Those showing perfusion
defects were further characterized as demonstrating re-
distribution of the radiolabel if the defect was less apparent
on subsequent delayed images. Transient LV dilation was
considered to be present when there was a definite re-
duction in the size of the left ventricle between the initial
image and the redistribution image acquired 3 h later. In

MYOCARDIAL PERFUSION IN MV-DEPENDENT PATIENTS

1009

this study, the consensus opinion of both observers had
to agree on both occasions for a defect or LV dilation to
be considered present.

Quantitative analysis was performed with the use of a
computer program (SOPHY®; Cedars Processing, Sopha
Medical Systems, Inc.) that defined initial 2°* T1 defects
by comparing the patient’s initial 2°'T1 uptake with the
lower limit of established normal values.'®!* The initial
20T images acquired during MV and SV also were com-
pared.

After image processing with an interpolative back-
ground subtraction algorithm and nine-point weighted-
average smoothing, maximal count, 60-point circumfer-
ential profiles (6 degrees per interval) of the initial 2°'T1
images were constructed. Each point in the profile rep-
resented the maximal number of counts per pixel along
a radial line beginning in the center of the left ventricle
and ending on the outer surface of the left ventricle. The
profiles were normalized so that the maximal 2! T1 activity
in each image equaled 100% and were aligned so that the
LV apex corresponded to 90 degrees in each view. Thal-
lium activity was plotted clockwise from 0 to 360 degrees
as the percentage of maximum counts versus angle. Three
myocardial regions were defined for each view (fig. 1).
The arc from 210 to 330 degrees was considered to rep-
resent the LV inflow and outflow tracts and was excluded
from additional analysis. A *°'TI defect was defined as
any 18-degree segment (three contiguous radii) of the
profile falling at least 2 SD below the mean initial distri-
butions of a population of normal subjects.'* Data for this
population were preprogrammed as part of the computer
software,

Although the lower limit of normal usually is within
75% of the maximum uptake in each view, it extends
from as low as 55% of the maximum uptake at the apex
in the 45-degree LAO view to as high as 80% of the max-
imum uptake for the inferior wall on the anterior view.
Findings from a study were considered abnormal if there

,330°

.330° i210'
Antorlor

210

Anterior

..g0° Septal Post-lat.  120°.

Apex

Apex 120" R 330°

* - 5 Interlor
inferior 120° int-ap, 60"

45°-LAO 70°-LAO

FIG. 1. Each myocardial **' Tl image was divided into three regions
for quantitative analysis. Circumferential profiles of maximal **' Tl ac-
tivity were plotted clockwise as a function of angle (6° per interval)
from 0 to 360°. The profiles were normalized so that the maximal
20T activity in each image equalled 100% and aligned so that the
apex corresponded to 90° in each view. The arc from 210 to 330°
represents the LV inflow and outflow tracts and was not interpreted.
LAO = left anterior oblique; Post-lat. = posterolateral; Inf = inferior.

Anterior

20z ludy 01 uo 3sanb Aq ypd°20000-000901 66 1-Z¥S0000/0802ZE/L00/9/¥./4pd-Bj0lE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumog



1010

HURFORD ET AL.

Anesthesiology
V 74, No 6, Jun 1991

TABLE 1. Redistributing Myocardial Thallium-201 Defects and LV Dilation During MV and SV

Days of MV ‘Thallium Defects
Age, History of Before SV
Patient yr Sex Diagnosis CAD Study MV sv Outcome
1 85 F Pneumonia No 57 None None Died
2 60 F COPD; pneumonia No 13 None None Died
3 71 F COPD; pneumonia Yes 19 None Apical, septal, and posterolateral; | Died
dilated LV cavity
4 69 F Pneumonia No 68 None Septal and anterior Died
5 73 | M | s/pAAA No 23 Not done | Inferior and inferoapical Died
6 72 F | Incarcerated hernia No 20 None None Discharged
7 72 | F | s/pAAA Yes 9 None None Discharged
8 69 F PVD Yes 14 None Spetal and inferior; dilated LV Died
cavity
9 71 M | ASMI Yes 24 None None Discharged
10 75 F ? CHF; pneumonia Yes 26 None None Died
11 69 | F | s/p Gastrectomy No 33 None None Discharged
12 83 | M | s/p Gastrectomy Yes 10 Anterior Anterior; dilated LV cavity Died
13 62 | M | s/p Esophagogastrectomy No 23 None None; dilated LV cavity Died
14 60 | M | Ileal perforation No 48 None None Died
15 69 | M | Pseudomembraneous Yes 28 None None; dilated LV cavity Discharged
enterocolitis

