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Introduction

Critically ill patients in surgical intensive care units (ICUs) have been severely injured, present with acute surgical 
emergencies, require prolonged and complex elective surgical procedures, or have severe underlying medical conditions 
[1]. They have risks for developing all of the potential problems that afflict nonsurgical patients in ICU and also have 
risks for complications related to surgical procedures [2]. Pulmonary complications, such as atelectasis, pneumonia, 
and pulmonary edema, which are associated with in-hospital mortality and length of hospital stay, frequently develop in 
critically ill surgical patients [1,2]. Although portable chest radiography and physical examination of the respiratory sys-
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The Use of Lung Ultrasound in a Surgical Intensive Care Unit
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Background: Pulmonary complications including pneumonia and pulmonary edema frequently develop in critically ill surgical 
patients. Lung ultrasound (LUS) is increasingly used as a powerful diagnostic tool for pulmonary complications. The purpose of this 
study was to report how LUS is used in a surgical intensive care unit (ICU).
Methods: This study retrospectively reviewed the medical records of 67 patients who underwent LUS in surgical ICU between May 
2016 and December 2016.
Results: The indication for LUS included hypoxemia (n = 44, 65.7%), abnormal chest radiographs without hypoxemia (n = 17, 25.4%), 
fever without both hypoxemia and abnormal chest radiographs (n = 4, 6.0%), and difficult weaning (n = 2, 3.0%). Among 67 patients, 
55 patients were diagnosed with pulmonary edema (n = 27, 41.8%), pneumonia (n = 20, 29.9%), diffuse interstitial pattern with an-
terior consolidation (n = 6, 10.9%), pneumothorax with effusion (n = 1, 1.5%), and diaphragm dysfunction (n = 1, 1.5%), respectively, 
via LUS. LUS results did not indicate lung complications for 12 patients. Based on the location of space opacification on the chest 
radiographs, among 45 patients with bilateral abnormality and normal findings, three (6.7%) and two (4.4%) patients were finally 
diagnosed with pneumonia and atelectasis, respectively. Furthermore, among 34 patients with unilateral abnormality and normal 
findings, two patients (5.9%) were finally diagnosed with pulmonary edema. There were 27 patients who were initially diagnosed with 
pulmonary edema via LUS. This diagnosis was later confirmed by other tests. There were 20 patients who were initially diagnosed with 
pneumonia via LUS. Among them, 16 and 4 patients were finally diagnosed with pneumonia and atelectasis, respectively.
Conclusions: LUS is useful to detect pulmonary complications including pulmonary edema and pneumonia in surgically ill patients.
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tem are routinely performed for most patients in surgical 
ICUs, the application of chest radiography in the ICU for 
the detection of pulmonary complications is limited be-
cause of low diagnostic yields [3,4].

Lung ultrasound (LUS) has emerged in recent years 
as a bedside noninvasive test [5-8]. The use of bedside 
LUS in the ICU is increasing due to its ease of use, ac-
cessibility, safety profile, and immediate feedback [6-8]. 
Previous studies showed that LUS is useful for accurate 
diagnosis of various anatomical abnormalities including 
pleural effusion, diffuse interstitial syndrome, pneumo-
thorax, pulmonary consolidation, and pulmonary abscess 
[5-12]. Furthermore, previous studies focused on com-
paring LUS with chest radiography and showed LUS had 
a high degree of diagnostic accuracy [8,12-14]. While 
many studies focused on diagnostic performance of LUS 
for patients in ICUs, none of the studies have provided 
insight into how to actually use LUS in a surgical ICU. 
The objective of this study was thus to investigate the 
clinical use of performing LUS in a surgical ICU.

Materials and Methods

1) Patients
 We retrospectively reviewed the medical records of 262 

patients who had previously undergone LUS at Inje Uni-
versity Ilsan Paik Hospital between May 2016 and De-
cember 2016. After excluding 98 patients who underwent 
LUS only at the posterolateral point for identification of 
pleural effusion, we performed LUS on 164 patients at 
standardized points according to bedside LUS in emer-
gency (BLUE) protocol [7]. Among them, 67 patients 
who underwent LUS in the surgical ICU were enrolled in 
this study, excluding 97 patients who underwent LUS in 
the medical ICU (n = 81) and the ward (n = 16) (Figure 1).

