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Acute cor pulmonale in acute respiratory distress syndrome
submitted to protective ventilation: Incidence, clinical

implications, and prognosis

Antoine Vieillard-Baron, MD; Jean-Marie Schmitt, MD; Roch Augarde, MD; J. L. Fellahi, MD; Sebastien Prin, MD;
Bernard Page, MD; Alain Beauchet, MD; Francois Jardin, MD

Context: The incidence of acute cor pulmonale (ACP), a fre-
quent and usually lethal complication of acute respiratory distress
syndrome (ARDS) during traditional respiratory support, has never
been re-evaluated since protective ventilation gained acceptance.

Objective: We performed a longitudinal transesophageal echo-
cardiographic (TEE) study to determine whether this incidence,
and its severe implications for prognosis, might have changed in
our unit as we altered respiratory strategy.

Design: Prospective open clinical study.

Setting: Medical intensive care unit of a university hospital.

Patients: Seventy-five consecutive ARDS patients given respi-
ratory support with airway pressure limitation (plateau pressure
=30 cm H,0).

Interventions: ACP was defined as a ratio of right ventricular
end-diastolic area to left ventricular end-diastolic area in the long
axis >0.6 associated with septal dyskinesia in the short axis
during TEE examination.

Results: Normal right ventricular function was present in 56
patients, whereas right ventricular dysfunction was observed in
19 patients after 2 days of respiratory support. ACP was associ-

ated with pulmonary artery hypertension, increased heart rate,
and decreased stroke index. Significant impairment of left ven-
tricular diastolic function was also seen. All echo-Doppler abnor-
malities were reversible in patients who recovered, and the mor-
tality rate was the same in both groups (32%). However, ACP
patients who recovered required a longer period of respiratory
support. A multivariate analysis individualized Paco2 level as the
sole factor independently associated with ACP, suggesting that
ACP development in ARDS is influenced by the severity of lung
damage and/or the respiratory strategy.

Conclusion: Evaluation of right ventricular function by TEE in a
group of 75 ARDS patients submitted to protective ventilation re-
vealed the persistence of a 25% incidence of ACP, resulting in
detrimental hemodynamic consequences associated with tachycar-
dia. However, ACP was reversible in patients who recovered and did
not increase mortality. (Crit Care Med 2001; 0:eee—eee)

Key Worps: acute cor pulmonale; acute respiratory distress
syndrome; circulatory failure; transesophageal echocardiography;
protective ventilation

ased on an echocardiographic

definition (1), massive pulmo-

nary embolism and acute re-

spiratory distress syndrome
(ARDS) are the two main causes of acute
cor pulmonale (ACP) in adults. ACP com-
plicating massive pulmonary embolism
has been found to be reversible in many
studies, and this reversibility, leading to a
high recovery rate with an adequate
treatment, has been documented by two-
dimensional echocardiography (2). Con-
versely, ACP complicating ARDS, which
was also documented by two-dimensional
echocardiography (3), was associated in
the past with high mortality (3-6). This
was consistent with previous anatomical
studies showing that ARDS irreversibly
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damages the pulmonary microvascula-
ture (7).

In recent years, protective ventilation,
with airway pressure limitation, has led
to major changes in respiratory support
of ARDS patients. A recent clinical study
performed in our unit demonstrated
marked improvement in ARDS survival
rate with this respiratory strategy (8).
Thus, in the present prospective study,
transesophageal echocardiography (TEE)
was used to update the exact prevalence,
clinical implications, and prognosis of
ACP in an ARDS population submitted to
protective ventilation.

PATIENTS AND METHODS

Patients. During a 5-yr period, from Janu-
ary 1996 to February 2001, among 934 pa-
tients free from prior cardiopulmonary disease
and requiring emergency mechanical ventila-
tion for an acute episode of respiratory failure,
75 met the ARDS criteria (9) on the first day of
respiratory support and were enrolled in a
longitudinal TEE study.

