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Assessment of Right Ventricular Function With
CT and Echocardiography in Patients With
Severe Acute Respiratory Distress Syndrome
on Extracorporeal Membrane Oxygenation

OBIJECTIVES: Changes in right ventricular size and function are frequently
observed in patients with severe acute respiratory distress syndrome. The
majority of patients who receive venovenous extracorporeal membrane
oxygenation undergo chest CT and transthoracic echocardiography. The
aims of this study were to compare the use of CT and transthoracic echo-
cardiography to evaluate the right ventricular function and to determine the
prevalence of acute cor pulmonale in this patient population.

DESIGN: Observational, retrospective, single-center, cohort study.

SETTING: Severe respiratory failure and extracorporeal membrane oxy-
genation center.

PATIENTS: About 107 patients with severe acute respiratory distress syn-
drome managed with venovenous extracorporeal membrane oxygenation.

INTERVENTIONS: Chest CT to evaluate right ventricular size and trans-
thoracic echocardiography to evaluate right ventricular size and function.

MEASUREMENTS AND MAIN RESULTS: All 107 patients had a
qualitative assessment of right ventricular size and function on transtho-
racic echocardiography. Quantitative measurements were available in
54 patients (50%) who underwent transthoracic echocardiography and
in 107 of patients (100%) who received CT. Right ventricular dilatation
was defined as a right ventricle end-diastolic diameter greater than left
ventricular end-diastolic diameter upon visual assessment or an right ven-
tricle end-diastolic diameter/left ventricular end-diastolic diameter and/or
right ventricle cavity area/left ventricular cavity area of greater than 0.9.
Right ventricle systolic function was visually estimated as being normal
or impaired (visual right ventricular systolic impairment). The right ven-
tricle was found to be dilated in 38/107 patients (36%) and in 58/107
patients (54%), using transthoracic echocardiography or CT right ven-
tricle end-diastolic diameter/left ventricular end-diastolic diameter, re-
spectively. When the CT right ventricle cavity/left ventricular cavity area
criterion was used, the right ventricle was dilated in 19/107 patients
(189%). About 33/107 patients (31%) exhibited visual right ventric-
ular systolic impairment. Transthoracic echocardiography right ventricle
end-diastolic diameter/left ventricular end-diastolic diameter showed
good agreement with CT right ventricle cavity/left ventricular cavity area
(R?=0.57; p<0.01). A CT right ventricle cavity/left ventricular cavity area
greater than 0.9 provided the optimal cutoff for acute cor pulmonale on
transthoracic echocardiography with an AUC of 0.78. Acute cor pulmonale
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was defined by the presence of a right ventricle
“D-shape” and quantitative right ventricle dilatation
on transthoracic echocardiography or a right ven-
tricle cavity/left ventricular cavity area greater than
0.9 on CT. A diagnosis of acute cor pulmonale was
made in 9/54 (14% patients) on transthoracic ech-
ocardiography and in 19/107 (18%) on CT.

CONCLUSIONS: Changes in right ventricular size
and function are common in patients with severe
acute respiratory distress syndrome requiring veno-
venous extracorporeal membrane oxygenation with
up to 18% showing imaging evidence of acute cor
pulmonale. A CT right ventricular cavity /left ventric-
ular cavity area greater than 0.9 is indicative of im-
paired right ventricular systolic function.

KEY WORDS: acute cor pulmonale; cardiac
failure; heart-lung interactions; respiratory failure

syndrome (ARDS) (1), who are refractory to

conventional ventilatory management, may re-
ceive venovenous extracorporeal membrane oxygena-
tion (VV-ECMO) to substitute or support inadequate
pulmonary gas exchange, while reducing the intensity
of mechanical ventilation and, therefore, the likeli-
hood of ventilator-induced lung injury (2). Acute cor
pulmonale (ACP) is a morphologic and functional al-
teration of the right ventricle in response to an acute
increase in the right ventricular (RV) afterload due to
primary respiratory pathology (3).