 The Institutional Review Board of Inje University 
Ilsan Paik Hospital approved this study, including the 
review and publishing of information obtained from pa-
tient records (IRB No. 2016-12-023). The requirement 
for informed consent was waived for the use of patient 

medical data because all personally identifying informa-
tion was removed before analysis.

2) Measurement
 Patient medical records were reviewed to obtain data 

on demographic features, comorbidities, medical condi-
tions, symptoms, laboratory data, radiologic findings, and 
LUS findings. Comorbidities including coronary artery 
disease, atrial fibrillation, chronic obstructive lung dis-
ease, rib fracture, chronic kidney disease, and underlying 
malignancy as well as whether patients underwent lung 
surgery previously were reviewed. Arterial blood gas 
analysis was performed for all patients undergoing LUS.

To diagnose and manage pulmonary complications, all 
patients consulted with one physician (HKK), intensivist, 
and pulmonologist. They were selected for LUS based 
on clinical needs for diagnosis of pulmonary complica-
tions, which occurred during the intensive care period in 
surgical ICU. Indications for LUS included hypoxemia, 
abnormal chest radiographs without hypoxemia, fever 
without both hypoxemia and abnormal chest radiographs, 
and difficult weaning. Difficult weaning is identified for 
patients in two situations, i.e., if the patient fails initial 

262 Patients underwent LUS 
between May 2016 and December 2016

164 Patients underwent LUS 
at the standardized points according to BLUE protocol

67 Patients underwent LUS 
at the standardized points according to BLUE protoco  

In the surgical ICU

98 Patients underwent LUS 
only at the posterolateral point

81 Patients underwent LUS  
in the medical ICU 

16 Patients underwent LUS  
in the ward

Figure  1. Flow chart for study enrollment. LUS: lung ultrasound; 
BLUE: bedside LUS in emergency; ICU: intensive care unit.
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weaning and requires up to three spontaneous breathing 
tests (SBTs) or if the patient requires up to 7 days from 
the first SBT to achieve successful weaning [15].

Chest radiography was performed in all study patients 
in the morning prior to receiving LUS. All chest radio-
graphs were obtained in the anteroposterior view using 
mobile equipment. Chest radiograph findings were di-
vided into three classifications including unilateral air 
space opacification, bilateral air space opacification, and 
no significant abnormality.

 The final diagnosis was formulated by two pulmonolo-
gists, who reviewed the clinical manifestations, radio-
logic findings, laboratory data, LUS findings, and clinical 
progression.

3) Lung ultrasound measurements
 LUS was performed with the obtained clinical infor-

mation including symptoms, laboratory data, and chest 
radiographs. All LUS examinations were performed 
by two well-trained experts (HKK and HJS) with a 13-
MHz linear and 5-MHz curved array probe place over 
six standardized points for the BLUE protocol using an 
Acuson X300 ultrasound system (Siemens Healthineers, 
Erlangen, Germany) [7]. For patients who experienced 
difficult weaning during SBT [16], diaphragmatic move-
ment for inspiration and expiration was additionally mea-
sured at one of the lower intercostal spaces in the right 
anterior axillary line for the right diaphragm and the left 
midaxillary line for the left diaphragm. Ultrasonographic 
diaphragmatic dysfunction was diagnosed if an excursion 
was <10 mm or negative.

 According to the BLUE protocol, at the four ante-

rior chest walls, lung sliding with predominant A-lines, 
bilateral lung rockets, anterior lung rockets associated 
with abolished lung sliding, and unilateral lung rockets 
defined the A-profile, the B-profile, the B’-profile, and 
the A/B profile, respectively [7]. Anterior lung consolida-
tion, regardless of number and size, defined the C-profile. 
At the two posterior chest walls, lung consolidations and 
pleural effusions are evaluated [7,11-13].