Monitoring and Severity Indexes. Hemody-
namic monitoring included heart rate by an
electrocardiographic lead, systemic arterial pres-
sure by an indwelling radial artery catheter, cen-
tral venous pressure, and continuous pulse
oxymetry. Daily transthoracic echocardiography
(TTE) was used to evaluate qualitatively both
right and left ventricular function and to mea-
sure cardiac output by the Doppler technique
(10). Additionally, the first TTE study performed
at admission, which was also the first day of
mechanical ventilation for each patient (day 1),
permitted exclusion of any previously undiag-
nosed chronic cor pulmonale.

On the third day (day 3) of mechanical
ventilation, we calculated the simplified acute
physiology score (SAPS II) (11), logistic organ
dysfunction score (LODS) (12), and lung in-
jury severity score (LISS) (13).

Circulatory failure, defined as hypotension
(systolic arterial pressure <90 mm Hg by in-
vasive monitoring) despite apparently ade-
quate fluid resuscitation (central venous pres-
sure >12 mm Hg) and requiring continuous
infusion of a vasoactive agent, was present in
59 cases at day 3. Vasoactive agents were used
at the lowest dosage permitting a systolic ar-
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terial pressure >90 mm Hg by invasive mon-
itoring. The amount of vasoactive agent used
at day 3 was scored as follows: 1 for use of
dopamine or dobutamine, regardless of the
dosage; 2 for use of epinephrine or norepi-
nephrine at a dosage <2 mg/hr; 3 for use of
the same agents at a dosage between 2 and 5
mg/hr; and 4 for use of the same agents at a
dosage >5 mg/hr.

The total fluid intake (including blood
products, intravenously administered fluids,
and enteral feedings) and output (including
diuresis and fluid loss by hemodiafiltration)
were carefully recorded, and permitted calcu-
lation of fluid balance (intake minus output)
during the first 2 days of mechanical ventila-
tion.

Respiratory Management. Mechanical ven-
tilation (MV) was initiated in the controlled
mode (Bennet 7200 respirator, Puritan-
Bennett, Carlsbad, CA), limiting end-inspira-
tory plateau pressure to 30 cm H,0, and in-
cluded a tidal volume (TV) of 6—-9 mL/kg and a
respiratory rate of 12-16 cycles/min. Positive
end-expiratory pressure (PEEP) was selected
as improving oxygenation without requiring
specific hemodynamic support, except for
blood volume expansion. The result of this
strategy was an average PEEP for the whole
group of 7 = 3 cm H,0 (range, 3-15 cm H,0).
To improve oxygenation without increasing
PEEP, ventilation in the prone position was
introduced at day 3 in 20 patients, because
Pao,/F10, remained at <100 mm Hg. During
MV in the controlled mode, patients were se-
dated with midazolam and sufentanyl, and
sometimes paralyzed with venocuronium.

TEE. TEE was performed on each patient
after 2 days of respiratory support (day 3) and
was repeated once a week during an observa-
tional period of 4 wks. In our intensive care
unit, right heart catheterization is never per-
formed, and TEE is systematically used to as-
sess the circulatory status of mechanically
ventilated patients, giving more accurate im-
ages than TTE in this setting. This protocol
was thus considered as a part of routine clin-
ical practice and no informed consent was
required from the patients’ next of kin, as
confirmed by the Clinical Research Ethics
Committee of the French Intensive Care So-
ciety.

Echo-Doppler studies were performed with
a Toshiba “Corevision” model SSA-350A
(Toshiba, Otawara-Shi, Japan) equipped with a
multiplane TEE transducer. Using the signal
from the respirator, airway pressure was dis-
played on the screen of the echo-Doppler de-
vice, accurately timing cardiac events during
the respiratory cycle, and permitting to aver-
age echo-Doppler measurements within the
respiratory cycle.

Before introducing the TEE probe, TTE
was performed by a subcostal approach to
measure inferior vena caval diameter and to
assess pulmonary artery systolic pressure
(PAPg), using the continuous-wave Doppler
technique (14), with saline injection to en-
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hance the signal from regurgitant flow when
inadequate (15). The planimetry of the area of
the color-coded regurgitant flow, when
present, was performed on this view (16).

