
Introduction

Differential diagnosis of unilateral pulmonary opacity
includes infection, neoplasm, lung infarction, atelecta-
sis, aspiration, bronchial obstruction and cardiac failure.
Unilateral pulmonary oedema is a rare and often mis-
diagnosed cause of focal lung disease. It may be due to
a left-to-right intracardiac shunt, gravitational or re-ex-
pansion pulmonary oedema, obstruction to pulmonary
venous drainage or mitral valve disease. We report three
cases of respiratory failure with right pulmonary oede-
ma due to acute mitral insufficiency. In our reports, mul-
ti-plane transoesophageal echocardiography provided
diagnostic information and direct visualisation of the
mechanism of oedema formation.

Case reports

Case 1

Awaking from sleep with respiratory distress, a healthy 72-year-old
man was brought to the emergency room and required intubation.
He had a history of mitral valve prolapse with grade 1/4 regurgita-
tion documented by echocardiography in 1987. Physical examina-
tion revealed rales on the right lung and a grade 3/6 systolic mur-

mur radiating to the axilla. Blood pressure was 230/120 mmHg.
Tracheal suction yielded a clear and frothy fluid. Initial chest radio-
graph showed an interstitial infiltrate located only in the right lung
without cardiac silhouette enlargement (Fig. 1). Electrocardiogram
showed sinus tachycardia and left atrial enlargement. His tempera-
ture was 37�C. Leukocyte count and C reactive protein (CRP) lev-
els were not elevated. Bronchoscopy showed no extrinsic compres-
sion or endobronchial abnormalities. The patient was given diuret-
ics and vasodilators. The ventilator was set in pressure support
ventilation. The right-sided infiltrate resolved in 24 h.

On the second day, transthoracic echocardiography revealed a
flail posterior leaflet of the mitral valve with grade 3/4 regurgita-
tion and dilatation of the left atrium. Transoesophageal echocardi-
ography by colour Doppler demonstrated a high-velocity regur-
gitant jet directed at the right pulmonary veins. Pulse wave Dop-
pler confirmed reversal of pulmonary venous flow in the right pul-
monary veins. Swan-Ganz catheterisation was performed. Pulmo-
nary capillary wedge pressure (PCWP) measured from the left pul-
monary artery showed a mean pressure of 35 mmHg with a back
pressure V wave of 45 mmHg. PCWP measured from the right pul-
monary artery showed a mean pressure of 35 mmHg with a V wave
of 73 mmHg (Fig. 2). Coronary angiography was normal. Left ven-
triculography confirmed severe mitral regurgitation.

On the third day, the patient underwent surgical replacement of
the disrupted valve. Surgery revealed thickening of the mitral
valve with areas of fibrosis and rupture of chordae tendinae of
both the posterior and anterior leaflets. A prosthetic valve was
placed. The postoperative course was uneventful.
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Abstract One aetiology of unilater-
al pulmonary oedema is mitral valve
disease. We report three cases of
right pulmonary oedema caused by
acute mitral regurgitation. These re-
ports underline the diagnostic value
of transoesophageal echocardiogra-
phy, which rapidly visualised severe
mitral regurgitation with retrograde
jet directed toward the right pulmo-
nary veins. Two patients underwent
prompt cardiac surgery.
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Case 2

A healthy 75-year-old woman had a grade 2/4 mitral regurgitation,
known for 2 years. She presented with acute dyspnoea and re-
quired intubation. Auscultation revealed rales over the right lung
and a loud systolic murmur that radiated to the left axilla. Expecto-
ration was pink and frothy. Her blood pressure was 130/80 mmHg,
pulse rate 130 beats/min and temperature 38.2�C. There were no
Janeway lesions or Roth spots. Chest radiograph showed a right-
sided pulmonary infiltrate. Electrocardiogram revealed sinus ta-
chycardia, left axis deviation and left atrial enlargement. The white
blood count was 17,000/mm3 and CRP was 56 mg/l. Sputum gram

stain showed no micro-organisms. Several blood cultures were
sampled. Transthoracic echocardiography performed in the emer-
gency room revealed a myxomatous mitral valve with a flail poste-
rior leaflet and grade 4/4 regurgitation. Admitted to the ICU, the
patient received parenteral furosemide, nitroglycerine and antibi-
otics.