 In LUS, pulmonary edema was defined as the presence 
of the B-profile with or without bilateral pleural effusion 
[7]. Pneumonia was defined as the presence of the B’-
profile, the A/B profile, the C-profile, and/or lung con-
solidations regardless of unilateral effusion at posterior 
chest wall [7,10-12,17]. Diffuse interstitial pattern with 
anterior consolidation was defined as the presence of 
the B-profile and the C-profile at least one anterior chest 
wall (Table 1). Pneumothorax was approached in LUS 
using the sole abolition of lung sliding [18]. Pleural ef-
fusion was defined as the presence of an anechoic space 
between the parietal and visceral pleura [12].

A total of 107 LUS examinations were performed in 67 
patients. When subjects underwent more than one LUS 
examination during the study period, data from only the 
first examination were used in the analysis.

4) Statistical analysis
 Baseline characteristics are presented as medians and 

interquartile ranges (IQRs) for continuous variables and 
as numbers (%) for categorical variables. The data were 
compared using the Mann-Whitney U-test for continuous 
variables and Pearson’s chi-square test or Fisher exact 
test for categorical variables. All statistical analyses were 

Table 1. Definition of diagnosis for LUS in this study

Variable
Right lung Left lung Both lung 

PLAPSUpper BLUE point Lower BLUE point Upper BLUE point Lower BLUE point

Pneumonia B’ or A/B or C profile B’ or A/B or C profile B’ or A/B or C profile B’ or A/B or C profile + 

Pulmonary edema B-profile B-profile B-profile B-profile ±

Diffuse interstitial pattern with 
anterior consolidation

B-profile B-profile B-profile B-profile ±

C profile at least one point of four BLUE points

LUS: lung ultrasound; BLUE: bedside LUS in emergency; PLAPS: posterolateral alveolar and/or pleural syndrome.
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performed using SAS version 9.3 (SAS Institute Inc., 
Cary, NC, USA).

Results

1) Baseline characteristics
 The baseline characteristics of 67 patients are sum-

marized in Table 2. The study patients included 47 males 
(70.1%) and 20 females (29.9%), with a median age of 
68 years (IQR, 55 to 78 years). The median number of 
examined LUS per person during the study period was 1 
(IQR, 1 to 2). Of the 67 patients, 33 (49.3%), 15 (22.4%), 
10 (15.0%), 6 (9.0%), 2 (3.0%), and 1 (1.5%) were neu-
rosurgical, thoracic surgical, orthopedic surgical, abdom-
inal surgical, obstetric surgical, and head and neck surgi-
cal patients, respectively. Twenty-three patients (34.3%) 

had trauma. Routine surgical procedures were performed 
for 49 patients (73.1%).

2) Indications and findings of performed LUS
 The indication for LUS included hypoxemia (n = 44, 

65.7%), abnormal chest radiographs without hypoxemia 
(n = 17, 25.4%), fever without both hypoxemia and 
abnormal chest radiographs (n = 4, 6.0%), and difficult 
weaning (n = 2, 3.0%) (Figure 2).

 A total of 55 patients were diagnosed with pulmonary 
edema (n = 27, 41.8%), pneumonia (n = 20, 29.9%), dif-
fuse interstitial pattern with anterior consolidation (n = 6, 
10.9%), pneumothorax with effusion (n = 1, 1.5%), and 
diaphragm dysfunction (n = 1, 1.5%), respectively, via 
LUS. Among 27 patients who were diagnosed with pul-
monary edema via LUS, 21 (77.8%) had bilateral pleural 
effusion. Among 20 patients who were diagnosed with 
pneumonia by LUS, both the A/B-profile and C-profile 
were observed in 16 patients (80%) (Table 3).

One patient, who was confirmed to have a pneumo-
thorax with effusion via LUS, was diagnosed with hemo-
pneumothorax using pleural fluid analysis. For 12 patients, 
LUS did not identify any lung complications. Among six 
patients who had hypoxemia, three patients had difficulty 
in self-expectoration of secretion, and three patients were 
diagnosed with sepsis. One patient, who had an abnormal 
chest radiograph without hypoxemia, was not finally diag-
nosed with pulmonary complications. Among patients who 
had fever without both hypoxemia and abnormal chest 
radiographs, two patients had central fever after cerebral 
hemorrhage, and one patient had a deep neck infection. 
One patient with difficult weaning had cardiac load caused 
by systolic and diastolic dysfunction.

