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The effect of the emergency physicians' clinical decision of targeted

ultrasonography application in non-traumatic shock patients

SE Dinc, S Soyuncu, B Dinc, A Oskay, F Bektas

Introduction: Clinical evaluation of non-traumatic shock patients with high risk of mortality and morbidity
is problematic for emergency physicians. In this study, changes in the investigations, diagnosis and treatment
decision of the physicians using the Abdominal and Cardiac Evaluation with Sonography in Shock (ACES)
protocol were examined. Methods: In this clinical prospective study, the patients were ultrasonographically
examined within the scope of the ACES protocol at 6 quadrants including cardiac, pleural, peritoneal,
inferior vena cava and aorta. Pre- and post-US investigations, diagnoses and treatments were compared.
Results: A total of 141 patients were included in this study. Of these, 92 (65.2%) of the patients were males
and 49 (34.8%) were females. The average age of the patients was 62.9±16.8 years (18-97). After the
ultrasonographic evaluation, request for new investigations was needed in 25 (17%), and modification of
the treatment was needed in 57 (40.4%) of the patients. It was seen that with a targeted ultrasonography
(US), the number of the considered pre-diagnoses decreased in 51 (36.2%) of the patients, and the physicians
made a new pre-diagnosis in 6 (4.3%) of the patients. When the pre-diagnoses made by the physicians after
the US and the final diagnoses clinically made at the end of the follow-up process were compared, there were
no changes in the diagnoses in 124 (87.9%) patients. Conclusion: Ultrasonographic examination is considered
useful for rapid evaluation, early diagnosis and treatment planning in non-traumatic shock patients in
emergency department. (Hong Kong j.emerg.med. 2015;22:364-370)
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Introduction

The term "shock" was firstly used by French surgeon
Le Dran in eighteenth century for soldiers having severe
post-traumatic blood loss, and started to appear also
in the medical literature in nineteenth century.1

Shock can be defined as a condition characterised by
insufficient supply of oxygen and nutrients to vital
organs compared to metabolic need.2 Despite its high
prevalence and morbidity, the lack of a widely accepted
definition and clear diagnosis criteria hinders a
comprehensive epidemiologic data follow-up.3 Arterial
hypotension, defined as a systolic blood pressure below
100 mmHg, was found in 19% of patients admitted
to the emergency department.4 According to the
estimations, over 1.2 million of patients were admitted
to emergency department each year.5 Mortality rates
in shock patients vary depending on the cause. While
mortality due to septic shock is 40%-60%, mortality
due to cardiogenic shock ranges between 36%-56%.6

In shock patients, making the diagnosis before
the onset of organ dysfunction is very important in
order to reduce morbidity and mortality. Determining
the accurate cause of shock in emergency department
is possible only in 25% to 50% of the cases.7,8

Diagnostic accuracy rises to 80% thanks to bedside
ultrasonography (US) performed according to the
emergency department protocol.8

US was firstly used by emergency department staff in
1980s to exclude 'silent' diagnoses9 and today its areas
of use have substantially expanded due to its non-
invasive nature and bedside applicability. US is being
commonly used in emergency department as a guide
for compelling interventions, to evaluate the anatomy
and functions of visceral organs, and to determine
pathological conditions such as source of pain.
US application in emergency department is different
from others. Emergency US can be performed
simultaneously with physical  examination or
resuscitation, and tries to find a response to a focused
clinical problem in minutes. This application can be
described as an extension to palpation, which is a part
of physical examination, and as a visual stethoscope.10

Today US is being frequently used in emergency
department for diagnosis of organ injury and
determination of free fluid in traumatic patients, in
biliary and renal pathologies, in determination of
abdominal aortic aneurysm or deep vein thrombosis,
and in invasive interventions.

In this clinical study, the effect of "targeted US in non-
traumatic shock patients" in emergency department
on the clinical judgement of the physicians would be
explored.