The multiplane TEE transducer was then
positioned as follows:

1. To obtain the long-axis atrial plane, the
transducer was positioned in the esopha-
gus, the ultrasonic beam being perpendic-
ular to the interatrial septum at the level of
the fossa ovalis. From this plane, contrast
echocardiography was used to detect a
right-to-left shunt through a patent fora-
men ovale (17).

2. To obtain a four-chamber view of the car-
diac cavities. From this view, left ventricu-
lar (LV) and right ventricular (RV) areas (A)
were measured at end-diastole (ED) and at
end-systole (ES). From these measure-
ments, we calculated RV fractional area
contraction (FAC) as (RVEDA—RVESA)/
RVEDA, and RVEDA/LVEDA ratio. LVED
and LVES long axes were measured as the
distance from the apex to the midpoint of
the mitral valve ring, and LV volumes (V)
were calculated using the single-plane, ar-
ea-length formula (18). Ejection fraction
(EF) was calculated as (LVEDV—LVESV)/
LVEDV. Peak velocity of the E wave and the
A wave at the mitral level were also mea-
sured from this view by pulsed Doppler,
and were expressed as E/A ratio (19). For
this parameter, only the end-expiratory
value was considered.

3. A short-axis, cross-sectional view of the LV
at the mid-papillary muscle level was ob-
tained by a transgastric approach. From
these views, septal motion at end-systole/
early diastole was carefully examined to
detect any septal dyskinesia (SD). The latter
was defined as a septal movement toward
the left ventricular cavity center at the end-
systole/onset of diastole, producing septal
flattening or inverting septal curvature.

4. With the ultrasonic beam parallel to the
long axis of the pulmonary artery, the
Doppler sample volume was placed beyond
the pulmonary valve in the mid-lumen of
the pulmonary artery (PA), to record the PA
flow. From pulsed Doppler spectrum re-
cordings at a high speed of 5 cm/sec, we
measured peak velocity (V,,,,,), acceleration

time (AcT), deceleration time (DcT), and

flow period (FP). Mean acceleration

(Ac was calculated as V. /AcT.

mean) max

The initial TEE at day 3 permitted separa-
tion of the patients into two groups, according
to the absence (group 1) or presence (group 2)
of ACP, which was defined as a dilated RV on
the long-axis view (RVEDA/LVEDA >0.6) as-
sociated with SD on the short-axis view.
Within group 2, we also individualized a sub-
group of “severe” ACP, with a RVEDA/LVEDA
ratio >1.

Statistical Analysis. Statistical calculations
were performed using the Statgraphics plus

package (Manugistics, Rockville, MD). Data
are expressed as mean * 1 sp. Between-group
comparisons were performed using Student’s
t-test. A p value < .05 was considered as sta-
tistically significant. A least square linear re-
gression analysis was also performed when
appropriate.

We evaluated the predictive value for the
probability of ACP, defined as an RVEDA/LVEDA
ratio >0.6 associated with SD, of several baseline
variables, including the patient’s age, SAPS 1II,
LODS, blood gas analysis (Pao,/Fio,, Paco,), total
compliance (CT), TV, plateau pressure, PEEP,
and fluid balance at day 3. These variables were
compared between the groups, and variables
found to be significantly associated with RV di-
lation (» = .20) were entered into a logistic
regression model, which allows simultaneous
control of multiple factors. Adjusted odds ratio
(OR) of ACP and 95% confidence interval (CI)
were calculated for all independent significant
predictors of ACP.