ACP can be defined by the presence of RV dilatation
and dyskinesia of the intraventricular septum (para-
doxical septal motion) (4-6). Most studies assessing
ACP in ARDS have used transesophageal echocardi-
ography (4). However, transthoracic echocardiography
(TTE) is noninvasive and widely available, and most
normal values are validated with TTE (3, 7). It never-
theless comes with challenges of suboptimal acoustic
windows in some critically ill patients (8). This has led
to the growing interest in the assessment of RV size
using CT in patients with acute respiratory failure (par-
ticularly in patients with acute pulmonary embolism)
(9, 10). ACP is a known complication in patients with
severe ARDS who are mechanically ventilated and has
been associated with significant mortality and mor-
bidity (11, 12). There is a lack of clinical data on the
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prevalence of RV morphologic and functional changes
in patients with severe ARDS receiving VV-ECMO.
The aims of this study were first to compare RV mor-
phologic and functional changes detected upon CT and
TTE and second to describe the prevalence of ACP in
patients with severe ARDS receiving VV-ECMO.

MATERIALS AND METHODS

We conducted an exploratory retrospective single-cen-
ter cohort study of patients managed with VV-ECMO
by the severe respiratory failure and ECMO service
at Guy’s and St Thomas Hospital, London (United
Kingdom), between January 2011 and March 2015,
who had a standardized CT scan as well as a TTE
after initiation of ECMO support. The study had in-
stitutional approval (institutional research governance
reference number: 11145). The need for individual in-
formed consent was waived, as this was a retrospec-
tive analysis of data collected prospectively for usual
clinical care, with no breach of privacy or anonymity.
The study qualified as a service evaluation as defined
by the UK. National Health Service Health Research
Authority, and therefore did not require review by the
Research Ethics Committee.

Our ECMO center serves a population of ~17 million.
Criteria for VV-ECMO are a Murray’s Lung Injury Score
greater than or equal to 3 (composite score of lung infil-
tration quadrants on chest x-ray, lung compliance, Pao,/
F10,, and positive end-expiratory pressure (PEEP) [13]),
or a pH less than 7.20 due to hypercapnia refractory to
conventional ventilation. Patients with chronic severe
pulmonary hypertension, or progressive and nonrecov-
erable diseases (e.g., advanced cancer, heart diseases,
and respiratory diseases) were not deemed suitable
for ECMO support. Treatment decisions are made by
senior intensivists with specialty training in ECMO. All
the patients included in this analysis were commenced
on VV-ECMO (Cardiohelp, Getinge, Rastatt, Germany)
at the referring hospital (and subsequently transferred
to our center). Our mobile ECMO retrieval process has
been described previously (14, 15).

In the absence of evidence from clinical trials estab-
lishing the best ventilation strategy, all patients were
ventilated with the same protocol regardless of the de-
gree of lung recruitability, using pressure-controlled
ventilation, with a PEEP of 10cm H, 0O, a plateau pres-
sure of 20cm H,O, with a frequency of 10 breaths x
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min™ for the first 24-48 hours, and, subsequently,
according to the treating clinician.

Demographic data including comorbidities, res-
piratory variables, arterial blood gas analysis, and
vasopressor support prior to initiation of extracor-
poreal support were extracted from electronic med-
ical records (CareVue, Koninklijke Philips N.V,
Amsterdam, Netherlands).

Transthoracic Echocardiography

TTE was performed with Vingmed system 5, 7, 9
(GE Medical, Milwaukee, WI) and Philips “Epiq
7”7 (Koninklijke Philips N.V.) cardiac ultrasound
machines. All studies were performed by intensiv-
ists, cardiologists, or specialized cardiac physiologists
trained in echocardiography. For the purposes of this
study, we elected to use a basal RV end-diastolic diam-
eter (RVd): left ventricular (LV) end-diastolic diameter
(LVA) of greater than 0.9 to define RV dilatation. This
threshold has been previously validated as an optimal
cutoff for predicting mortality in acute pulmonary em-
bolism (16). The assessment of RV systolic function
was visually made by integrating radial contraction
with tricuspid annulus long-axis excursion and graded
in a binary fashion as being normal or impaired (visual
right ventricular systolic impairment [VRVSI]). Where
quantitative evaluation was available RV systolic im-
pairment was defined as a reduction in the tricuspid
annular plane systolic excursion (TAPSE) (< 17 mm)
or peak systolic velocity of tricuspid annulus de-
rived by pulsed-wave Doppler tissue imaging (S TDI
< 9.5cm/s) (17). ACP was defined as end-diastolic RV
dilatation with paradoxical septal-movement (3).