Transoesophageal echocardiography and left ventriculography
demonstrated a regurgitant jet targeted towards the right pulmo-
nary veins and systolic reversal of flow (pulse wave Doppler) in
the right inferior pulmonary vein. Coronary angiography was nor-
mal. Right heart catheterisation showed a mean left pulmonary ar-
tery pressure of 26 mmHg and a mean right pulmonary artery pres-
sure of 36 mmHg. The mean PCWP on both sides was 18 mmHg
with a V wave of 35 mmHg present only in the right lung.

The patient underwent surgical repair of the disrupted valve
24 h after hospital admission. Preoperative blood cultures were all
negative. A chest radiograph performed 4 days following surgery
showed complete resolution of the right lung opacity.

Case 3

A 90-year-old man was admitted to the emergency room with
cough, shortness of breath and abundant clear expectoration. His
medical history was significant for mitral insufficiency, coronary ar-
tery disease and atrial fibrillation. His blood pressure was 200/
110 mmHg. Despite depletive therapy (furosemide, nitroglycer-
ine), cardiac arrest occurred in the coronary care unit. The patient
was resuscitated with intubation, ventilation with an inspired con-
centration of 100 % oxygen, intravenous epinephrine and external
chest compressions.

On ICU admission, examination revealed rales on the right
lung and a systolic murmur radiating to the axilla. His temperature
was 37 �C. CRP and leukocyte count were not increased. Vital
signs were good but the patient was unresponsive to stimulation
(Glasgow coma score 3 points). Chest radiograph showed an inter-
stitial infiltrate in the right upper lobe. Transthoracic echocardiog-
raphy revealed systolic posterior buckling of the mitral valve with
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Fig.1 Antero-posterior chest radiograph performed on the day of
admission revealing the presence of right-sided pulmonary oede-
ma in case 1

Fig.2 Catheterisation of the left
pulmonary artery in case 1 demon-
strating a mean capillary wedge
pressure of 35 mmHg with a back
pressure V wave of 73 mmHg (CAP
capillary wedge pressure)



grade 3/4 regurgitation, suggestive of disruption of the leaflet.
Transoesophageal echocardiography documented a retrograde jet
directed towards the right pulmonary veins and the systolic rever-
sal of flow in the right superior pulmonary vein (Fig.3). The pa-
tient remained in a deep coma and unresponsive to pain 7 days af-
ter resuscitation. All medications were stopped.

Discussion

A retrograde blood flow directed to the posterior left
atrial wall (the position of the pulmonary veins) is a fre-
quent echographic finding in severe mitral regurgita-
tion. The vector of retrograde blood flow across an in-
competent mitral valve may be selectively directed to-
wards the right pulmonary venous system [1]. The
mechanism of unilateral right-sided pulmonary oedema
is related to the reversal of flow in the right pulmonary
veins during ventricular systole. As the regurgitant jet
targets the right superior pulmonary vein, oedema loca-
lises preferentially in the right upper lobe. To our
knowledge, 15 cases of this rare condition have been re-
ported in 30 years (Table 1). Eleven of the 15 had pul-
monary infiltrate predominantly located in the right up-
per lobe. In the majority of these reports, the problem
was initially misdiagnosed as a more common cause of
focal lung disease, including pneumonia, aspiration, pul-
monary embolism and neoplasm. The cardiac origin of
the unilateral pulmonary opacity was finally supported
by cardiac catheterisation [2, 3, 4, 5, 6], transthoracic
echocardiography [4, 7, 8] or autopsy findings [4].

More recently, transoesophageal echocardiography
has proved useful in determining the mechanism of oe-
dema formation [9, 10, 11]. Roach et al. visualised rever-
sal of flow in both the pulmonary veins by pulse wave
Doppler [9]. They detected differential gradients be-
tween the right and left pulmonary venous systems, indi-
cating a much higher hydrostatic pressure in the right
pulmonary veins. Colour Doppler confirmed that the
regurgitant jet was directed towards the right pulmo-
nary veins. Dexter et al. positioned the pulsed wave
Doppler in both the superior and inferior right pulmo-
nary veins and visualised the systolic flow from mitral
regurgitation into the right superior pulmonary vein
[10]. Rice et al. reported an unusual case of left upper
lobe oedema secondary to mitral regurgitation, under-
lining the diagnostic value of transoesophageal echocar-
diography [11].
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Fig.3 Transgastric incidence by colour Doppler (upper portion of
the panel) in case 3 showing the regurgitant jet directed to the
RSPV. Middle portion: pulsed Doppler demonstrating the systolic
reversal of flow in the RSPV. Lower portion: normal flow (trans-
oesophageal incidence) in the LSPV (LA left atrium, LV left ven-
tricle, RSPV right superior pulmonary vein, LSPV left superior
pulmonary vein)



