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Purpose: Cardiac, lung, and inferior vena cava (IVC) ultrasound are commonly performed in the care of emer
gency patients especially patient presented with hypotension or shock. However, the literature indicated the
limitation of IVC to assess shocked patients. This study aims to determine the efficacy of combined cardiac and
lung ultrasound for evaluation the etiology of shock.
Materials and Methods: A cross-sectional study was conducted on patient with shock at emergency department,
Srinagarind Hospital, Thailand, from January to December 2021. Adult shocked patients who met the criteria
were included in this study. Ultrasound and emergency department medical records were documented and
analyzed as sensitivity, specificity, predictive value, negative predictive value, diagnostic accuracy, and Cohen’s
kappa coefficient (κ).
Results: One hundred and two who met the criteria were enrolled. Combined cardiac and lung scans were found
to be accurate 99.02% and 93.04% in obstructive and cardiogenic shock. In patients with obstructive shock was
the almost perfect agreement, (κ) = 0.85. However, distributive, and hypovolemic shock had the low concor
dance with the final hospital diagnosis, (κ) = 0.37 and 0.43, respectively.
Conclusions: The integration of cardiac and lung ultrasound can be effectively used to narrow differential diag
nosis of shock.

1. Introduction
The detection of etiology of shock are critical. Some patients with
shock have a clear etiology, while others are undifferentiated due to the
signs and symptoms of shock might be subtle or obvious; in addition,
obtaining a history can be difficult or impossible. Point of Care ultra
sound (POCUS) is beneficial to provide valuable information to narrow
the etiology of shock and aid the assessment of fluid status in shocked
patient [1,2].
In the last two decade, most physicians in resource limited country

performed only the inferior vena cava ultrasound to evaluate patient
with shock. These due to the lack of POCUS knowledge and skills to
perform more complex POCUS in their patients, limited of POCUS ex
perts, limited in the number or new function of ultrasound machines in
Emergency department. Previous studies regarding the measurement of
inferior vena cava (IVC) diameter as a predictor of shock [3] and the
respiratory variation in IVC as the predictor of fluid responsiveness [4].
However, there are several limitations to use only IVC to assess the
etiology of shock [5,6]. According to a recent meta-analysis of the data
for IVC assessment, ultrasonography does not appear to be a reliable
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predictor of fluid receptivity. Sensitivities and specificities were 71 %
(95 %CI, 0.62–0.80) and 75 %, respectively (95 % CI, 0.64–0.85) [7].
In the absence of a reliable gold standard, assessing acute circulatory
insufficiency is difficult. Focused cardiac ultrasound [8–10] has
emerged as one of the most powerful techniques for clinicians to answer
basic clinical issues and guide treatment in hypotensive patients. Several
sonographic findings could be demonstrated include the left ventricle
and right ventricle chamber sizes, left ventricle systolic function, the
IVC, the presence of intramural mass, myocardial motion, and the
presence of pericardial effusion. Another application is lung ultrasound
[11–13] which demonstrate artifacts such as A line and B-line [14] that
have been suggested to be helpful to assess volume status in hypotensive
patients.
Currently, the multiorgan ultrasound system [15,16] have been
developed and applied in those patients. One of the novel diagnostic
approaches employed in recent years to detect all types of shock and its
causes is the Rapid Ultrasound in Shock (RUSH) protocol [17], which
consists of three steps, in which POCUS was performed in multiple or
gans to diagnosis at the patient’s bedside. Another new one is Global
Ultrasound Check for the Critically ill (GUCCI) [18] which organized
based on three syndromes including patient with shock. Nevertheless,
these protocols may take longer time to be performed especially in the
novice ultrasound practitioner.
Nowadays, there are various of dynamic measure of POCUS to assess
shocked patients specially to measure patient’s cardiac output by mea
sure left ventricular outflow tract diameter, velocity time integral.
Nevertheless, that technique is complex, need to be on professional hand
and limited in critical care man or anesthesiologist in resource limited
country. Most clinicians at Emergency department are familiar with the
gross evaluation of POCUS. Therefore, the development of POCUS cur
riculum in resource limited country is crucial. Currently, in Thailand,
there was POCUS experts only 12 people. However, in 2018, we
implemented POCUS curriculum in our emergency medicine residents.
Our previous study [19] have shown that most area of POCUS exami
nation performed by treating physician was cardiac, lung and IVC ul
trasound. Moreover, competence levels of POCUS skill acquisition were
evaluated and reported as satisfactory competence of image acquisition,
satisfactory image interpretation skills, and good clinical integration
skills.
According to this, the objective of this study aimed to propose the
integrating of cardiac and lung ultrasound which currently practice by
emergency physicians in resource limited country to assess the etiology
of shocked patients.