CT Scan

All patients underwent a standardized CT protocol
following ECMO cannulation. This CT protocol is a
standard of care in our institution and consists of: a
noncontrast brain; a volume-contrast chest, abdomen,
and pelvis CT; and a “recruitment CT” performed at
low (5cm H,0) and high (45cm H,0) airway pressure.
This protocol has been previously described (18, 19).
All CT scans were reviewed by an independent con-
sultant radiologist.

CT scan measurements at baseline airway pressure
were performed using Osirix Version 5.7 64-bit (Pixmeo
SARL, Bernex, Switzerland)—a multidimensional
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image navigation and display software (provided under
the GNU open-source licensing agreement) (20). The
vascular structures (main pulmonary artery diameter,
right and left pulmonary artery diameter, and ascending
aorta diameter) were measured in an axial image using
abdominal windowing for contrast enhancement (21).
From the axial images, multiplanar reformatted recon-
structions were made of the four-chamber view. This
was achieved by placing the cross hairs over the mitral
valve annulus and rotating the axis to the apex of the
left ventricle. Once this had been done in the short-
axis imaging plane, the cross hairs were rotated to the
RV free wall to give simultaneous images of the two-
chamber, short-axis, and four-chamber views. From
the four-chamber view, the areas of the left ventricular
cavity area (LVa) and right ventricular cavity area (RVa)
were measured along with the internal dimension from
the endocardium at the mid septum to the endocar-
dium of the corresponding RV or LV free wall on the
same image (LVd and RVd, respectively). The right-to-
left ventricle diameter (RVd/LVd > 0.9 or > 1) or area
(RVa/LVa > 0.9) ratio were used as a measure of RV dil-
atation. Given the lack of data on the best cutoff value
for RVd/LVd ratio to predict RV systolic impairment,
we explored 0.9 and 1 as potential thresholds against a
visual assessment of RV function on TTE. Furthermore,
lung volumes were measured in transversal view using
lung filter, selecting region of interest, and merging aer-
ated areas at different levels for low and high PEEP, re-
spectively (22).

Statistical Analysis

The mean and sp were used for all normally distrib-
uted data and the median and interquartile range for
nonparametrically distributed data. A chi-square test
was used to evaluate the frequencies among categorical
variables and the Mann-Whitney U test to compare
independent measures of nonparametrically distrib-
uted variables. We used the Spearman rank correla-
tion to explore the association between the TTE and
CT findings. Furthermore, linear regression and the
Bland-Altman analysis for assessing agreement be-
tween two methods of clinical measurements, a par-
ametric approach based on exploration of variance,
were employed to assess agreement in identifying ACP.
The related results were expressed as bias and limits
of agreement (23). Receiver-operating-characteristic
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(ROC) curves were constructed using logistic regres-
sion models for the CT RVa/LVa and the CT RVd/Lvd
ratio, respectively, to determine the cutoff value that
yielded the largest discriminating power in terms of
combined sensitivity and specificity for RV systolic
impairment as well as ACP on TTE. A p value of less
than 0.05 was considered to be statistically significant.
Statistical analyses were performed using STATA v 16
(StataCorp LLC, College Station, TX).

RESULTS

A total of 183 consecutive patients with severe ARDS
who were established on ECMO during the study pe-
riod were screened for eligibility. Seventy-four patients
were excluded as they had either lacking or incomplete
CT imaging (i.e., only on low pressures) or did not un-
dergo TTE. Consequently, 107 patients with both TTE
and CT were included in the study. The demographic
data, comorbidities, and clinical variables prior to ini-
tiation of VV-ECMO are presented in Table 1.