Methods

This clinical, prospective, single-centre study was
conducted on patients who were admitted to the
Akdeniz University Hospital Emergency Department
with non-traumatic shock. Approval of the local ethics
committee and informed consent from the patients
were obtained before the study. The academic
personnel, nurses and triage staff working in the
emergency department were informed about the flow
of the study.

In the study, non-traumatic patients with systolic blood
pressure of <100 mmHg or shock index (the ratio of
pulse to systolic blood pressure) >1 and aged ≥16 years
were included. Patients who were traumatic, had
cardiopulmonary resuscitation, were pregnant, were
aged <16 years, disagreed to participate and from
whom the consent could not be obtained were excluded
from the study.

In the patients who were included in the study, after
the initial  examination and stabil isation were
performed and the study forms were completed with
the information about the patients, admission
complains, onset time of the complains, Glasgow Coma
Scale (GCS) and vital parameters (arterial blood
pressure, pulse, respiratory rate, body temperature and
pulse oximetry), the study was started. After the
medical history was obtained and the physical
examination was performed, as the first part of
the study, the pre-diagnosis for the cause of the
shock, the diagnostic laboratory tests (whole blood
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count,  blood biochemistry parameters,  blood
gases and others) ,  the imaging invest igations
(electrocardiography, chest X-ray, US, computed
tomography and others) and the required treatment
applications were marked on the study form 1. The
treatment applications were grouped as antibiotics,
positive inotropic treatment, intravenous fluid, steroid
therapy, blood transfusion and the others.

After the initial study form was completed, US
examinations for the patients were performed. The
"Abdominal and Cardiac Evaluation with Sonography
in Shock" (ACES) protocol was applied to the patients.
In this protocol, ultrasonographic cardiac (pericardial
fluid, right ventricular diameter, left ventricular
function), pleural, peritoneal, inferior vena cava (IVC)
and aorta (aorta diameter increase, intra-abdominal
free fluid, flaps in the aorta, thrombi in the wall of
aorta) evaluations of the patients were performed.

US examination focused on these structures for
evaluation was included in the routine Emergency
Medicine Education schedule and practically applied
on the patients within the scope of the routine
applications. Moreover, 2-hour theoretical and 4-hour
practical training were provided to the operators on
"focused US applications in shock patients".

After the US examination, the study form 2 would be
completed. During this stage, the pre-diagnosis for the
cause of the shock, the diagnostic laboratory and
imaging investigations and the required treatment
applications were recorded again on the study form 2.
After this period, the relation of the patients to the
study was discontinued, and their routine treatments
were continued. After the routine evaluation in the
emergency department, the final diagnoses were
recorded. The outcome (discharge, hospitalisation,
referral or died), and the discharge time were recorded
on the last part of the study form 2.

The US examinations of the patients were performed
using Sonosite MicroMaxx® branded USG device,
which was  rout ine ly  used in  the  emergency
department. The US device had one high frequency
HFL 38/13-6 MHz linear probe, one C60/5-2 MHz

convex probe and one P17/5-1 MHz sector probe. The
probe, having a 38-mm linear surface, provided a
screening depth of 60 mm, while the sector probe,
having a 17-mm surface, provided a screening depth of
25 cm. The convex probe had a surface area of 60 mm.

The statistical analysis was performed using SPSS for
Windows 21.0 software. The demographic and clinical
properties of patients were expressed using mean±
standard deviation (SD), median, range and percentage
(%) values. While dichotomous parameters as changes
assays, treatment and diagnosis after ultrasonography
were investigated with McNemar-Bowker test, ordinal
parameters such as change of initial diagnosis were
investigated using Friedman tests. Results were
evaluated within the 95% confidence interval (CI) and
at a significance level of 0.05.

Results

Throughout the study period, 144 patients who met
the inclusion criteria were included in the study.
However three patients were excluded because they
refused to participate in the study (Figure 1). Of the
141 patients, 92 (65.2%) were males and 49 (34.8%)
were females. The average age of the patients was
62.9±16.8 years (18-97). The average of the GCS

Figure 1.  Patient flow chart.
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values was 14.1±2.4. The average time in the
emergency department was 291.2±203.5 minutes (30-
1185). The number of the obese patients (body mass
index >30) was 28 (19.9%). The demographics and
vital signs of the patients are shown in Table 1.