MYV = mechanical ventilation; SV = spontaneous ventilation; CAD
= coronary artery disease; COPD = chronic obstructive pulmonary
disease; AAA = abdominal aortic aneursym; PVD = peripheral vascular

were at least two abnormal 18-degree arcs in any of the
three views. Operator interactions with the program were
limited to locating the center and outer border of the left
ventricle and aligning the LV apex.

For the purposes of this study, a “‘positive” scan during
separation from MV was defined as demonstrating areas
of decreased initial **' TT uptake during SV by both qual-
itative and quantitative interpretations, with redistribution
of the label on delayed imaging and/or transient LV di-
lation during SV. All other scans were considered to be
“negative” for significant scintigraphic changes during
SV. A negative **'TI scan may have displayed initial de-
fects of *' TT uptake but did not exhibit redistribution of
the label on delayed imaging (fixed defects) or transient
LV dilation, and, thus, was unaffected by the ventilatory
mode. The interpretations of the thallium scans were not
shared with the patients’ primary physicians.

STATISTICAL ANALYSIS

Allresults are expressed as the mean =+ SD. Differences
between parameters measured during MV and SV were
analyzed by the paired Student’s ¢ test. P < 0.05 was con-
sidered significant. Outcome data were analyzed by the
chi-squared test. {7

11 Hintze JL. NCSS Version 5.01. Kaysville, JL Hintze, 1987,

disease; AAA = abdominal aortic aneursym; PVD = peripheral vascular
discase; ASMI = anteroseptal myocardial infarction; CHF = congestive
heart failure; s/p = status post.

_ Results

PATIENT CHARACTERISTICS

Nine women and six men were studied (age 71 = 7 yr;
range, 60-84 yr; table 1), The patients’ lungs had been
ventilated mechanically for 9-68 days. Seven patients had
a history of coronary artery disease documented either
by a history of myocardial infarction or evidence of prior
myocardial infarction on their electrocardiograms. Only
1 patient (patient 9) was admitted initially for cardiac
symptoms. Most patients had been receiving cardiac med-
ications (calcium channel blockers, 9 patients; digoxin, 7
patients; oral nitrates, 5 patients; beta-adrenergic blockers,
3 patients). Ten patients were treated previously for
chronic obstructive pulmonary disease. Two of these pa-
tients (patients 2 and 3) were admitted for pneumonia
that exacerbated the symptoms of their chronic obstruc-
tive pulmonary disease. At the time of the study, 11 of
the patients were receiving inhaled bronchodilators and
6 were receiving theophylline preparations.

PHYSIOLOGIC CHANGES DURING SV

The results of the hemodynamic and respiratory mea-
surements obtained during MV and SV are shown in table
2. These patients had a spontaneous respiratory rate of
32 + 8 breaths per min, a spontaneous tidal volume of
280 = 140 ml, and a maximal inspiratory force of —24
+ 6 cmH0. The physiologic changes associated with the
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TABLE 2. Hemodynamic and Respiratory Measurements

MYOCARDIAL PERFUSION IN MV-DEPENDENT PATIENTS

during MV and SV
Variable MV sV

Heart rate (beats per min) 92 + 14 98 & 18*
Systolic arterial pressure (mmHg) 144 = 16 150 % 27
Diastolic arterial pressure (mmHg) 63 =11 73 + 13%
Mean arterial pressure (mmHg) 90 =8 98 & 12*
Spontaneous respiratory rate (breaths

per min) 15 =12 32+ 8*
Spontaneous tidal volume (ml) 270 + 80 280 * 140
Spontaneous minute ventilation