2.2. Data collection
The data consisted of clinical and sonographic variables. Sono
graphic examinations were performed and recorded within 1–2 h after
shocked patients visited at resuscitation room by 18 emergency medi
cine residents who completed 1-month POCUS training in the residency
training program. The Selection of cases depended on the treating
physician. Imaged were obtained and recorded by the Mindray M9
(Mindray, Shenzhen, China) which was the regular ultrasound machine
used in emergency room. The instrument equipped with a curved array
probe (1.4–5.1 MHz), phased array probe (1.1–4.4 MHz), and linear
probe (3–13 MHz) and allowed users to acquire two-dimensional im
aging using the M-mode, B-mode, and Color Doppler modes. Four
standard views of cardiac ultrasound including parasternal long axis
view, parasternal short axis view, subcostal view, and apical four
chamber view were recorded to mainly assess right ventricle chamber
sizes, left ventricle systolic function, aortic root size, the presence of
pericardial effusion, and other cardiac ultrasound findings: for example,
intramural mass, the presence of left ventricle D shape, Tricuspid
annular plane systolic excursion (TAPSE), or valvular abnormality. Lung
ultrasound was performed on eight-zone scanning area of the antero
lateral according to previous study [20] to evaluate lung sliding, A-lines,
B-lines, consolidation, and pleural effusion. Each ultrasound video clips
were recorded at least 6 s. Patient characteristics, diagnosis given by
using cardiac and lung sonographic findings (POCUS diagnosis), and
final hospital diagnosis were all acquired from electronic medical re
cord. The diagnosis was declared as four categories of shock including
(1) cardiogenic shock, (2) hypovolemic shock, (3) obstructive shock,
and (4) distributive shock. The results of the ultrasound examination
and clinical data were documented in a standardized format by two
independent investigators who was blinded to the treatment team. After
the patient was discharged or died, the clinical and ultrasonic charac
teristics were put into the database. The duplicate data entry was
completed. If the data did not match, senior investigator who had more
than ten years of experience with ultrasounds pro-vided the final deci
sion of data collection.
2.3. Study size
The sample size was calculated based on sample size estimation in
diagnostic test studies of biomedical informatics formula [21]. The es
timate for proportion of study population was made using data from a
previously published study [22]. This study set standard normal deviate
at 1.96, sensitivity at 0.923, and degree of accuracy at 0.10. A sample
size of 102 people was determined to be necessary.

2. Materials and methods
2.1. Study design and study population

2.4. Statistical analysis

This study was a single center, cross-sectional, observational analysis
study obtained from shocked patients presented to the emergency
department, Srinagarind hospital in Khon Kaen province, Thailand be
tween from January 2021 to December 2021. This hospital is the med
ical training center and advanced tertiary care institution in
northeastern Thailand, which has an average of roughly seventy thou
sand emergency room visit per year.
This study included adult patients who presented with shock during
the study period and met the following criteria. The inclusion criteria
were: (1) patients who were 18 years or older, (2) hypotension (systolic
arterial pressure less than 90 mmHg, mean arterial pressure less than 65
mmHg, or a 40 mmHg reduction in systolic blood pressure from base
line), (3) hyperlactatemia (arterial lactate greater than 2 mmol per liter),
and (4) patients who had only cardiac and lung ultrasound performed.
Patients who satisfied one of the following criteria were excluded: (1)
trauma patients, (2) cardiac arrest patients, (3) pregnant patients, and
(4) patients with missing data.