3)  Final diagnosis based on the location of space opaci-
fication on chest radiographs and LUS findings

Based on the chest radiography findings, patients had 
unilateral air space opacification (n = 22, 32.8%), bi-
lateral air space opacification (n = 33, 49.3%), and no 
abnormal findings (n = 12, 17.9%). Among 22 patients 
with unilateral air space opacification, one patient (4.5%) 

Table 2. Baseline characteristics of study patients (n = 67)

Characteristic Value

Age (yr)  68 (55–78)

Male sex 47 (70.1)

Body mass index (kg/m2) 23.9 (21.9–28.4)

No. of examined LUS per person 1 (1–2)

Comorbidity

   Coronary artery disease 14 (20.9)

   Atrial fibrillation 3 (4.5)

   Chronic obstructive lung disease  9 (13.4)

   Rib fracture  7 (10.4)

   Previous lung surgery 2 (3.0)

   Chronic kidney disease 3 (4.5)

   Underlying malignancy 3 (4.5)

Department

   Neurosurgery 33 (49.3)

   Thoracic surgery 15 (22.4)

   Orthopedic Surgery 10 (15.0)

   Abdominal Surgery 6 (9.0)

   Obstetric surgery 2 (3.0)

   Head and neck surgery 1 (1.5)

Trauma 23 (34.3)

Surgical procedure 49 (73.1)

Values are presented as mean (interquartile range) or number (%).
LUS: lung ultrasound.
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was finally diagnosed with pulmonary edema, and three 
patients (13.6%) were not diagnosed with any pulmonary 
complications. Among 33 patients with bilateral air space 
opacification, five patients (15.2%) were diagnosed with 
pneumonia regardless of pulmonary edema. Further, of 12 

patients without chest radiograph abnormalities, three pa-
tients (25%) were diagnosed with pulmonary complications 
(Table 4). The image comparing chest radiograph and LUS 
in one case among three patients is shown in Figure 3. 

Based on LUS diagnosis, all 27 patients with pulmo-
nary edema for LUS were finally diagnosed with pul-
monary edema. Among 20 patients with pneumonia for 
LUS, 16 patients (80%) and four patients (20%) were 
finally diagnosed with pneumonia and atelectasis, respec-
tively. The 12 patients whose LUS abnormal findings 
were inconclusive were not diagnosed with any pulmo-
nary complications (Table 5).

Discussion

In the present study, we showed LUS was used for 

Figure  2. Overall flow diagram outlining the diagnoses of pulmonary complications. LUS: lung ultrasound; ARDS: acute respiratory dis-
tress syndrome.

Table 3. Findings of LUS in 53 patients with pulmonary edema, 
pneumonia, and diffuse interstitial pattern with anterior consoli-
dation

LUS diagnosis Findings of LUS (no. of patients)

Pulmonary edema  
(n = 27)

B-profile with bilateral effusion (21)
B-profile without bilateral effusion (6)

Pneumonia  
(n = 20)

A/B-profile and C-profile with unilateral effusion (8)
A/B-profile and C-profile without unilateral effusion (8)
A/B-profile with unilateral effusion (3)
C-profile with unilateral effusion (1)

Diffuse interstitial pat-
tern with anterior 
consolidation (n = 6)

B-profile and C-profile with bilateral effusion (6)

LUS: lung ultrasound.
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evaluation of hypoxemia, abnormal chest radiograph 
findings without hypoxemia, fever, and difficult weaning 

in 67 surgically ill patients. LUS was helpful for diag-
nosis of pneumonia, atelectasis, pulmonary edema, or a 
combination of these diseases in 53 patients (79.2%). In 
addition, based on the location of space opacification on 
chest radiographs, LUS was used to diagnose pneumo-
nia or atelectasis in four patients (17.4%) with bilateral 
abnormality and normal findings, and pulmonary edema 
in two patients (12.8%) with unilateral abnormality and 
normal finding.