(1/min) 3.3+£28 8.4 £ 3.7*
Vital capacity (ml) 640 = 270 | 530 * 260
Maximum inspiratory force (cmHp0) | —27 + 9 246
Pao, (mmHg) 101 £23 | 101£54
Paco, (mmHg) 449 48 £ 8
pHa 7.41 £.06 | 7.37 +.06%
Arterial lactate (mM)} — 0.88 £ .26

Values are mean * SD, n = 14.
* P < 0.05 by paired ¢ test.
+ Normal range 0.5-2.2 mM.

transfer from MV to SV were relatively minor. Heart
rate increased 6% (from 92 to 98 beats per min). Diastolic
and mean arterial pressure increased 14% and 9%, re-
spectively, whereas systolic pressure did not change. The
spontaneous respiratory rate and spontaneous minute
ventilation increased significantly. Arterial pH decreased
slightly (from 7.41 to 7.37) and Paco, increased from 44
to 48 mmHg, but the latter increase was not significant.
Arterial lactate concentration remained within the normal
range during SV (0.88 * 0.26 mM; normal range: 0.5-
2.2 mM). The 12-lead electrocardiograms obtained after
10 min of SV did not demonstrate new ST-segment
changes diagnostic of myocardial ischemia.

THALLIUM-201 MYOCARDIAL SCINTIGRAPHY

Fourteen patients were studied with 2°* T1 myocardial
scintigraphy during MV and after at least 10 min of spon-
taneous breathing through a T-piece (SV). One patient
(patient 5) was studied only once, after 10 min of SV,
because MV was discontinued after the first study was
performed. Only 1 patient (patient 1) had initially normal
*01T] uptake during both MV and SV (fig. 2). By our
quantitative criteria, the remaining 13 patients (93%) had
abnormal initial patterns of myocardial 2°' TI uptake dur-
ing both MV and SV. During MV, 12 of these patients
demonstrated only fixed ?°' TI defects. One patient (pa-
tient 12) demonstrated redistribution of 2°' TI on delayed
imaging during MV. This patient had a similar redistri-
buting **' TT defect and transient LV dilation during SV.

Ten minutes of SV produced significant alterations of
myocardial 2! T1 distribution or transient LV dilation (a
‘“‘positive” scan with discontinuation of MV) in 7 of the
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15 patients (47%) (table 1). In 4 of these patients, new
regions of decreased myocardial **' T1 uptake developed
during SV, compared with the scans performed during
MYV, with redistribution of the label on delayed images.
Figure 3 displays the circumferential profiles of the initial
201TT scans of 1 such patient. The 1 patient in whom a
baseline **'TI study was not performed during MV (pa-
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F1G6. 2. Circumferential profiles of initial 2°!T1 uptake in patient 1
during spontaneous ventilation (circles) and during intermittent me-
chanical ventilation (triangles). This patient had normal initial 2**'TI
uptake during both spontaneous and mechanical ventilation. There
were no regional differences of ?*' T uptake in any myocardial region.
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on delayed images during their SV study. Transient LV

dilation was not identified in any of the 2°'TI scans per-
formed during MV.

The remaining seven patients (47%) demonstrated an

abnormal initial 2°'TT uptake during MV and SV, but
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FIG. 3. Circumferential profiles of initial 2'TI uptake in patient 4
during spontaneous ventilation (circles) and during intermittent me-
chanical ventilation (triangles). Decreased 2°'T] uptake was evident
within inferior and apical myocardial regions on the scan performed
during mechanical ventilation. During SV, additional areas of decreased
®'T] uptake were evident in the septum and anterior wall. On delayed
imaging, 2°'T] redistribution in these areas was noted.

tient 5) demonstrated reversible myocardial 2°! T1 defects
during SV. Five of the patients we studied (33%) had
transient increases of LV cavity size during SV. Three of
these patients also demonstrated focal regions of de-
creased 2! T1 uptake with redistribution of the radiolabel
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FIG. 4. Circumferential profiles of initial **' T] uptake in patient 11
during spontaneous ventilation (circles) and during intermittent me-
chanical ventilation (triangles). Decreased **'T] uptake was evident
within apical, inferior, septal, and anterior regions on both scans. Myo-
cardial ' TI uptake on the scans acquired during spontaneous and
mechanical ventilation was identical. Qualitative analysis of delayed
images revealed no evidence of 2°'T! redistribution.
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TABLE 3. Outcome Variables

Variable All Patients

Negative Thallium Positive Thallium

Number 15

Age (yr) 71 £ 7 (60-84)
Days of mechanical ventilation 61 + 41 (24-144)
Days hospitalized 70 £ 39 (24-144)
Hospital cost ($X1000) 117 + 72 (12-253)
Mortality (%) 67

8 7.