The data was input into Microsoft Excel and analyzed with IBM SPSS
for Windows version 27.0, which is licensed to Khon Kaen University
(SPSS Inc., Chicago, IL, USA). Un-less otherwise stated, continuous
variables are reported as mean and standard deviation, and categorical
variables are presented as number (n) or frequency (percent). The
sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of diagnosis were calculated. Cohen’s kappa coef
ficient (κ) was used to compare the agreement between POCUS diag
nosis and the final hospital diagnosis. The interpretation of the k
coefficient values was followed in the six categories [22].
2.5. Ethical consideration
The Khon Kaen University Ethics Committee for Human Research
approved this project (HE651088). Patients’ informed agreement was
not required because patient anonymity was protected by using a unique
study number.
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were diagnosed with distributive shock in the final hospital diagnostic,
as shown in Table 1.
In terms of the cardiac and lung sonographic pattern of hemody
namics in shock patients (Table 2), reduced left ventricle contractility
(100 %), followed by multiple B-lines (80 %) were found in cardiogenic
shock (Fig. 1). In hypovolemic shock, there are no pathological changes
in the ultrasound image of the lungs; however, the hyperdynamic left
ventricle found in 81.1 %. Sonographic findings which demonstrated in
obstructive shock were right ventricle dilatation (50 %) (Fig. 2), fol
lowed by pericardial effusion with tamponade (25 %) (Fig. 3), decrease
Tricuspid annular plane systolic excursion (TAPSE) (25 %), and absent
lung sliding (25 %) (Fig. 4). Our study discovered diverse levels of left
ventricle contractility in distributive shock, including hyper-dynamic
left ventricle (76.09 %), faired left ventricle contractility (13.04 %),
and reduced left ventricle contractility (10.87 %). From lung ultrasound
signs in distributive shock, 11 (23.91 %) out of 46 revealed signs of
pulmonary consolidation, including an air bronchogram in 8 cases
(17.39 %).
Among four type of shock, POCUS diagnosis for patient diagnosed
with hypovolemic shock had greatest sensitivity (81.08 %). It was
observed that the highest specificity (100 %) and the accuracy of POCUS
diagnosis (99.02%) found in patient diagnosed with obstructive shock.
The sonographic obstructive (κ = 0.85) and cardiogenic (κ = 0.70)
pattern was considered concordant to the final hospital diagnosis when
this latter was hypovolemic and distributive (Table 3).

Table 1
Final hospital diagnosis and POCUS diagnosis in 102 patients.
Category of shock

POCUS diagnosis (%)

Final hospital diagnosis (%)

Cardiogenic
Hypovolemic
Obstructive
Distributive

12 (11.76)
52 (50.98)
3 (2.94)
35 (34.31)

15 (14.70)
37 (36.27)
4 (3.92)
46 (45.09)

Table 2
The list of sonographic findings detected from ultrasound in patients diagnosed
from final hospital diagnosis divided from each type of shock.
Final hospital
diagnosis

Signs from cardiac ultrasound

Signs from lung ultrasound

Cardiogenic
shock
(n = 15) (%)

Reduced left
ventricle
contractility
Pericardial effusion

15
(100)

B-line

1 (6.67)

Hypovolemic
shock
(n = 37) (%)

Hyperdynamic left
ventricle
Small left ventricle
chamber
Pericardial effusion
with tamponade
Right ventricle
dilatation
Decrease TAPSE
Hyperdynamic left
ventricle
Reduced left
ventricle
contractility
Faired left ventricle
contractility

