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Abstract

Cardiogenic pulmonary edema is a common presentation of acute
heart failure normally treated with continuous positive airway pressure
(CPAP), diuretics and nitrates. This therapy is contraindicated in case
of cardiac tamponade. We describe a case of pulmonary edema due to
cardiac tamponade in which integrated lung-heart ultrasound exami-
nation allowed prompt diagnosis and pericardiocentesis before admin-
istration of CPAP thus avoiding circulatory collapse.

Introduction

Pulmonary edema is one of the clinical presentations of acute heart
failure and reflects the accumulation of fluid in the lung interstitium and
alveoli as a result of increased capillary hydrostatic pressure. This is the
result of an increase in left ventricular filling pressures secondary to di-
astolic dysfunction. This condition is common in both heart failure with
reduced and preserved ejection fraction. Acute coronary syndromes, hy-
pertensive emergencies, cardiomyopathies, valvular dysfunctions may
lead to acute decompensated heart failure and pulmonary edema. Inte-
grated lung-heart-inferior vena cava ultrasound examination allows
prompt diagnosis and can guide therapy by identification of different he-
modynamic patterns [1,2]. Lung ultrasound provides estimation of in-

terstitial lung edema [3]. Cardiac ultrasound provides information on
left ventricular systolic function, chambers dimensions, valvular dys-
functions, pericardial diseases and estimation of left ventricular filling
pressures [4]. Evaluation of inferior vena cava dimension and collapsi-
bility provides estimation of central venous pressure [5].

Case Report

A 61-year-old man with history of gastroesophageal reflux disease in
proton pump inhibitor therapy was transported to the emergency de-
partment for severe dyspnea. He had history of cigarette smoking and
he was not affected by any cardiorespiratory disease. He referred recent
fever and chest pain with diagnosis of bronchitis currently on antibiotic
and anti-inflammatory therapy. At admission blood pressure was 110/70
mmHg, heart rate was 110 beats/minute, oxygen saturation was 76%
(FiO2 21%) with tachypnea (32 breaths/minute) and body temperature
was 35.7oC. Chest examination revealed wheezing. Cardiovascular ex-
amination revealed muffled heart sounds, normal peripheral pulses, ab-
sence of leg edema and presence of jugular vein distension. Abdominal
examination was normal. Arterial blood gas analysis in room air (Table
1) showed metabolic lactic acidosis with mild portion of respiratory aci-
dosis and severe hypoxemia. Oxygen therapy with 60% Venturi mask
was administrated. ECG showed sinus tachycardia with mild electrical
alternans (Figure 1). B-type natriuretic peptide was 500 pg/mL. An inte-
grated lung-heart-inferior vena cava ultrasound examination with
pocket ultrasound device was promptly done [1,6]. The integrated ul-
trasound examination of lung-heart-inferior vena cava was performed
with the patient in semi-sitting position using a pocket size device
(Vscan, General Electric Healthcare) with single probe (1.7-3.8 MHz)
using abdominal pre-set for lung assessment and cardiac pre-set for
heart and inferior vena cava assessment. We scanned first lungs and
then heart and inferior vena cava, following the ABC protocol of emer-
gency medicine [1]. Thorax was examined following a simplified pro-
tocol that provides two scans at each side: anteriorly on the II intercostal
space, midclavicular line and lateral on the V intercostal space, midaxil-
lary line, to sample upper and lower lungs. The heart was examined in
three projections (parasternal long axis view, apical view and subcostal
view) allowing qualitative evaluation of left ventricular systolic function,
size of chambers and the presence or absence of pericardial effusion.
The inferior vena cava was explored in subcostal view [1]. Lung ultra-
sound examination showed normal pleural sliding and multiple vertical
comet-tail artefacts (B-lines), often confluent (white lung) and deleting
horizontal artefacts (A-lines) compatible with diffuse bilateral intersti-
tial syndrome (Figure 2) suggesting pulmonary edema. Focused cardiac
examination revealed severe pericardial effusion with tamponade
demonstrated by right chambers and left atrium collapse and left ven-
tricle impaired filling (Figure 3). The pericardial effusion was circum-
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static pressure, right atrial pressure) increase. The accumulation of
pericardial fluid sufficient to raise pericardial pressure can create an
imbalance in the Starling forces in the pulmonary vasculature that will
favor increased filtration into the interstitium. The high pericardial
pressure also retards pulmonary lymphatic drainage because of raising
right atrial pressure thus contributing to the formation of edema [10].

