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ABSTRACT
Pleural effusion is a common condition in critically ill patients (both 
clinical and surgical). Its diagnosis and classifi cation are important for 
followup of patients with cardiorespiratory diffi culty. Lung ultrasound is 
used for this purpose, but no reports have been published on its use 
in Cuba with critically ill patients in intensive care units. We performed 
lung ultrasound on 144 such patients with cardiorespiratory illnesses, 
average age 54 years, predominantly men (66%; 95/144), with aver-
age APACHE II score 13.6, and 22.1% mortality risk. Patients were 
divided into two groups: clinical (bronchopneumonia and cardiac in-
suffi ciency) and surgical (postoperative liver and kidney transplant or 
vascular and cardiovascular surgery) to diagnose and classify pleural 
effusion according to locus (right, left and bilateral) and structural pat-
tern (I, II A, II B, III and IV). Pleural effusions were diagnosed in 81.2% 

(117/144) of patients (clinical 44.4%, 52/117; surgical 55.6%, 65/117). 
Bilateral location was the most common (68.4%, 80/117), followed by 
right (23.9%, 28/117) and then left (7.7%, 9/117). Structural pattern 
I (anechoic appearance) was observed in 61.5% of cases (72/117); 
21.4% (25/117) were II A, 12.8% (15/117) II B, 3.4% (4/117) III, and 
0.9% (1/117) were IV. We found no association between pleural effu-
sion localization and ultrasound structural pattern in clinical patients 
(Fisher exact test 4.2 p = 0.9). In surgical patients, however, complex 
ultrasound patterns (II A, II B and III) were signifi cantly more common 
in bilateral forms (Fisher exact test 14.1; p = 0.009). Further studies 
of this type in Cuba will help provide useful data for prompt treatment 
and followup of these patients. 
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INTRODUCTION
Pleural effusion (PE) is a common illness in intensive care units 
(ICUs). Critically ill patients develop PE as an outcome of a 
primary disease or as a side effect of treatment and life-support 
measures.[1] PE diagnosis in critically ill patients traditionally has 
been based on simple anteroposterior x-rays.[2] Lung ultrasound 
(LU) has several advantages over this method: it takes less time, 
is reproducible in real time, and can be repeated as necessary. In 
critically ill patients, it provides better sensitivity and reliability for 
PE diagnosis.[3] 

LU can also be performed at bedside, important since transporting 
ICU patients to a radiology department poses high risk of 
complications and adverse events. Acute hemodynamic and 
respiratory complications may occur in 40%–50% of patients with 
severe respiratory diffi culty during transfer.[3] In trauma patients, 
a baseline CT scan performed within 12 hours of admission to 
ICU informs a change in clinical management in less than 30% of 
cases but exposes patients to transfer-related risks. The potentially 
hazardous effects of exposure to radiation or a contrast medium 
associated with these procedures should also be considered.[3]

Since the 1967 publication of Joyner’s study describing the 
refl ected ultrasound technique to diagnose PE, major advances 
have been made in such imaging technology and professional 
training for its use.[4] These have led to clinical practice guidelines 
on LU use for PE diagnosis and treatment.[5]

International evidence-based recommendations indicate that 
point-of-care LU is more accurate in PE detection than supine 
radiology and as accurate as CT.[6] Chest x-rays can detect PE 
in upright patients only when effusion volume is >200 mL; this 
method’s sensitivity decreases in the supine position, while ul-
trasound may detect an effusion as small as 20 mL.[7,8] More-
over, ultrasound can detect the morphology and locus of pleural 
effusion and other associated conditions (such as atelectasis 
and diaphragmatic disorders). Baseline LU is recommended be-
fore thoracentesis, in order to reduce complications.[9] 

Cuba’s fi rst published reference to LU use was authored by a 
pediatrician in 1987.[10] Several Cuban ICUs have used LU, 
including the ICU in Cuba’s Medica l-Surgical Research Center 
(CIMEQ), which began applying the procedure seven years ago. 
However, no studies have been published in Cuba on the application 
of LU to diagnosis and classifi cation of PE in ICU patients.

INTERVENTION
Objective Diagnose and classify PE in critically ill patients in a 
Cuban ICU using LU.