30
(81.1)
7 (0.19)

Pleural
effusion
A-line

Obstructive
shock
(n = 4) (%)
Distributive
shock
(n = 46) (%)

1 (25)
2 (50)
1 (25)
35
(76.09)
5
(10.87)
6
(13.04)

Absent lung
sliding

12 (80)
4 (26.67)
37 (100)

1 (25)

A-line

41 (89.13)

B-line

5 (10.87)

Pleural
effusion
Consolidation
Air
bronchogram

2 (4.35)

4. Discussion
Shock could be difficult to manage if clinician can’t detect the eti
ology of shock. According to this, POCUS provided the protocol to solve
this problem. The most popular one is RUSH protocol which exhibited
highly pooled sensitivity 87 % and specificity 98 % [17]. However, the
multiple organs must be performed to complete that examination which
could be take a longer time. Moreover, some organs may be difficult for
novice sonographer to perform, for example, deep venous scanning.
This study conducted in 102 shocked patients demonstrated two vital
organs scanning included cardiac and lung could determine etiology of
undifferentiated shock patients which was consistent with previous ul
trasound protocols that have some part of cardiac and lung ultrasound in
those protocols [23–25]. Our study illustrated combined cardiac and
lung ultrasound was effectively at least in substantial and almost perfect
agreement with cardiogenic and obstructive shock in final hospital
diagnosis, respectively. This result was consistent with another study
[26] which shown the Kappa’s correlation coefficient for comparing the
RUSH protocol.

11 (23.91)
8 (17.39)

3. Results
The study was conducted over a period of 12 months. A total of 130
patients who met the criteria were enrolled. Data were collected for 102
patients, with 28 had incomplete data. Male patients were represented
as 61 % in this study. The mean age was 52.8 ± 20.0 years. The mean
systolic and diastolic blood pressures were 74.8 ± 12.3 and 50.2 ±
10.28, respectively. The most common diagnosis in the POCUS diagnosis
was hypovolemic shock (50.98 %). The majority of patients (45.09 %)

Fig. 1. Representative of ultrasound image findings for cardiogenic shock; decrease left ventricle contraction (A) and multiple B-lines (B).
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Fig. 2. Representative of ultrasound image findings for obstructive shock; right ventricle (RV) dilatation in parasternal long axis view (A) and right ventricle
dilatation in parasternal short axis view (B).

Fig. 4. Representative of ultrasound image findings for obstructive shock;
Absent lung sliding in B mode and Barcode sign in M mode.

Table 3
Reliability indices and agreement of POCUS diagnosis (combined clinical and
POCUS examination) vs Final hospital diagnosis.

Fig. 3. Representative of ultrasound image findings for obstructive shock; large
pericardial effusion with swinging heart.

Among four type of shock, clinical diagnosis of obstructive shock was
difficult. Our study demonstrated cardiac and lung ultrasound had
highest specificity (100 %) and accuracy (99.02 %) to identify this type
of shock. Cardiac and lung ultrasound showed right ventricle dilatation
in patient diagnosed with pulmonary embolism, pericardial effusion
with tamponade and absent lung sliding in patient diagnosed with
pneumothorax. These sonographic findings which was similar to pre
vious studies [27–29] can easily and immediately perform to diagnose
this type of shock which was time sensitive disease.
Most type of shock in this study was distributive shock (45.09 %)
which was similar to previous study [30]. Cardiac ultrasound can be a
useful tool in the septic patient because it enables for early detection of
sepsis-related cardiac dysfunction which our study identified various
level of cardiac contractility in this group. Another study [31] demon
strated cardiac ultrasound may identify an unanticipated critical finding
in sepsis patient. Moreover, B-line artifacts finding appeared to repre
sent the left ventricular function and volume status of the patient [32,

Reliability
indices

Cardiogenic
shock
(n = 15)

Hypovolemic
shock
(n = 37)