70 + 8 (60-84) 71 + 6 (62-83)

44 * 22 (25-84) 81 + 50 (24-144)

53 + 22 (25-89) 90 + 47 (24-144)

75 + 44 (12-156) 165 + 69 (67-253)*
50 86

Values are mean * SD, with ranges in Earentheses. A positive 2°'T1
scan showed areas of decreased initial ' TI uptake during SV with
redistribution of the label on delayed imaging and/or transient left

without redistribution (fixed defects) and without differ-
ences between SV and MV images (a “‘negative” scan with
discontinuation of MV). Figure 4 depicts the circumfer-
ential profiles of one such patient (patient 11).

OUTCOME

The lungs of the patients we studied were ventilated
mechanically for 24144 days (table 3). Ten of the patients
subsequently died in the hospital before being weaned
from the ventilator. In these patients, death usually fol-
lowed a decision to limit or curtail medical therapy. No
postmortem examinations were obtained. The five pa-
tients who survived no longer required MV eventually,
and were discharged from the hospital. The hospital
charges of the seven patients with positive **'TI scans
during SV averaged 120% greater than those of patients
with negative scans (P = 0.01) (table 3). The number of
days of MV, number of days hospitalized, and overall
mortality were not statistically different for patients with
positive or negative 2**' TI scans during SV. A prior history
of cardiac or chronic pulmonary disease was not predictive
of an abnormal 2°!'T1 scan during MV or SV, and it was
not related to outcome.

Discussion

Our study suggests that acute regional alterations of
myocardial perfusion, as detected by quantitative **'TI
myocardial scintigraphy, frequently occur when MV-de-
pendent patients breathe spontaneously. Changing the
ventilatory pattern from MV to SV was associated with
the appearance of 2°' T1 defects that later demonstrated
redistribution or acute LV dilation in 7 of the 15 patients
(47%) we examined (see table 1). That the hospital charges
were more than twice as high in such patients (table 3)
suggests that such alterations of myocardial perfusion
could be associated with a prolonged recovery (longer
hospitalizations or patients who are more ill). In our study,
the small number of patients examined precludes conclu-
sions from being made concerning differences in mortal-
ity, duration of MV, or length of hospitalization.

ventricular dilation during SV. All other scans were considered to be
negative.
* P = 0.01 compared to those with negative 2°'T1 scans.

Our findings suggest that the hemodynamic and ven-
tilatory changes associated with discontinuing MV were
sufficient to increase myocardial oxygen demand (evi-
denced by the increased heart rate, arterial blood pres-
sure, and LV cavity size during SV). During SV, the ap-
pearance of regions of decreased myocardial ' TT uptake
that later redistributed (5 of 15 patients) indicates these
regions were relatively hypoperfused as compared with
adjacent zones of myocardium that had similarly increased
oxygen demands. Although the transient LV dilation we
detected by 2°' T scintigraphy during SV (5 of 15 patients)
could reflect increased LV filling, it is more likely that
this change represents transient ischemic dilation of the
ventricle. Acquisition of each 2°'T1 image required 8 min
and began only after the hemodynamic and ventilatory
stress (SV) was terminated. Accordingly, each 2**'T1 image
isa “time exposure” reflecting LV size and motion during
that time period. Changes of LV size resulting from tran-
sient increases of LV preload or afterload would have had
to persist throughout the imaging period (well after the
reinstitution of MV) to be detected. Because transient LV
dilation reflects an increase in LV size that persisted after
the return to MV, it more likely results from transient
myocardial ischemia and hypokinesis.'®!!