Justifi cation PE diagnosis and classifi cation is quite important to 
determine appropriate procedures to manage critically ill patients in 
ICUs. Use of LU serves this goal, with the advantage that it can be 
performed at bedside, is more portable than CT and MRI, and has 
the sensitivity features described previously.[3,7,8]

Participants Study participants were patients (n = 144) hospitalized 
in CIMEQ’s multipurpose ICU in Havana between January 2012 
and September 2017, aged >18 years (average 54, SD 16), 
predominantly men (66%, 95/144). All patients were classifi ed by 
their Acute Physiology and Chronic Health Evaluation (APACHE 
II) score,[11] which enables evaluation and confi rmation of severity 
and provides an estimate of an individual’s mortality risk; in some 
cases it may be a criterion for ICU admission. Average APACHE 
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II score was 13.6 (SD 7.6) and corresponding mortality risk was 
22.1% (SD 20.3). We classifi ed patients in two groups—clinical 
(69/144) and surgical (75/144)—according to diagnosis upon ICU 
admission. Clinical patients presented with illnesses requiring 
cardiorespiratory monitoring (bronchopneumonia and cardiac 
insuffi ciency); surgical patients were in post-operative phase of 
complex procedures (liver and kidney transplants, vascular and 
cardiovascular surgeries) who did not present malignancies. 

PE variables 
• Presence or absence
• Location (right, left, or bilateral)
• Appearance (per Tu classifi cation)[12]

• I: Anechoic: no echogenic density within the effusion; 
• II A: Complex nonseptated and relative hyperechoic: predom-

inant hyperechoic spots visible in the effusion, and echogenic 
shape that does not change with respiration

• II B: Complex nonseptated and relatively nonhyperechoic: 
some visible bright spots as echogenic density within the 
effusion and echogenic shape that changes with respiration

• III: Complex septated: prominent fi brinous septation visible 
within the effusion; 

• IV: Homogeneously echogenic: density of echogenic spots 
evenly distributed within the effusion

Lung ultrasound LU assessments were conducted with 
ProSound Alpha 5 SV equipment (Aloka, Japan), using a fl at 
or concave 3−5 MHz transducer and a 5−7 MHz fl at transducer 
when needed.

LU is performed with the ICU patient prone. Each hemithorax is 
divided into four areas and each of these into two zones—anterior 
and lateral—separated by the anterior axial line. Each zone, in 
turn, is divided into superior and inferior according to a horizontal 
line between the middle and lower thirds of the sternum. Diagnosis 
is performed through the application of transducers directly on the 
chest. PE is seen as an echo-free space (dark anechoic image) 
between the parietal and visceral pleurae, with other specifi c 
imaging signs.

The ultrasound image of a pleural effusion shows loss of pleural 
movement. When etiology is infectious, hyperechoic structures are 
visible in the effusion’s interior or adhered to the pleura; presence 
of septation indicates chronic conditions. An effusion’s extent can 
be estimated in several ways, but qualitative characteristics are 
always more useful for determining prognosis.[13,14]

Data collection and analysis We set up an Excel database and 
performed data analysis with SPSS version 20. Absolute and 
relative frequencies were used. We used the Fisher exact test 
for analysis of associations involving patient type, PE locus, and 
ultrasound pattern (signifi cance threshold p = 0.05). 

Ethics Patients or their relatives (in the case of unconscious or 
sedated patients) received explanation of the study’s objectives, 
risks and benefi ts, and written informed consent was obtained. 
The study was approved by CIMEQ’s ethics committee.

RESULTS
PE was diagnosed in 81.2% of patients (117/144). Approximately 
55.6% (65/117) of PE cases occurred in surgical patients and 

44.4% (52/117) in clinical patients. Bilateral effusions were most 
common at 68.4% (80/117) followed by effusions on the right 
(23.9%, 28/117) and left side (7.7%, 9/117) (Table 1).

PE ultrasound patterns showed decreasing frequency from 
simplest to most complex. Pattern I was observed in 61.5% of 
cases (72/117), pattern II A in 21.4% (25/117) and pattern II B in 
12.8% (15/117). The septated pattern III was observed in 3.4% 
(4/117) and pattern IV in a single patient for 0.9% (1/177) (Table 1).