Obstructive
shock
(n = 4)

Distributive
shock
(n = 46)

Sensitivity
(%)
Specificity
(%)
PPV (%)
NPV (%)
Accuracy
Cohen’s
kappa
coefficient
(κ)

66.67

81.08

75.00

54.35

97.70

66.15

100.00

82.14

83.33
94.44
93.14
0.70

57.69
86.00
71.57
0.43

100.00
98.99
99.02
0.85

71.42
68.66
69.61
0.37

33]. However, the accuracy of POCUS diagnosed in distributive shocked
patient was only 69.61 % which the agreement of with the final hospital
diagnosis was fair. This was contrast to previous study [22].
Our study noticed the important findings which can be rapidly aid
treating physician to identify type of shock in most patient that was (1)
reduced left ventricle contractility and B line were found in cardiogenic
shock, (2) All hypovolemic patients had A-line, (3) patient with
distributive shock can have variety of left ventricle contractility level,
and (4) lung ultrasound can identify pulmonary infection which may be
found in distributive shock.
The study’s limitations were (1) This was the single center study,
4
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which may have a different perspective on the studied population than
other organizations. As a result, data should be gathered from a variety
of research organizations, (2) this study was observational study, (3) this
study did not compare the reliability index of using IVC scanning in
shocked patient, (4) this study did not compare other diagnostic
methods of POCUS in shocked patient due to it did not practically
perform in our ER, (5) The expertize and skill of the ultrasonographic
operator was not evaluated in this study, and 6) our research did not
demonstrate the correlation between POCUS examination and changes
in patient treatment and patient outcomes.
The result of this study which used POCUS diagnosis demonstrated
lower number of reliability indices than previous study [22,34]. This
implies that, first, while clinical assessment or POCUS alone are both
inaccurate in accurately identifying a patient with unexplained shock,
using POCUS in conjunction with clinical evaluation increases diag
nostic accuracy in the ED and can help guide appropriate therapy.
Secondly, multiple body regions of scanning may increase reliability
indices since people are complicated and generally have multiple
comorbidities.