In our patients, case 1 had no fever and expectorated
frothy fluid. On initial chest radiograph, the familiar
ªbutterflyº pattern was missing its left wing. Neverthe-
less, the right-sided opacity resolved in 24 h with deple-
tive therapy. Transthoracic echocardiography confirmed
the suspected cardiac origin of the respiratory distress.
Transoesophageal echocardiography provided direct vi-
sualisation of the retrograde flow targeted at the right
pulmonary veins. Cardiac catheterisation of the right
and left pulmonary arteries demonstrated that the back
pressure V waves were larger in the right lung
(73 mmHg) compared with those in the left lung

(45 mmHg). The patient underwent valve replacement
on the third day after admission. Knowledge of the
pathophysiological mechanisms associated with mitral
regurgitation, previous reports and case 1 alerted us
and facilitated the diagnosis and management of unilat-
eral pulmonary oedema in case 2. Promptly evaluated,
our second patient underwent cardiac surgery very
quickly, as compared with case one. In case 3, old age
and post-ischaemic brain damage advised against surgi-
cal repair of the disrupted valve.

Our three cases were encountered in an 8-month pe-
riod, suggesting that this condition may be more com-
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Table 1 Right-sided pulmonary oedema associated with mitral regurgitation. Case reports

Author/year Case Clinical circumstance/
distribution of oedema

Evaluation Outcome

Bahl 1971 1 Myocardial infarction/
right upper lobe

±
Cardiac catheterization

Surgical replacement

Gamsu 1981 1 Myocardial infarction/
right upper lobe

±
Catheter in the right upper lobe
pulmonary artery

Medical therapy

Kusumi 1984 1 Left ventricular failure/
right lung

±
Cardiac catheterization

Surgical replacement

Keren 1986 1 Myocardial infarction/
right lung

±
Cardiac catheterization

Death

Gurney 1989 no 1 Left ventricular failure/
right upper lobe

±
Transthoracic echocardiography

Death

no 2 Left ventricular failure/
right upper lobe

±
Transthoracic echocardiography

Medical therapy

no 3 Myocardial infarction/
right upper lobe

±
Transthoracic echocardiography
±
differential right- and left-sided
catheterization of pulmonary
arteries

Surgical replacement

no 4 Left ventricular failure/
right upper lobe

±
Cardiac catheterization
±
transthoracic echocardiography

Death

Roach 1993 1 Left ventricular failure/
right upper lobe

±
Cardiac catheterization
±
transthoracic echocardiography
±
transesophageal echocardiography

Medical therapy

Goerre 1994 no 1 Dyspnea and orthopnea/
right upper lobe

±
Transthoracic echocardiography

Medical therapy

no 2 Cough and dyspnea/
right upper lobe

±
Transthoracic echocardiography

Medical therapy

Alarcon 1995 no 1 Cough and dyspnea/
right upper lobe

±
Transthoracic echocardiography

Medical therapy

no 2 & 3 Cough and dyspnea
right upper & middle lobe

±
Transthoracic echocardiography

Medical therapy

Dexter 1997 1 Cough and hemoptysis/
right upper lobe

±
Cardiac catheterization
±
transesophageal echocardiography

Surgical replacement



mon than previously estimated. Schnyder et al. retro-
spectively reviewed the chest radiographs of 131 pa-
tients with severe mitral regurgitation [12]. Radiograph
signs of oedema were present in 117. In 12 of 117 oed-
emas, pulmonary infiltrate involved predominantly the
right upper lobe.

Acute mitral regurgitation should be suspected
whenever focal pulmonary infiltrate develops in a pa-
tient with known or suspected mitral valve disease.

Transthoracic echocardiography performed without de-
lay may confirm the cardiac origin of respiratory dis-
tress. Transoesophageal echocardiography provides
morphological analysis of the disrupted valve and helps
physicians in understanding the unilateral distribution
of pulmonary oedema. Cardiac catheterisation remains
essential to demonstrate the asymmetrically elevated
capillary wedge pressure.
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