Right Ventricular Morphology and Function on
TTE

The mean time to TTE after ECMO cannulation was
1.3 (£2.3) days (all CT scans were performed on the
day of ECMO cannulation as per protocol). RV abnor-
malities were found in 50 of 107 patients (47%) using
TTE. The findings were of RV dilatation and/or im-
pairment of RV systolic function (i.e., vVRVSI, RVd/LVd
of > 0.9, TAPSE < 17mm, and/or S TDI < 9.5cm/s).
In 54 patients who had quantitative measurements of
RV size, nine (17%) had an RVd/LVd > 0.9. RV sys-
tolic function was visually impaired (vRVSI) in 33 of
the 107 patients (31%). There was a significant differ-
ence in TAPSE between the patients who had and who
had no RV impairment based on binary visual assess-
ment (VRVSI) 1.6cm (1.2-1.95¢cm) versus 2cm (1.75-
2.4cm) (median [95% CI]—p = 0.03). Patients with
VRVSI had significantly lower S’ TDI: 0.09 (0.07-0.13)
versus 0.14 (0.13-0.19) (median [95% CI]—p = 0.011).
Of the 49 patients with quantitative data, seven (14%)
satisfied the criteria of ACP (Table 2).

Right Ventricular Morphology on CT

Quantification of the RV and LV was possible in all 107
patients on CT (Table 2). Using a cutoff value of RVd/
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Lvd > 0.9, RV dilatation was present in 58 patients
(54%). This proportion decreased to 36 patients (34%),
when a higher threshold of greater than 1 was used.
When thresholds for cavity area measurements were
used, RV dilatation was less frequent compared with
using thresholds for diameter: 19% and 9% if using an
RVa/LVa > 0.9 or RVa/LVa > 1, respectively. The ad-
ditional measurements made from the CT scans are
shown in the Supplemental Digital Content (http://
links.Iww.com/CCX/A507).

The Relationship Between Echocardiographic
and CT Markers of RV Dysfunction

Linear regression curves for RVd/LVd on TTE, and
RVa/LVaand RVd/LVdratios on CT, respectively, were
constructed (Figs. 1A and 2A). Bland-Altman anal-
ysis comparing RVd/LVd ratio on CT and TTE showed
a bias of -0.13 and limits of agreement -0.35 to 0.22
(n=52)(Fig.1B).Theratiobetweentherightandtheleft
ventricle areas (RVa/LVa) measured on CT scan cor-
related with TTE-measured RVd/LVd ratio (R*>=0.57;
p <0.01) and Bland-Altman analysis of these showed
a bias of 0.0079 (limits of agreement 0.416 to 0.431)
(n = 52) (Fig. 2B). A univariate logistic model
(n = 107) showed an RVa/LVa ratio of 0.8260 as the
best cutoft for the prediction of vVRVSI on TTE, with
an area under the ROC curve of 0.64. The odds ratio
(OR) for predicting vRVSI from the CT RVa/LVa was
3.11 (95% CI, 0.62-5.60; p = 0.014). The given cutoff
provided a sensitivity of 48.5% and a specificity of
75.7% (positive predictive value [PPV] 47.1%, neg-
ative predictive value [NPV] 76.7%). Furthermore,
univariate logistic regression (n = 49) assessing the
diagnostic value of the RVa/LVa ratio measured by
CT to predict the diagnosis of ACP on TTE showed
an RVa/LVa ratio of 0.8807 (subsequently rounded
to 0.9) as the best cutoft with an area under the ROC
curve of 0.78. The OR for predicting ACP on TTE
from the CT RVa/LVa was 8.03 (95% CI, 2.19-13.87;
p = 0.007). The given cutoff provided a sensitivity
of 57.1% and a specificity of 90% (PPV 50.0%, NPV
92.7%). Subsequently, an RVa/LVa ratio of 0.9 was
employed as a marker of ACP on CT in this popu-
lation. Of the 107 patients, 19 (18%) exceeded this
threshold and were attributed as having ACP on CT.
Eleven of these 19 patients (58%) showed signs of RV
impairment on TTE.
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TABLE 1.