The authors would like to express our sincere gratitude to Josh
Macknick for acting as an English consultant.
References
[1] M.I. Sasmaz, F. Gungor, R. Guven, K.C. Akyol, N. Kozaci, M. Kesapli, Effect of
focused bedside ultrasonography in hypotensive patients on the clinical decision of
emergency physicians, Emerg. Med. Int. (2017), 6248687, https://doi.org/
10.1155/2017/6248687.
[2] H. Shokoohi, K.S. Boniface, A. Pourmand, Y.T. Liu, D.L. Davison, K.D. Hawkins, R.
E. Buhumaid, M. Salimian, K. Yadav, Bedside ultrasound reduces diagnostic
uncertainty and guides resuscitation in patients with undifferentiated hypotension,
Crit. Care Med. 43 (2015) 2562–2569, https://doi.org/10.1097/
CCM.0000000000001285.
[3] S. Sefidbakht, R. Assadsangabi, H.R. Abbasi, A. Nabavizadeh, Sonographic
measurement of the inferior vena cava as a predictor of shock in trauma patients,
Emerg. Radiol. 14 (2007) 181–185, https://doi.org/10.1007/s10140-007-0602-4.
[4] E. Long, E. Oakley, T. Duke, F.E. Babl, Paediatric research in emergency
departments international collaborative (PREDICT). Does respiratory variation in
inferior vena cava diameter predict fluid responsiveness: a systematic review and
meta-analysis, Shock 47 (2017) 550–559, https://doi.org/10.1097/
SHK.0000000000000801.
[5] S. Furtado, L. Reis, Inferior vena cava evaluation in fluid therapy decision making
in intensive care: practical implications, Rev. Bras. Ter. Intensiv. 31 (2019)
240–247, https://doi.org/10.5935/0103-507X.20190039.
[6] J. Horejsek, J. Kunstyr, P. Michalek, M. Porizka, Novel methods for predicting fluid
responsiveness in critically ill patients – a narrative review, Diagnostics 12 (2022)
513, https://doi.org/10.3390/diagnostics12020513.
[7] D. Orso, I. Paoli, T. Piani, F.L. Cilenti, L. Cristiani, N. Guglielmo, Accuracy of
ultrasonographic measurements of inferior vena cava to determine fluid
responsiveness: a systematic review and meta-analysis, J. Intensive Care Med. 35
(2020) 354–363, https://doi.org/10.1177/0885066617752308.
[8] K.L. Mok, Make it SIMPLE: enhanced shock management by focused cardiac
ultrasound, J. Intensive Care 51 (2016), https://doi.org/10.1186/s40560-0160176-x.
[9] U. Ganas, J.J. Malan, S.R. Bruijns, A descriptive study of the use of cardiac point of
care ultrasound (PoCUS) in public emergency centres in Cape Town, Afr. J. Emerg.
Med. 10 (2020) 239–242, https://doi.org/10.1016/j.afjem.2020.07.016.
[10] A.R. Patel, A.R. Patel, S. Singh, S. Singh, I. Khawaja, Cardiac ultrasound in the
intensive care unit: a review, Cureus 11 (2019), e4612, https://doi.org/10.7759/
cureus.4612.
[11] D.A. Lichtenstein, Lung ultrasound in the critically ill, Ann. Intensive Care 4 (2014)
1, https://doi.org/10.1186/2110-5820-4-1.
[12] D. Lichtenstein, FALLS-protocol: lung ultrasound in hemodynamic assessment of
shock, Heart Lung Vessel 5 (2013) 142–147.
[13] K. Ienghong, T. Suzuki, I. Celebi, V. Bhudhisawasdi, S. Tiamkao, D. Gaysonsiri,
K. Apiratwarakul, B-line artifact as a diagnostic tool in various conditions at the
emergency department, Open Access Maced. J. Med Sci. 9 (2021) 369–372,
https://doi.org/10.3889/oamjms.2021.6041.
[14] J. Wang, X. Yang, B. Zhou, J.J. Sohn, J. Zhou, J.T. Jacob, K.A. Higgins, J.
D. Bradley, T. Liu, Review of machine learning in lung ultrasound in COVID-19
pandemic, J. Imaging 8 (2022) 65, https://doi.org/10.3390/jimaging8030065.
[15] D.F. Gaieski, M. Mikkelsen, Definition, classification, etiology, and
pathophysiology of shock in adults, U: UpToDate (2017) 2–150.
[16] D. Peterson, R.T. Arntfield, Critical care ultrasonography, Emerg. Med Clin. North
Am. 32 (2014) 907–926, https://doi.org/10.1016/j.emc.2014.07.011.
[17] M. Keikha, M. Salehi-Marzijarani, R. Soldoozi Nejat, H. Sheikh Motahar Vahedi, S.
M. Mirrezaie, Diagnostic accuracy of rapid ultrasound in shock (RUSH) exam; a
systematic review and meta-analysis, Bull. Emerg. Trauma 6 (2018) 271–278,
https://doi.org/10.29252/beat-060402.
[18] J. Tavares, R. Ivo, F. Gonzalez, T. Lamas, J.J. Mendes, Global ultrasound check for
the critically lll (GUCCI) – a new systematized protocol unifying point-of-care
ultrasound in critically ill patients based on clinical presentation, Open Access
Emerg. Med (2019) 133–145, https://doi.org/10.2147/OAEM.S199137.
[19] K. Ienghong, L.W. Cheung, S. Tiamkao, V. Bhudhisawasdi, K. Apiratwarakul,
Integrating point of care ultrasound education into clinical practice at the
emergency department, Tomography (2022) 1052–1059, https://doi.org/
10.3390/tomography8020085.
[20] G. Volpicelli, A. Mussa, G. Garofalo, L. Cardinale, G. Casoli, F. Perotto, C. Fava,
M. Frascisco, Bedside lung ultrasound in the assessment of alveolar-interstitial
syndrome, Am. J. Emerg. Med. (2006) 689–696, https://doi.org/10.1016/j.
ajem.2006.02.013.
[21] K. Hajian-Tilaki, Sample size estimation in diagnostic test studies of biomedical
informatics, J. Biomed. Inf. (2014) 193–204.
[22] R.H. Javali, A. Loganathan, M. Srinivasarangan, A. Patil, G.B. Siddappa,
N. Satyanarayana, A.S. Bheemanna, S. Jagadeesh, S. Betkerur, Reliability of
emergency department diagnosis in identifying the etiology of nontraumatic
undifferentiated hypotension, Indian J. Crit. Care Med 24 (2020) 313–320, https://
doi.org/10.5005/jp-journals-10071-23429.
[23] A.J. Viera, J.M. Garrett, Understanding interobserver agreement: the kappa
statistic, Fam. Med. (2005) 360–363.