RESULTS

Patient Characteristics, Etiology of
ARDS, and Incidence of ACP. The study
population included 75 patients, 56 men
and 19 women, with a mean age of 55 =+
16 yrs. Acute respiratory failure was
caused by extensive bacterial pneumonia
in 26 patients, aspiration pneumonia in
20 patients, septic shock of extrapulmo-
nary origin complicated by acute lung
injury in 25 patients, and miscellaneous
causes in 4 cases. No significant between-
group differences were observed in age,
SAPS II, or LODS (Table 1). Average LISS
was 2.6 = 0.5, with a significantly higher
value in group 2 (3 + 0.3 vs. 2.5 + 0.5 in
group 1). Numbers of quadrants involved
on chest radiograph was similar (3.3 =
0.8 in group 1 vs. 3.5 * 0.6 in group 2)

At the first TEE performed at day 3, 56
patients did not have ACP. These 56 pa-
tients constituted group 1, in which the
average RVEDA/LVEDA ratio was 0.54 =+
0.12. On the same day, 19 patients exhib-
ited ACP. These 19 patients constituted
group 2, in which the average RVEDA/
LVEDA ratio was 0.87 = 0.23. Thus, the
overall incidence of ACP was 25%. In
group 2, four patients had a RVEDA/
LVEDA ratio >1, and were individualized
as “severe” ACP. Figure 1 shows a char-
acteristic TEE pattern of ACP.

Pulmonary Circulation and RV Func-
tion. Echo-Doppler parameters of RV
function are presented in Table 2. Signif-
icant between-group differences were
noted: compared with group 1, group 2
was characterized by an elevated PAPg,
enlarged RV dimensions, and increased
inferior vena caval diameter. No between-
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Table 1. Individual predictors of acute cor pulmonale (ACP) Univariate analysis yielded all factors
significantly associated with ACP (second column). Multivariate analysis including all these factors by
logistic regression individualized factors independently associated with ACP (third column).

Table 2. Echo-Doppler evaluation of pulmonary
artery hypertension and right ventricular func-
tion

Univariate ~ Multivariate Group 1 Group 2
Group 1 Group 2 p p OR (CI) (n = 56) (n = 19)
Age, yrs 56 + 16 52 + 17 NS PAP,, mm Hg 27 + 9¢ 47 + 8
SAPS 11 55+ 17 49 + 16 NS TR, cm? 0.2 +0.5 22+ 15°
LODS 10.1 =4 9.9 +3.4 NS IVCgiprm, mm 17+ 6 23 = 5°
RVEDA, cm? 85+2.0 12.8 = 3.6°
Pao,/F10,, mm Hg 115 + 32 87 =24 .001 NS RVESA, cm? 55+ 1.9 8.9 +2.9°
Paco,, mm Hg 47+9 64 = 12 .000003 .0001 1.15 (1.05-1.25)  RVFAC, % 36 =11 31+11
Vi M/sec 0.78 = 0.20 0.82 = 0.21
CT, mL/cm H,0 37+11 3112 NS AcT, msec 91 + 26 76 + 27
TV, mL/kg 8+1 8+1 NS DcT, msec 167 = 50 168 + 40
Plateau, cm H,0 23+5 27+ 4 .004 NS FP, msec 259 = 52 244 + 32
PEEP, cm H,0 6+3 9+4 .0003 NS AC,ean, M/seC 9.6 + 4.6 129 + 6.4
Fluid balance, mL 2300 + 2400 3200 = 2000 NS PAP,, pulmonary artery systolic pressure by

OR, odds ratio; CI, 95% confidence interval; SAPS, simplified acute physiology score; LODS,
logistic organ dysfunction score; CT, total compliance; TV, tidal volume; PEEP, positive end-expiratory
pressure.
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Figure 1. The characteristic echocardiographic patterns of acute cor pulmonale by transesophageal
echocardiography. In the upper panel, right ventricular (RV) dilation is observed by a long-axis view,
at end-diastole (/eft) and end-systole (right). Also note the reduced size of the left ventricle (LV). In the
lower panel, septal dyskinesia is observed, in the same patient, by a short-axis view: at end-systole/early
diastole (right) the interventricular septum (/VS) is shifted toward the LV cavity center, and the septal
curvature is inverted (arrow). TP, tracheal pressure.