Baseline Demographic and Physiologic
Data of Patients Subsequently Commenced
on Venovenous Extracorporeal Membrane

Oxygenation Support
Mean (sb)

Baseline at Referral or n (%)
n 107
Age 45.3 (13.7)
Sex (female) 2 (39%)
Body mass index (kg/m?) 29.4 (8.8)
Plateau pressure (cm H,O) 33.6 (5.2)
Positive end-expiratory pressure (cm H,0) 13.4 (3.7)
Tidal volume (mL) 423 (115)
Compliance (mL/cm H,O) 22.5 (9.7)
Fio, 0.94 (0.11)
Pao, (mm Hg) 5 (20)
Pao,/Fio, ratio (mm Hg) 0 (29)
Paco, (mm Hg) 3 (28)
Noradrenaline (ug/kg/min) 0.41 (0.34)
pH 717 (0.14)
Base excess (mEq/L) -2.3 (8.5)
Lactate (mmol/L) 2 (3.5)
Baseline at admission

Lactate (mmol/L) 4.4 (4.6)

C-reactive protein (mg/dL) 229 (131)

Troponin (ng/L) (n = 47) 333.7 (630.5)

Comorbidities

Asthma/chronic obstructive 1 (29%)
pulmonary disease (n = 74)
Current smoker (n = 66) 0 (61%)
Hypertension (n = 74) 7 (23%)
Diabetes (n = 74) 19 (26%)
Obesity (n = 74) 9 (53%)
Ischemic heart disease (n = 74) 3 (4%)
(Continued)
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TABLE 1. (Continued).

Baseline Demographic and Physiologic
Data of Patients Subsequently Commenced
on Venovenous Extracorporeal Membrane
Oxygenation Support

Mean (sp)

Baseline at Referral or n (%)

Etiology of acute respiratory failure (n = 106)

Pulmonary ARDS 93 (88%)
Pneumonia 80 (75%)
Aspiration of gastric content 5 (5%)
Other 7 (7%)

Extrapulmonary ARDS 13 (12%)
Nonpulmonary sepsis 6 (6%)
Major trauma 2 (2%)
Pancreatitis 1 (1%)
Other 5 (5%)

ARDS = acute respiratory distress syndrome.
Variables are given as mean with sp or absolute numbers with
percentage.

DISCUSSION

The main findings of this study are as follows. First,
RV morphologic and functional changes occur in up
to 50% of patients with ARDS receiving VV-ECMO.
Second, ACP occurs in up to 18% of patients with se-
vere ARDS who receive VV-ECMO irrespective of the
technique used. Third, quantitative TTE parameters
are rarely acquired and cardiac chamber evaluation on
CT may provide a useful alternative method for RV
evaluation.

Prevalence of ACP (TTE and CT)

In our study, the prevalence of ACP in patients with
severe ARDS receiving VV-ECMO was around 14%
when defined by the RVd/LVd greater than 0.9 com-
bined with the presence of D-shape on TTE, and it was
around 18% when defined by a ventricular area ratio
greater than 0.9 on 3D CT scan reconstruction. These
two approaches showed a good agreement in this pa-
tient cohort and both seem valid to define the presence
of ACP in patients with severe ARDS on VV-ECMO.

www.ccejournal.org 5
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TABLE 2.

Prevalence of Right Ventricular Abnormal-
ities on Transthoracic Echocardiography
and CT

Echocardiogram (TTE) n (%)

TTE, any sign of RV dilatation® (n = 107) 38 (36)
TTE, any sign of RV impairment (n=107) 50 (47)
TTE tricuspid annular plane systolic excur- 13 (37)
sion < 17mm (n = 35)
TTE RVd/LVd > 0.9 (n =54) 9(17)
TTE D-shapesyStolic (n=173) 14 (19)
TTE tissue Doppler velocity tricuspid valve 10 (33)
annulus < 9.5 (n = 30)
TTE acute cor pulmonale (n = 49) 7 (14)
TTE visual right ventricular systolic 33 (31)
impairment (n = 107)
CT n (%)
CT RVd/LVd > 0.9 (n=107) 58 (54)
CT RVd/LVd > 1.0 (n=107) 36 (34)
CT RVa/LVa> 0.9 (n=107) 19 (18)
CT RVa/LVa> 1.0 (n=107) 9 (8)

LVa = left ventricular area, LVd = left-ventricle end-diastolic diameter,
RV = right ventricle, RVa = right ventricular area, RvVd = right-ventri-
cle end-diastolic diameter, TTE = transthoracic echocardiography.
RV dilatation defined as an RVd > LVd upon visual assessment, or
an Rvd/LVd of > 09.