In clinical patients, no association was found between PE location 
and ultrasound pattern (Fisher exact test 4.28, p = 0.96). In 
surgical patients, however, we found an association (Fisher exact 
test of 14.16, p = 0.011) between bilateral localization and more 
complex ultrasound patterns (II A, II B and III). 

LESSONS LEARNED
Compared to other studies, ours found higher frequency of PE 
diagnosed via LU. One study in a US ICU reported 62% (62/100)
[15] and another in an Egyptian multipurpose ICU reported 60% 
(78/130) in patients with pleuropulmonary disorders.[16] Results 
of a German study carried out in a surgical ICU were similar to 
ours, as PE was diagnosed in 73% of cases (35/48).[17] Our 
study was conducted in a multipurpose ICU where patients with 
complex surgeries receive postoperative care. To maintain proper 

Table 1: Relation between ultrasound pattern and pleural effusion 
localization (n = 117)

Type of 
patient

Type of 
pleural 

effusion 

Pleural effusion localization
Total

Right Left Bilateral 
 n

(%)
 n

(%)
 n

(%)
 n

(%)

Clinical a

I 6 (66.7) 4 (80.0) 24 (63.2) 34 (65.4)
II A 2 (22.2) 1 (20.0) 10 (26.3) 13 (25.0)
II B 1 (11.1) 0 (0.0) 2 (5.3) 3 (5.8)
III 0 (0.0) 0 (0.0) 1 (2.6) 1 (1.9)
IV 0 (0.0) 0 (0.0) 1 (2.6) 1 (1.9)
Total 9 (100.0) 5 (100.0) 38 (100.0) 52 (100.0)

Surgical b

I 17 (89.5) 1 (25.0) 20 (47.6) 38 (58.5)
II A 2 (10.5) 2 (50.0) 8 (19.0) 12 (18.5)
II B 0 (0.0) 1 (25.0) 11 (26.2) 12 (18.5)
III 0 (0.0) 0 (0.0) 3 (7.1) 3 (4.6)
Total 19 (100.0) 4 (100.0) 42 (100.0c) 65 (100.0)c

Total

I 23 (82.1) 5 (55.6) 44 (55.0) 72 (61.5)
II A 4 (14.3) 3 (33.3) 18 (22.5) 25 (21.4)
II B 1 (3.6) 1 (11.1) 13 (16.3) 15 (12.8)
III 0 (0.0) 0 (0.0) 4 (5.0) 4 (3.4)
IV 0 (0.0) 0 (0.0) 1 (1.2) 1 (0.9)
Total 28 (23.9) 9 (7.7) 80 (68.4) 117 (100.0)

I: Anechoic pattern: no echogenic density within the effusion
II A: Complex nonseptated and relatively hyperechoic pattern: predominant 
hyperechoic spots visible in the effusion, and the echogenic shape not changed with 
respiration
II B: Complex nonseptated and relatively nonhyperechoic pattern; some visible bright 
spots as echogenic density within the effusion and the echogenic shape changed 
with respiration
III: Complex septated pattern: prominent fi brinous septation visible within the effusion
IV: Homogeneously echogenic pattern: echogenic spots density evenly distributed 
within the effusion
aFisher exact test 4.28, p = 0.96
bFisher exact test 14.16, p = 0.011
crounding error
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hemodynamic status during surgery, large volumes of liquid are 
administered intravenously. This necessary overhydration may 
increase circulating volume and cause increased pleural capillary 
pressure with a decrease in reabsorption, thereby producing 
PE.[18] Most PE patients in our study were in the surgical group. 
From these observations, we infer that PE is a common disorder 
in ICUs, especially in surgical patients. 