According to recent studies, successful separation from
the ventilator of MV-dependent patients whose pulmo-
nary and respiratory muscle function appear adequate to
sustain SV can be impaired by cardiac dysfunction. Le-
maire ¢t al. prospectively studied hemodynamics, respi-
ratory mechanics, and ventricular volumes of 15 MV-de-
pendent patients with respiratory mechanics similar to
those of the patients that we studied.! When these patients
breathed spontaneously, their mean transmural LV filling
pressure, as gauged by the pulmonary artery occlusion
pressure (PAOP) or LV end-diastolic pressure (LVEDP),
increased from 7.5 = 5 mmHg to 24.5 = 13 mmHg (mean
+ SD). Furthermore, both LV and right ventricular vol-
umes, as measured by radionuclide angiocardiography,
increased significantly. Three patients with preexisting

LV wall motion abnormalities during MV demonstrated
worsening of wall motion abnormalities during SV. After
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10 min of SV, the esophageal pressure was reduced,
whereas cardiac index, heart rate, and central venous,
pulmonary artery, and mean systemic blood pressures
were increased.

The increases of PAOP and LVEDP associated with
the discontinuation of MV suggest that LV volume over-
load may result from redistribution of the blood volume
from peripheral to central cardiopulmonary compart-
ments.? Reduced intrathoracic pressure during SV also
can increase LV afterload.'”'® These hemodynamic
stresses produced by spontaneous, as opposed to positive-
pressure, ventilation could result in altered myocardial
perfusion and LV dysfunction.!'*?

Are areas demonstrating decreased initial 2 T1 uptake
and redistribution ischemic? An abnormal ?°'TI distri-
bution depends on the presence of inhomogeneous blood
flow at the time of 2°' T1 injection, and not on the presence
of myocardial ischemia per se.* Conceivably, areas with
decreased 2°' T1 uptake could represent regions with nor-
mal myocardial blood flow that are surrounded by zones
of abnormally increased flow. Such a situation might occur
when a coronary vasodilator is administered that increases
myocardial blood flow without concomitantly increasing
myocardial oxygen demand.

In our study, however, we increased several determi-
nants of myocardial oxygen demand (heart rate, arterial
blood pressure, and LV size) by discontinuing MV. Myo-
cardial blood flow should have increased throughout the
left ventricle in response to the increased oxygen demand.
Areas supplied by stenotic coronary arteries (resulting
from coronary atherosclerosis or spasm) might be unable
to increase myocardial blood flow sufficiently. Thallium-
201 uptake in such areas initially would be reduced in
comparison with that of adjacent normal regions and, un-
like infarcted regions with no blood flow, demonstrate
redistribution on subsequent delayed imaging. The zones
demonstrating 2! T redistribution we observed in 5 of
the 15 patients we studied during SV therefore most likely
represent areas of hypoperfusion relative to the oxygen
demands of the myocardium. Documentation of concom-
itant LV wall motion abnormalities or measurements of
myocardial metabolism in such patients would provide
useful confirmation of myocardial dysfunction or isch-
emia.

In our study, we did not observe any electrocardio-
graphic changes diagnostic of myocardial ischemia during
SV. Seven of the 15 patients we studied had received
digoxin, which might have obscured the diagnosis of isch-
emia by ST-segment criteria. Also, because the electro-
cardiograms were not recorded continuously throughout
the study, transient ST-segment changes may have been
missed.

Others have reported that electrocardiographic criteria
appear relatively insensitive to the occurrence of myo-
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cardial ischemia, as compared with other methods.®!? Le-
maire et al., examining lead II electrocardiograms of the
15 MV-dependent patients they studied, reported a lack
of electrocardiographic changes despite an increased
PAOP and LVEDP and worsening of LV wall motion
abnormalities during SV.! Higgmark et al., studying 53
patients with coronary artery disease who were under-
going major vascular surgery, reported that electrocar-
diography detected only 31 of 89 episodes (44%) of myo-
cardial ischemia diagnosed by cardiokymography, elec-
trocardiography, or myocardial lactate production.'?
Kleinman et al. reported a 45% incidence of positive 2°'T1
scans after tracheal intubation in patients undergoing
coronary artery bypass surgery even though the ST-seg-
ments of the V; electrocardiogram remained normal dur-
ing this period.® Similarly, Smith et al. reported new sys-
tolic LV wall motion abnormalities, suggesting myocardial
ischemia, in 24 of 50 patients undergoing major vascular
or cardiac surgery, whereas ST-segment changes were
documented in only 6 of the patients.?! Also, multiple
studies have documented that stress electrocardiography
is much less sensitive than thallium scintigraphy when it
is used to diagnose coronary artery disease.??