CPAP exerts its effects on cardiac performance by increasing intra-
thoracic pressure and thereby reducing cardiac preload, by impeding
cardiac filling, and afterload, by reducing left ventricular transmural
pressure [11]. Nitrates induce vasodilation thus reducing preload and
afterload [7]. These effects are all harmful during cardiac tamponade
and could get worse the hemodynamic state with shock.

The use of multi-organ ultrasound examination in the management
of acute dyspnea is becoming a cornerstone for identification of acute
heart failure in the emergency department [1,12,13]. In this case the
integrated lung-heart ultrasound examination avoided the wrong diag-
nostic-therapeutic strategy, allowing prompt recognition of tamponade

ferential with evidence of swinging heart. It was more thickened in the
anterior region (more than 2 cm). Right chambers were collapsed. Left
atrial was partially collapsed and impaired left ventricular filling was ev-
ident. The semi quantitative assessment of pericardial effusion volume
was difficult because of the evidence of swinging heart, but we can ex-
pect more than 500 ml since it was more than 2 cm in 2 projections. The
aortic root was normal. Inferior vena cava was dilated and fixed (2.5 cm
with no respiratory variation). Chest X-ray did not give new information.
The patient underwent emergency pericardiocentesis and then contin-
uous positive airway pressure (CPAP) with prompt improvement of
symptoms. CPAP was set at 10 cmH2O for 6 hours. He was admitted to
sub-intensive care unit and after 2 days he was transferred in the car-
diology ward. He was discharged 7 days after.

The final diagnosis was cardiac tamponade due to pericarditis.

Discussion

Acute cardiogenic pulmonary edema is one of the most frequent
presentation of acute heart failure. The standard therapy consists of
administration of continuous positive airway pressure and medical
therapy with diuretics and nitrates [7]. Cardiac tamponade is a life-
threatening condition requiring prompt recognition and immediate
pericardiocentesis [8].

Pulmonary edema is quite rare during tamponade, perhaps because
right heart filling is restricted, limiting pulmonary blood flow. In con-
trast, acute pulmonary edema has been reported after decompression
of pericardial tamponade, related to the sudden increase in pulmonary
blood flow [9]. However, it is described that pericardial effusion may
cause interstitial pulmonary edema in experimental models. During
raising of intra-pericardial pressure, all intra-cardiac and small circu-
lation pressures (mean pulmonary arterial pressure, mean pulmonary
wedge pressure, mean right ventricular pressure, microvascular hydro-

pimepimepimepimeppiimmee EDITRICE

Table 1. Blood gas analysis in room air.

Parameter Value Unit of measure

pH 7.28
pCO2 31 mmHg
pO2 40 mmHg
Na+ 132 mmol/L
K+ 4.8 mmol/L
Ca++ 1.03 mmol/L
Glu 175 mg/dL
Lat 9.6 mmol/L
HCO3- 14.6 mmol/L
SO2 76 %
Hb 10.9 g/dL

Figure 1. ECG showing sinus tachycardia and mild electrical alternans.
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and the emergency pericardiocentesis before the administration of
CPAP, thus preventing the downfall of hemodynamic balance. In this
case, chest X-ray did not give any adjunctive information to that of
lung-heart ultrasound since it showed enlarged and loss of definition of
large pulmonary vessels, associated with cardiomegaly. These findings
are in line with findings of fast ultrasound and did not give any new in-
sights to the clinical pictures.

Conclusions

The integrated lung-heart ultrasound examination during acute pul-
monary edema allows a more detailed diagnosis compared to the lung
ultrasound alone. This is important to establish the correct sequence of
therapeutic actions in patients with complex clinical pictures.
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Figure 2. Lung ultrasound showing interstitial syndrome. Figure 3. Echocardiography in sub-costal view showing severe peri-
cardial effusion with right chambers collapse.
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