Systemic Hemodynamics and LV

group difference was observed in RVFAC,
which was not correlated with PAPg (r =
.28, p = .37). Between-group comparison
did not reveal significant difference in
pulmonary artery flow characteristics. A
patent foramen ovale was evidenced in
only one patient of group 1, and was
never present in group 2 patients.

Crit Care Med 2001 Vol. 29, No. 8

Function. General hemodynamic param-
eters and echo-Doppler parameters of LV
function are presented in Table 3.
Whereas no significant between-group
differences were observed at day 3 in sys-
tolic arterial pressure or in cardiac index,
group 2 patients had a significantly lower
Doppler stroke index, despite a signifi-

continuous wave Doppler; TR, area of tricuspid
regurgitation by color Doppler; IVCy,,,, inferior
vena caval diameter; RVEDA, right ventricular
end-diastolic area; RVESA, right ventricular end-
systolic area; RVFAC, right ventricular fractional
area contraction; V,,,,, peak velocity of pulmo-
nary artery flow; AcT, acceleration time of the
pulmonary artery flow; DcT, deceleration time of
the pulmonary artery flow; FP, flow period (du-
ration) of the pulmonary artery flow; AC,.can,
mean acceleration of the pulmonary artery flow.

“An adequate measurement of PAP,, which
was easily obtained in the 19 patients of group 2,
was only obtained in 22 patients of group 1; % <
.05.

cantly increased central venous pressure,
and exhibited a significant increase in
heart rate. Compared with group 1, group
2 patients had a significantly reduced
LVEDV, associated with an abnormal LV
filling pattern with a predominant A
wave. Characteristic reduction in LV di-
mensions is illustrated in Figure 1.

Clinical Implications. The need for va-
soactive agents at day 3, evaluated by our
previously mentioned score, was similar
in both groups (2.1 = 1.5and 2.6 = 1.4
in groups 1 and 2, respectively). Also, no
significant between-group differences
were noted in fluid balance during the
first 48 hrs of respiratory support.

Predictors of RV dilation are presented
in Table 1. Among parameters significantly
associated with ACP, only Paco, was a sig-
nificant individual predictor of ACP.

As explained in the “Methods” section,
ventilation in the prone position was in-
troduced at day 3 in 20 patients (8 in
group 1 and 12 in group 2) and markedly
improved Pao,/F10,. This strategy, which
was significantly more frequently used in
group 2 (63% vs. 14% in group 1) per-
mitted an immediate PEEP reduction in
the patients concerned (from 12 = 3to 6
+ 2 cm H,0).
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Table 3. Systemic hemodynamic measurements
and echo-Doppler evaluation of left ventricular
function

Group 1 Group 2

(n = 56) (n=19)
HR, beats/min 96 = 19 112 + 164
SAP, mm Hg 114 + 23 123 £ 25
CVP, mm Hg 12 £3 16 = 3¢
SI, cm®/m? 32+9 25+ 94
CI, L/min/m? 3.1+09 2.7+0.9
LVEDV, cm®/m? 60 = 16 50 + 15¢
LVESV, cm®/m? 22 +10 24 + 10
LVEF, % 53 +11 51 £ 16
E/A ratio, % 13+04 0.8 +0.2°

HR, heart rate; SAP, systolic arterial pressure
by invasive radial monitoring; CVP, central ve-
nous pressure; SI, stroke index by Doppler mea-
surement at the level of the left ventricular out-
flow tract; CI, cardiac index; LVEDV, left
ventricular end-diastolic volume; LVESV, left
ventricular end-systolic volume; LVEF, left ven-
tricular ejection fraction; E/A ratio, ratio of re-
spective early (E) and late (A) peak velocities at
the mitral level.

ap < .05.

Prognosis Implications of ACP. The
average mortality rate for the whole
group was 32%. This mortality rate
seemed not to be influenced by the pres-
ence of ACP, because both groups also
had a 32% mortality rate. The subgroup
of patients with “severe” ACP (four cases
in whom RVEDA/LVEDA ratio was >1)
had a mortality rate of 25%.