The presence of infiltrates on a chest radiograph is con-

Table 5. The comparison between final diagnosis and LUS diag-
nosis

Diagnosis for LUS Final diagnosis (no. of patients)

Pulmonary edema (n = 27) Pulmonary edema (27)

Pneumonia (n = 20) Pneumonia (16), atelectasis (4)

Diffuse interstitial pattern with 
anterior consolidation (n = 6)

Pneumonia (2), pulmonary edema and 
pneumonia (2), pulmonary edema (1), 
ARDS (1)

Pneumothorax with effusion  
(n = 1)

Hemopneumothorax (1)

Diaphragm dysfunction (n = 1) Diaphragm dysfunction (1)

Nonvisible abnormal findings 
(n=12)

No evidence of pulmonary complications 
(12)

LUS: lung ultrasound; ARDS: acute respiratory distress syndrome.

Table  4. Final diagnosis according to abnormalities in chest ra-
diography

Chest radiographic findings Value

Unilateral air space opacification (n = 22)  

Pneumonia 15 (68.2)

Atelectasis 2 (9.1)

Pulmonary edema 1 (4.5)

Hemopneumothorax 1 (4.5)

No evidence of pulmonary complications 3 (13.6)

Bilateral air space opacification (n = 33)

Pulmonary edema 26 (78.8)

Pulmonary edema and pneumonia 2 (6.1)

Pneumonia 3 (9.1)

Atelectasis 1 (3.0)

ARDS 1 (3.0)

Within normal limit (n = 12)

No evidence of pulmonary complications 9

Pulmonary edema 1

Atelectasis 1

Diaphragm dysfunction 1

Values are presented as number (%) or number.
ARDS: acute respiratory distress syndrome.

A B

Figure  3. Comparison of a chest radiograph and lung ultrasound image in a representative case. (A) Chest anteroposterior view. Active 
lesions were not visible. (B) Lung ultrasound of the posterior chest wall. Hypoechoic consolidation with an air bronchogram (arrow) 
was noted.
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sidered the definitive marker for diagnosing pneumonia 
when clinical and microbiologic features are supportive 
[19-21]. Lung infiltrates may be difficult to identify in 
critically ill patients for whom only portable chest radi-
ography is available [20]. Furthermore, clinical symp-
toms including fever, cough, and sputum production may 
be difficult to identify in critically ill surgical patients. 
Decreased mental status in ICU patients makes it hard to 
express symptoms of pneumonia [1,2]. Moreover, both 
hypothermia and unreliable temperature due to interven-
tion such as renal replacement therapy could mask fever 
[22,23]. Previous studies showed that the sensitivity and 
specificity for the diagnosis of pneumonia using LUS 
were 81%–97% and 88%–97%, respectively, suggest-
ing that LUS is a useful test for diagnosing pneumonia 
when chest radiographic results are negative or incon-
clusive [13,14,24-28]. In this study, LUS detected lung 
parenchymal consolidation with air bronchogram in one 
patient without chest radiograph abnormalities.

 Pulmonary edema is secondary to accumulation of flu-
id in the lung interstitium or alveolar space [29]. Patients 
with extensive traumatic or surgical tissue injury, criti-
cal illness, or sepsis require replacement fluid therapy in 
addition to maintenance therapy, but fluid accumulation 
leading to a positive fluid balance could increase pul-
monary edema in critically ill surgical patients [30]. Al-
though chest radiographic findings of pulmonary edema 
include diffuse infiltrates regardless of pleural effusion 
and bilateral alveolar filling pattern [29], portable chest 
radiography in the critical care setting often yields inac-
curate images [31,32]. Previous studies showed the posi-
tive relationship between diffuse lung interstitial involve-
ment and bilateral sonographic B-lines [31,33-35]. In this 
study, two patients who showed no suspicious symptoms 
of pulmonary edema on chest radiographs were diag-
nosed with pulmonary edema during LUS. Additionally, 
noncardiogenic pulmonary edema is associated primarily 
with other clinical disorders, including pneumonia [29]. 
The final diagnosis for two patients in this study was pul-
monary edema and pneumonia.