Unlike results reported by other authors, where the right 
hemithorax was the most common locus of PE, our study found 
the bilateral most prevalent. In a Cuban internal medicine clinic, 
Pérez Bada found that 63.6% (35/55) of cases presented on the 
right side, 23.6% (13/55) on the left, and 12.7% (7/55) bilaterally.
[19] In pediatric clinics in Cuba’s Sancti Spíritus Province, right 
pleural effusion was the most common with 66.7% (10/15).[20] 
Although these were not ICU patients, we mention these fi ndings 
here as the only comparisons available for Cuba. A study in Nigeria 
found PE in the right hemithorax in 50.2% (107/213) of cases, 
in the left in 42.7% (91/213), and bilaterally in 5.6% (12/213).
[21] In a hepatic hydrothorax study in Madrid, the right side also 
predominated (85.4%).[22] In Tu’s study, right localization was 
most common with 39.4% (37/94), followed by left with 30.8% 
(29/94), then bilateral with 29.8% (28/94).[12]

PE location varies and depends on the site of the original 
disease causing PE (viral or bacterial pneumonia, pulmonary 
thromboembolism, tumor), and may be localized in either the 
left or right hemithorax or both.[1,2] The main cause of bilateral 
PE is congestive heart failure. Other causes are liver diseases, 
severe kidney failure, hypoalbuminemia and fl uid overload.[23,24] 
All these conditions occur more frequently in ICUs, mainly those 
receiving patients directly out of surgery. The predominance of 
bilateral PE in our study can be explained by the high proportion 
of surgical patients. Bilateral PE is the most common in critically 
ill patients with diseases requiring cardiorespiratory monitoring 
(bronchopneumonia and cardiac insuffi ciency) or following major 
surgery (liver or kidney transplants, vascular or cardiovascular 
surgeries).

There are several ultrasound classifi cations of pleural effusion. 
Some use two categories (simple or complex)[25] and 
others, including our study, defi ne pleural effusion’s imaging 
characteristics in greater detail.[12] We found anechoic patterns 
to be more common than hyperechoic patterns, with a distribution 
from lesser to greater morphological complexity. Tu’s work—the 
main reference for our study—presented these results: pattern I: 
39.8% (47/118), II A: 30.5% (36/118), II B: 1.7% (2/118), III: 9.3% 
(11/118), and IV: 1.7% (2/118).[12] Our study was similar in that it 
showed predominantly anechoic patterns (I and II A) and differed 
in the frequency of cases with septated patterns (II B, III, and IV).

Other studies have also observed a predominantly anechoic 
pattern. Chen,[26] for example, reported anechoic in 44.9% 
(57/127) and a complex nonseptated pattern in 55.1% (70/127), 
with no complex septated or homogeneously echogenic patterns. 
Similar to our study, Lomas reported that 60% (54/90) presented 
anechoic appearance; the remaining patients (40%, 36/90) 
presented with diffuse internal echoes with internally septated 
primary loculation, and others showed no distinction between 
solid and liquid ultrasound features in the pleural space.[27]

Echogenic PEs ranged from lesser to greater structural complexity 
with a smaller proportion of patients presenting the most complex 
(II B, III and IV) patterns. With respect to the association between 
PE locus and classifi cation according to ultrasound pattern, our 
results suggest that the bilateral pleural effusions of surgical 
patients present more complex ultrasound patterns (not seen in 
clinical patients). 

The literature review did not reveal a relationship between 
patient type and localization or morphology of their PEs, with the 
exception of Tu’s study.[12] Differences between Tu’s fi ndings and 
our study may be partly due to Tu’s subjects consisting of febrile 
ICU patients. In Tu, cases complicated with empyema presented 
the following distribution: 66.7% (10/15) ultrasound patterns II B 
and IV, none with patterns I and II A, and 33.3% (5/15) pattern III. 
PE localized on the right hemithorax was the most common with 
53.3% (8/15), followed by bilateral with 26.6% (4/15), and lastly 
on the left with 20% (3/15).[12] Tu’s study shows that in severe 
diseases of the pleura (empyema), complex structural patterns 
predominated.

Our study concurs with Tu[12] in fi nding that lung disease 
severity affects complex ultrasound patterns. We also observed 
association in surgical patients between incidence of bilateral PE 
and more complex structural patterns detected by LU.

Although results from a single ICU and a relatively small sample 
cannot be generalized, these are the fi rst fi ndings describing 
diagnosis and classifi cation of PE with LU in a Cuban ICU context 
and thus serve as a reference point for further research. 

This application of LU in Cuba confi rms what has been learned 
elsewhere, that it is feasible in any appropriately equipped ICU. 
Compared to other imaging techniques, the procedure is simple 
and inexpensive, and personnel can be easily trained. We 
recommend study replication in other Cuban hospitals to obtain 
additional data useful for timely training and patient followup.
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