The average duration of mechanical
ventilation for the whole group was 16 =
11 days, with a nonsignificant between-
group difference (15 = 10 and 20 * 16
days in groups 1 and 2, respectively).
However, the number of days of unas-
sisted ventilation during the observa-
tional period of 28 days was significantly
larger in group 1 (9 = 9 vs. 4 = 5 in
group 2). Accordingly, patients in group 2
who recovered required a longer duration
of mechanical ventilation.

The evolution of ACP during the lon-
gitudinal TEE study is illustrated in Fig-
ure 2. Echocardiographic abnormalities
progressively disappeared in patients who
recovered.

DISCUSSION

Pulmonary hypertension in ARDS was
first described in 1977 by Zapol and
Snider (20), who focused on the abnor-
mal increase in pulmonary vascular resis-
tance observed in this syndrome, and
demonstrated a consequent increase in
RV stroke work index. LV impairment
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Figure 2. Change in acute cor pulmonale (ACP)
incidence during the longitudinal study. The
number (n) of patients is shown on the y-axis.
The observational period is shown on the x-axis,
which each group of columns representing a
transesophageal echocardiography (TEE) evalua-
tion. Alive, number of patients still alive; MV,
number of patients still on mechanical ventila-
tion, the difference between these two columns
being the number of patients definitively weaned
from respiratory support; ACP, number of pa-
tients still presenting ACP on TEE; D, day.

was also noted (20), and progressive RV
dilation was advocated to explain the pro-
gressive and refractory circulatory failure
observed in these patients after several
days on respiratory support (21). Other
studies have confirmed these findings
(3-6, 22). In particular, RV dilation was
illustrated by radionuclide angiography
(23) and by two-dimensional echocardi-
ography (3). Before 1990, pulmonary ar-
tery hypertension and RV dilation ob-
served in ARDS were associated with a
poor prognosis (3—6), and progressive
and irreversible obstruction of pulmo-
nary microcirculation was considered a
hallmark of the syndrome (4).

We have previously described the
echocardiographic patterns of ACP and
defined RV dilation as an RVEDA/LVEDA
ratio >0.6 in a long-axis view (1). How-
ever, a moderate RV dilation does not
necessarily denote RV dysfunction. But
when RV dilation is associated with septal
dyskinesia, it reflects the presence of
right ventricular pressure overload (24—
26). In this group of 75 ARDS patients
submitted to protective ventilation, we
found by TEE an ACP prevalence of 25%,
with a progressive return to a normal
echocardiographic pattern over days or
weeks when patients recovered from
ARDS. This study also emphasized the
clinical implication of the presence of
ACP in ARDS. By impairing LV diastolic
filling, RV dysfunction significantly re-
duced LV stroke output, and cardiac out-
put was maintained by marked tachycar-
dia in these patients.

A fundamental question raised by this
study is the respective responsibility of
ARDS per se, and of respiratory support,
in determining ACP in this setting. The

e have ob-

served a preva-

lence of acute
cor pulmonale of 25% during
transesophageal echocardiog-
raphy performed during respi-
ratory support in a group of
75 acute respiratory distress
syndrome patients under-
going mechanical ventila-
tion with airway pressure

limitation.

only independent factor related to ACP in
the present study was Paco,, a parameter
influenced by the severity of lung dam-
age. However, this factor is also influ-
enced by the respiratory strategy limiting
TV. One may also wonder about the rel-
ative impact on ACP recovery of the spon-
taneous course of the syndrome and the
respiratory strategy. Our present data do
not provide any definitive answer. Tra-
cheal intubation was decided in emergen-
cies and it was usually not possible to
explore RV by TEE before mechanical
ventilation. And because we have long
considered PEEP as an afterloading factor
for RV (27), ventilation in the prone po-
sition has been systematically initiated at
day 3 when Pao,/Fi0, remained <100
mm Hg, allowing PEEP to be reduced.
But this strategy, guided by the impera-
tive of limiting RV load, precluded any
conclusion regarding its exact impact on
ACP recovery. It should, however, be
noted that we had to use this strategy
more often when ACP was present.
Historic studies using right heart
catheterization have associated pulmo-
nary hypertension in ARDS with a poor
prognosis (3—6). Right heart catheteriza-
tion, which accurately measures pulmo-
nary artery pressure, cannot detect ACP
with the same accuracy as echocardiog-
raphy because the level of pulmonary hy-
pertension producing RV afterloading
may vary from patient to patient. In 1985,
we used a transthoracic approach in the
only echocardiographic study in ARDS