The high incidence of abnormal initial **'TI scans
(fixed defects) performed during MV in our study (13 of
14 patients studied on MV) is not surprising, given the
age of our patients and 7 patients with a history of cor-
onary artery disease.?? We believe the large number of
abnormal initial 2°*T1 images during MV resulted from
a high frequency of coronary artery disease in our MV-
dependent patient population.? Some of the fixed defects
also may be imaging artifacts created when photons are
attenuated by breast and chest wall tissue overlying the
heart. The appearance of additional ?°*TI defects or LV
dilation during SV (see table 1) probably reflects an in-
creased LV cavity size and wall stress and a concomitantly
increased oxygen demand in areas of myocardium sup-
plied by stenotic coronary arteries.

Visual interpretation of scintigraphic 2! T1 images can
be subject to considerable variability.?* Using multiple
observers or quantitative computer-driven programs can
reduce variability and increase the sensitivity and speci-
ficity of the test.”® To reduce the likelihood of overreading
the scans, we required that initial *** T1 defects be present
according to quantitative criteria and that the interpre-
tations of the observers agreed on two separate occasions.
The observers also were blinded as to the patients’ ven-
tilatory patterns and outcome. With this conservative ap-
proach, it is possible that the actual incidence of additional
perfusion abnormalities after the discontinuation of MV
is higher than the value reported in our study (46%).
Changes in the position of the patient and the orientation
of the heart may confound precise interpretation of 2°'T1
scans.?®?7 Our ability to minimize positional changes is
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evidenced by the close correlations of the quantitative
analyses of our ?*'TT scans (see figs. 2-4).

The survival rate of MV-dependent patients remains
poor. Spicher and White retrospectively examined the
courses of 250 patients who required a minimum of 10
days of mechanical ventilatory support and reported an
overall survival rate of 39.2% at hospital discharge.?® EI-
derly patients or those with preexisting cardiac or pul-
monary disease had the worst prognosis. Similar findings
have been reported by others.****{+ Our study confirms
the poor prognosis of MV-dependent patients (see table
3). After an average of 61 days of MV and $117,000 of
hospital charges, only 33% were separated successfully
from MV and discharged from the hospital. The patients
in our study were elderly, often had a prior history of
coronary artery disease or chronic obstructive pulmonary
disease, and required prolonged ventilatory support.
Healthier or younger patients might have had less diffi-
culty separating from MV and might have displayed less
dramatic changes of coronary perfusion during SV.

We conclude that the increased hemodynamic and
ventilatory stress of SV after the discontinuation of MV
was sufficient to induce changes of myocardial 2°'T1 up-
take or transient LV dilation, strongly suggesting myo-
cardial ischemia, in 7 of the 15 MV-dependent patients
(47%) we studied. These changes probably result from
both an increased LV preload and afterload occurring
with the discontinuation of MV. Such changes may be
clinically important and could impair successful separation
from MV. Pharmacologic and other interventions aimed
at improving coronary artery blood flow and reducing
LV wall stress during SV may play a beneficial role in the
recovery of patients dependent on MV. Lemaire et al.
reported that 9 of the 15 ventilator-dependent patients
they studied could be removed successfully from MV after
10 days of diuretic therapy.! Their patients’ body weights
decreased an average of 5 kg during this time. The efficacy
of therapies such as diuretic administration, aimed at re-
ducing hypervolemia, possibly in combination with va-
sodilator drugs such as nitrates or calcium channel-block-
ing agents, merits additional study.

The authors thank Frances Keech, RNMT, for her expert imaging
and technical assistance; Alan Fischman, M.D., for his assistance with
¥ITI scan interpretation; Richard Moore, Ph.D., for programming
and computer analysis; and Donna Wilson, RN, RRT, for assistance
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