5. Conclusions
Integrated cardiac and lung POCUS obtained in the emergency
department demonstrated fair to almost perfect agree with a post hoc
clinical analysis of the etiology of shock. This study suggests that this
ultrasound approach performed in these patient group was useful for
identify etiology of shock and used in routine practice in emergency
department in resource limited country.
Funding
This research was supported by Faculty of Medicine, Khon Kaen
University, Thailand (Grant number IN65225).
CRediT authorship contribution statement
Kamonwon Ienghong: Conceptualization, Methodology, Valida
tion, Formal analysis, Investigation, Data Curation, Writing - Original
Draft, Writing - Review & Editing, Project administration, Funding
acquisition, Lap Woon Cheung: Conceptualization, Validation, Formal
analysis, Resources, Writing - Original Draft, Supervision, Somsak
Tiamkao: Methodology, Investigation, Resources, Visualization, Su
pervision, Vajarabhongsa Bhudhisawasdi: Formal analysis, Investi
gation, Resources, Visualization, Supervision, Korakot Apiratwarakul:
Conceptualization, Methodology, Validation, Formal analysis, Investi
gation, Data Curation, Writing - Original Draft, Writing - Review &
Editing, Project administration.
Ethical statement
Institutional Review Board Statement: The study was conducted
according to the guidelines of the Declaration of Helsinki, and approved
by Ethics Committee of Khon Kaen University (HE651088).
Informed Consent Statement
Informed consent from the patients was waived since patient confi
dentiality protection had been guaranteed as patients were not identi
fied by name, but rather by a unique study number.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
5

K. Ienghong et al.

European Journal of Radiology Open 9 (2022) 100446
[30] G. Via, S. Price, E. Storti, Echocardiography in the sepsis syndromes, Crit.
Ultrasound J. 3 (2011) 71–85, https://doi.org/10.1007/s13089-011-0069-0.
[31] S.J. Beesley, E. Egan, M.J. Lanspa, E.L. Wilson, E.L. Hirshberg, C.K. Grissom,
R. Burk, S.M. Brown, Unanticipated critical findings on echocardiography in septic
patients, Ultrasound J. 12 (2020) 12, https://doi.org/10.1186/s13089-020-00162x.
[32] P. Lomoro, F. Verde, F. Zerboni, I. Simonetti, C. Borghi, C. Fachinetti, A. Natalizi,
A. Martegani, COVID-19 pneumonia manifestations at the admission on chest
ultrasound, radiographs, and CT: single-center study and comprehensive radiologic
literature review, Eur. J. Radiol. Open 7 (2020), 100231, https://doi.org/10.1016/
j.ejro.2020.100231.
[33] F. Hacıalioğulları, F. Yılmaz, A. Yılmaz, B.M. Sönmez, T.A. Demir, M.A. Karadaş,
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