The prevalence of ACP in our population was
14-18% depending on the imaging modality used.
Differences in the prevalence of ACP depend on the
population studied as much as the definition criteria
employed. For example, the prevalence of 14-18% in
our cohort is slightly lower than the 22% reported by
Mekontso Dessap et al (24) in a population of me-
chanically ventilated patients with moderate-severe
ARDS. The other source of difference is that Mekontso
Dessap et al (24) used transesophageal echocardiog-
raphy to report ACP, which was defined as septal dys-
kinesia with an RVa/LVa > 0.6. The French Pulmonary
Artery Catheter Study Group found a right ventricle
failure prevalence of 9.6% in 145 patients with early
ARDS when right ventricle failure was defined by the

6 www.ccejournal.org

concomitant presence of mean pulmonary artery pres-
sure greater than 25mm Hg, central venous pressure
higher than pulmonary artery occlusion pressure, and
a stroke volume index less than 30 mL/m? (25).
Although there are few data in ECMO patients, in
a small single-center cohort study (n = 21), Lazzeri
et al (26) showed a prevalence of ACP around 9%
in patients with refractory ARDS just before ECMO
treatment. Having found a lower prevalence of ACP
when compared with conventionally managed ARDS
patients, Lazzeri et al (26) hypothesized that there was
not enough time for ACP to develop because of the
early initiation of VV-ECMO. In our cohort, CT and
TTE were performed after initiation of VV-ECMO
when RV afterload is likely to be reduced by means of
a synergy of reduction in ventilator pressure, and im-
provement of Po,, Pco,, and pH (2). We show that the
prevalence of RV dysfunction using various param-
eters (VRVSI, or TAPSE, or RV TDI) is approximately
double the prevalence of ACP. It is likely that either this
reflects the persistence of RV systolic dysfunction while
the signs of increased afterload had already reversed or
the early reduction in afterload attenuated the devel-
opment of ACP. A study on acute pulmonary embo-
lism in 848 hemodynamically stable patients showed
similar findings with 63% of patients having RV en-
largement on CT and only 23% showing RV overload
on TTE (27). In addition, similar to our study, CT im-
aging was obtained first, whereas TTE followed slightly
delayed, hence, after initiation of therapy. It is possible
that in addition to an actual difference in imaging mo-
dality, this discrepancy represents a resolution of right
ventricle failure in a subpopulation of these patients.

Tricuspid Annular Plane Systolic Excursion

TAPSE has been extensively studied in critically ill
patients (8). Fichet et al (28) compared TAPSE with §’
TDI in patients with ARDS; they found TAPSE (with
a cutoff of 12mm) may be more suitable. TAPSE was
found to be an independent predictor of intraoperative
cardiopulmonary resuscitation and death in patients
undergoing emergent pulmonary embolectomy (29).
A correlation between TAPSE and length of stay in
ICU and postdischarge mortality was observed (30).
We used a TAPSE of less than 17 mm to define RV dys-
function (17) and we found a reduction in TAPSE in
37% of patients. In a study focused on patients with
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Figure 1. A, Linear regression and (B) Bland-Altman analysis comparing right-ventricle end-diastolic diameter (RVd)/left-ventricle
end-diastolic diameter (LVd) ratio on CT and transthoracic echocardiography (TTE) (n = 52).
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Figure 2. A, Linear regression and (B) Bland-Altman analysis comparing right ventricular area (RVa)/left ventricular area (LVa) ratio on CT and
right-ventricle end-diastolic diameter (RVd)/left-ventricle end-diastolic diameter (LVd) ratio on transthoracic echocardiography (TTE) (n=52).