Crit Care Med 2001 Vol. 29, No. 8



submitted to a conventional respiratory
support without airway pressure limita-
tion (3). In this historic study, we ob-
served a 61% prevalence of ACP, and a
clear impact of this complication on mor-
tality rate (57% vs. 33% in patients free
from ACP) (3). Tidal ventilation often re-
sults in interposition of the lung between
the heart and probe, and we now prefer
the transesophageal approach, which per-
mits a perfect RV examination through-
out the respiratory cycle. The present
study suggests that the frequency of ACP
in ARDS might have declined. In our
opinion, this decline might be explained
in part by fundamental alterations in re-
spiratory support. Normocapnic ventila-
tion was our guiding principle 15-20 yrs
ago, and was obtained with high TVs
(>12 mL/kg) (8). In a recent clinical
study, we have clearly individualized TV
as a significant afterloading factor for the
RV (28), and protective ventilation is cur-
rently used in our unit. However, the
present study also suggested some limits
to this strategy, because the degree of
hypercapnia was significantly associated
with ACP. Experimentally, hypercapnia
impairs performance of an afterloaded RV
(29).

In conclusion, we have observed a
prevalence of ACP of 25% during TEE
performed during respiratory support in
a group of 75 ARDS patients undergoing
mechanical ventilation with airway pres-
sure limitation. This potentially revers-
ible complication of acute pulmonary hy-
pertension necessitated a longer period of
assisted ventilation before recovery and,
with our respiratory strategy, a more fre-
quent use of prone positioning. With
these requirements, however, ACP did
not have a negative influence of final re-
covery in the present cohort.

REFERENCES

1. Jardin F, Dubourg O, Bourdarias JP: Echo-
cardiographic pattern of acute cor pulmo-
nale. Chest 1997; 111:209-217

2. Jardin F, Dubourg O, Guéret P, et al: Quan-
titative two-dimensional echocardiography
in massive pulmonary embolism: Emphasis
on ventricular interdependence and leftward
septal displacement. J Am Coll Cardiol 1987;
10:1201-1206

Crit Care Med 2001 Vol. 29, No. 8

10.

11.

12.

13.

14.

15.

16.

. Jardin F, Gueret P, Dubourg O, et al: Two-

dimensional echocardiographic evaluation of
right ventricular size and contractility in
acute respiratory failure. Crit Care Med 1985;
13:952-956

. Jardin F, Gurdjian F, Fouilladieu JL, et al:

Pulmonary and systemic hemodynamic dis-
orders in the adult respiratory distress syn-
drome. Intensive Care Med 1979; 5:127-133

. Villar J, Blazquez M, Lubillo S, et al: Pulmo-

nary hypertension in acute respiratory fail-
ure. Crit Care Med 1989; 17:523-526

. Squara P, Dhainaut JF, Artigas A, et al: Re-

sults of the European Collaborative ARDS
Study. Intensive Care Med 1998; 24:
1018-1028

. Zapol W, Jones R: Vascular component of

ARDS: Clinical pulmonary hemodynamics
and morphology. Am Rev Respir Dis 1987;
136:471-474

. Jardin F, Fellahi JL, Beauchet A, et al: Im-

proved prognosis of acute respiratory distress
syndrome 15 years on. Intensive Care Med
1999; 25:936-941

. Bernard G, Artigas A, Brigham M, et al: The

American-European Consensus Conference
on ARDS. Definition, mechanisms, relevant
outcomes, and clinical trial coordination.
Am J Respir Crit Care Med 1984; 149:
818-824