The usefulness of LUS for diagnosis of pleural ef-

fusions has been previously demonstrated by several 
studies that performed LUS for ICU patients [32,36-38]. 
LUS helps distinguish between effusion and lung con-
solidations and is reliable for the identification of pleural 
effusion when compared to portable chest radiography 
[32,37]. The appearance of pleural effusion on LUS scans 
can suggest the nature of the fluid although a definitive 
diagnosis requires a thoracentesis to allow biochemical 
and microbiological analyses [39]. In addition, the ultra-
sound feature of multiple comet-tail artifacts can be help-
ful in the diagnosis of alveolar-interstitial syndrome [33]. 
Therefore, LUS could be useful to distinguish between 
pneumonia and pleural effusion.

Difficult weaning from mechanical ventilation is as-
sociated with increased patient morbidity and mortality 
[15]. Various factors including respiratory load, cardiac 
load, neuromuscular abnormalities, and metabolic dis-
orders could make it difficult to wean from mechanical 
ventilation [15]. LUS can be used to find diaphragmatic 
dysfunction caused by critical illness or neuromuscular 
abnormalities [16,40,41] and helps diagnose pneumonia or 
pulmonary edema related to respiratory load [12]. In our 
study, LUS was performed for detecting causes of difficult 
weaning in two patients. Since LUS can be used to assess 
lung parenchyma, pleural space, and diaphragm, its use 
may be helpful to detect causes of difficult weaning.

In surgical ICUs, the detection of pulmonary complica-
tions, which are major causes of morbidity and mortal-
ity, is an important challenge [1]. In our study, LUS was 
useful for diagnosing pulmonary complications, such as 
pneumonia, pulmonary edema, and diaphragm dysfunc-
tion. Especially, all patients who had visible abnormal 
findings during LUS were not diagnosed with pulmonary 
complications, suggesting that LUS could be used to ex-
clude pulmonary complications.

There are several limitations to the present study. First, 
this study was conducted as a retrospective design in 
a single center ICU. Patients admitted to surgical ICU 
could vary widely by institution. Second, there are oper-
ator-dependent limitations to LUS. LUS was performed 
by two LUS experts. However, to reduce operator-
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dependent limitations, all patients’ ultrasonographic find-
ings were reviewed by a supervisor. Third, since color 
Doppler in lung consolidation was not performed, we 
might not distinguish between dependent atelectasis and 
consolidation of infectious nature using LUS in several 
mechanically ventilated patients. The vascular pattern 
indicators within the consolidation, as assessed by color 
Doppler, could determine the etiology of pulmonary 
consolidations [24]. However, clinical findings includ-
ing patient history, physical examination, and laboratory 
analysis help distinguish between atelectasis and pneu-
monia in the present study. Fourth, many patients who 
underwent trauma and thoracic surgery were enrolled in 
this study. Lung contusion associated with severe trauma 
(Injury Severity score ≥16 and Glasgow Coma scale <8) 
is difficult to distinguish from pneumonia via LUS [42]. 
However, we did not use LUS as a tool for distinguish-
ing lung contusion from pneumonia in this study because 
most patients with severe trauma had undergone chest 
computed tomography during ICU admission periods. 
Performing LUS in patients who underwent thoracic sur-
gery could be negatively affected by various factors such 
as anatomical change due to manipulation, surgical dress-
ings, and chest tube. Many patients were diagnosed with 
pulmonary complications on the opposite side of their tho-
racic surgery in this study. Nonetheless, LUS in patients 
with thoracic surgery may have many limitations.

 In conclusion, LUS is used to evaluate clinical needs 
including hypoxemia, fever, abnormal chest radiographic 
findings, and difficult weaning. Furthermore, it is useful 
for diagnosis of pulmonary complications, such as pneu-
monia, pulmonary edema, and diaphragm dysfunction. 
Therefore, it is a useful method for evaluating surgically 
ill patients who might have pulmonary complications.
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