ARDS before ECMO initiation, Lazzeri et al (31) found
a higher proportion of patients with TAPSE less than
16 mm (47.6%).

Visual Right Ventricular Systolic Impairment

The assessment of RV systolic function can be made
visually by grading it in a binary fashion as being either
normal or impaired. Although vRVSI has been shown

Critical Care Explorations

to be associated with outcome in the International
Cooperative Pulmonary Embolism Registry (32), its
value and accuracy have been challenged previously
(33). However, a recent study in which 52 intensivists
trained in echocardiography reviewed 80 TTE stud-
ies, found a fair agreement between visual assessment
of RV function and TAPSE, §’ TDI, and RV fractional
area change, respectively (34). Our study is in keeping

www.ccejournal.org 7
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with this as we found a significant difference of TAPSE
and S’ TDI, respectively, between the patients who
had and who had no RV impairment based on bi-
nary visual assessment (VRVSI). Finally, Park et al (35)
found vRVSI to be in agreement with CT-derived RV
measurements in patients with pulmonary embolism.

CTand TTE

CT is widely used in patients with suspected or con-
firmed ARDS to diagnose its etiology, assess extent
and distribution of consolidations, pleural effusions or
pneumothoraces, assess lung recruitability, and guide
respiratory treatment (36). It would be desirable if in-
formation acquired on this scan could also be used to
provide additional information on RV function that
may be valuable in decision-making or to validate ech-
ocardiographic findings.

The use of CT imaging for an evaluation of RV size
requires a standardized approach and the use of multi-
planar formatted images to obtain the true dimensions
of the LV and RV. We found a good correlation be-
tween CT RV/LV area ratio and the TTE RV/LV diam-
eter ratio. Prior studies show good agreement between
echocardiography and CT with a similar approach in
patients with acute pulmonary embolism (10). The
principle theoretical limitations with CT relate to the
image acquisition and also the lack of any cardiac-
cycle-specific data. The dimensions are measured in
systole or diastole owing to the lack of cardiac gating,
and hence, ratios of internal diameters and areas are
preferred. These in themselves can be influenced by
loading conditions and, hence, only serve as a potential
surrogate to TTE. However, data from clinical practice
show only minimal diagnostic yield of electrocardio-
gram-gating for evaluation of RV measurements (37).

Limitations

This study has the intrinsic limitations of a retrospec-
tive observation analysis. Furthermore, all our patients
belonged to the severe class of ARDS and were selected
by the fact of receiving VV-ECMO. Although this selec-
tion is fully justified by our specific interest to describe
ACP in the VV-ECMO population, this may limit the
comparability of our findings with studies describ-
ing RV function in the general ARDS population. TTE
can be used to confidently assess the RV; however, win-
dows may be difficult to obtain and suboptimal in some

8 www.ccejournal.org

critically ill patients (8), and only in half of our studies,
endocardial definition was sufficient to allow objective
measurement of RV and LV diameters. Thus, we did
also not attempt to obtain area measurements on TTE.
An option would have been the use of transesophageal
echocardiography in this subpopulation, although ex-
trapolation of TTE derived normal values is subject to
uncertainty (7). Coagulopathy and thrombocytopenia
are considered relative contraindications to transesopha-
geal echocardiography (38), but small cohorts show a
reasonable safety profile in patients anticoagulated for
ECMO (39). Furthermore, we compared the ability of
two different techniques to identify ACP at two differ-
ent time points with a mean time to TTE after CT of 1.3
(£2.3) days. Ventilatory settings remained unchanged
during this time and there was no significant difference
in vasopressor requirement. Despite allowing specula-
tions on the dynamic change of RV function over time,
the effect of such temporal uncoupling on the direct com-
parability between CT and TTE assessment is unknown.
This study was not designed to evaluate the prognostic
implications of ACP and its influencing factors; however,
this is subject to ongoing work by our group.

CONCLUSIONS

Changes in RV size and function are common in patients
with severe ARDS requiring VV-ECMO with up to 18%
showing imaging evidence of ACP. A CT RVa/LVa > 0.9
is indicative of impaired RV systolic function.
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