Lewis J, Kuo L, Nelson J, et al: Pulsed Dopp-
ler echocardiographic determination of
stroke volume and cardiac output: Clinical
validation of two new methods using the
apical window. Circulation 1984; 70:
425-431

Le Gall JR, Lemeshow S, Saulnier F: A new
simplified acute physiology score (SAPS II)
based on a European/North American multi-
center study. JAMA 1993; 270:2957-2963

Le Gall JR, Klar J, Lemeshow S, et al: The
logistic organ dysfunction system: A new way
to assess organ dysfunction in the intensive
care unit. JAMA 1996; 276:802—-810

Murray J, Matthay M, Luce J, et al: An ex-
panded definition of the adult respiratory dis-
tress syndrome. Am Rev Respir Dis 1988;
138:720-723

Yock P, Popp R: Noninvasive estimation of
right ventricular systolic pressure by Doppler
ultrasound in patients with tricuspid regur-
gitation. Circulation 1984; 70:657—662
Himelman R, Stulbarg M, Kircher B, et al:
Noninvasive evaluation of pulmonary artery
pressure during exercise by saline-enhanced
Doppler echocardiography in chronic pulmo-
nary disease. Circulation 1989; 79:863-871
Miyatake K, Okamoto M, Kinoshita N, et al:
Evaluation of tricuspid regurgitation by
pulsed Doppler and two-dimensional echo-
cardiography. Circulation 1982; 66:777-784

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Konstadt S, Louie E, Black S, et al: Intraop-
erative detection of patent foramen ovale
by transesophageal echocardiography.
Anesthesiology 1991; 74:212-216

Triulzi M, Wilkins G, Giliam L, et al: Normal
adult cross-sectional echocardiographic val-
ues: Left ventricular volumes. Echocardiog-
raphy 1985; 2:153-169

Cohen G, Pietrolungo J, Thomas J, et al: A
practical guide to assessment of ventricular
diastolic function using Doppler echocardi-
ography. J Am Coll Cardiol 1996; 27:
1753-1760

Zapol W, Snider M: Pulmonary hypertension
in severe acute respiratory failure. N Engl
J Med 1977; 296:476-480

Laver M, Strauss W, Pohost G: Right and left
ventricular geometry: Adjustment during
acute respiratory failure. Crit Care Med 1978;
7:509-519

Zimmerman G, Morris A, Cengiz M: Cardio-
vascular alterations in the adult respiratory
distress syndrome. Am J Med 1982; 73:25-34
Sibbald W, Driedger A, Myers M, et al: Biven-
tricular function in the adult respiratory dis-
tress syndrome. Hemodynamic and radionu-
clide assessment with special emphasis on
right ventricular function. Chest 1983; 84:
126-134

King M, Braun H, Godblatt A, et al: Interven-
tricular septal configuration as a predictor of
right ventricular systolic hypertension in
children: A cross-sectional echocardio-
graphic study. Circulation 1983:68:68-75
Louie E, Rich S, Brundage B: Doppler echo-
cardiographic assessment of impaired left
ventricular filling in patients with right ven-
tricular pressure overload due to primary
pulmonary hypertension. J Am Coll Cardiol
1986; 8:1298-1306

Jessup M, St. John Sutton M, Weber K, et al:
The effect of chronic pulmonary hyperten-
sion on left ventricular size, function, and
interventricular septal motion. Am Heart J
1987; 113:1114-1122

Jardin F, Farcot JC, Boisante L, et al: Influ-
ence of positive end-expiratory pressure on
left ventricular performance. N Engl J Med
1981; 304:387-392

Vieillard-Baron A, Loubieres Y, Schmitt JM,
et al: Cyclic changes in right ventricular out-
flow impedance during mechanical ventila-
tion. J Appl Physiol 1999; 87:1644-1650
Rose E, Van Benthuysen K, Jackson T, et al:
Right ventricular performance during in-
creased afterload impaired by hypercapnic
acidosis in conscious dogs. Circ Res 1983;
52:76—84

1555