The targeted US findings are shown in Table 2. Of the
5(3.5%) with abdominal aortic aneurysm (Aortic
diameter >3 cm), only 1 (0.7%) had thrombi in the
wall of aorta. None of these patients had intra-
abdominal free fluid or aortic flaps. IVC collapse,
which, when observed ultrasonographically, suggested
to the clinicians that the shock was caused by
hypovolemic or a distributive cause was detected in
38 (27%) patients. Of these patients, only 10 (26.3%)
could be discharged, 14 (36.8%) were hospitalised in
the ward, 12 (31.5%) were hospitalised in the intensive
care unit, and 2 (5.2%) died. Among the patients
evaluated, the most common pathology found using
US examination was left ventricular dysfunction, which
was seen in 81 (57.5%).

In the 141 patients who were admitted to the
emergency department with a clinical picture of shock,
after the targeted US examination, some of the
considered pre-diagnoses were removed or new pre-

diagnoses were added in totally 57 (40.5%) patients.
As a result of this, new investigations such as blood
sample test, computed tomography or X-ray were
needed in 25 (17.7%) patients, and the treatment was
changed such as intravenous hydration, positive
inotropic treatment, antibiotic treatment in 57 (40.4%)
patients (p<0.001). When the final diagnoses were
made after all evaluations were compared with the pre-
diagnoses, diagnostic change was seen only in 17 (12.1%)
patients (Table 3).

The processes of the patients after treatment in the
emergency department are shown in Table 4. The result
showed that only 43 (30.5%) of the patients in this
group could be discharged. Of the remaining patients,
39 (27.7%) were hospitalised in the intensive care
units and 4 (2.8%) dies (2 due to sepsis, 1 due to
dysrhythmia and 1 due to massive gastrointestinal
bleeding). The fact that totally 98 (69.5%) patients
were hospitalised or died, of whom 43 (30.5%) with
very severe conditions, reintroduced the importance
of this study group in terms of health.

Table 1.  Demographic characteristics of the patients and vital

signs

Patient characteristics Mean±±±±±SD

Demographic features

Age (year) 62.9±16.8

Gender (M/F)* 65.2/34.8

Glasgow Coma Scale 14.1±2.4

Time of stay in the emergency 291.2±203.5
department (minute)

Vital parameters

Systolic blood pressure (mmHg) 92.3±18.9

Pulse (/minute) 113.3±36

Respiratory rate (/minute) 27.3±8.9

Temperature (oC) 36.8±0.9

Pulse oximetry (%) 91.9±8.7

*Values are given in percent

SD=standard deviation

Table 2.  The ultrasonographic findings in patients with shock

Anatomical region Yes No

Number (%) Number (%)

Intraperitoneal free fluid 15 (10.6%) 126 (89.4%)

Intrapleural fluid 20 (14.2%) 121 (85.8%)

Abdominal aortic aneurysm
Aortic diameter (>3 cm) 5 (3.5%) 136 (96.5%)
Intra-abdominal free fluid* 0 (0%) 141 (100%)
Appearance of flap in aortic* 0 (0%) 141 (100%)
Thrombus in the wall of the aorta* 1 (0.7%) 140 (99.3%)

Collapse of the inferior vena cava 38 (27%) 103 (73%)

Pericardial fluid 20 (14.2%) 121 (85.8%)

Right ventricular diameter
Normal 120 (85.1%)
Dilated 21 (14.9%)

Left ventricular function
Hyperdynamic 58 (41.1%)
Normal 60 (42.6%)
Mildly decreased 17 (12.1%)
Severe decreased 6 (4.3%)

*Ultrasonographic findings accompanying abdominal aortic aneurysm.



Hong Kong j. emerg. med.  Vol. 22(6)  Nov 2015368

The final diagnoses made after the emergency
department evaluations for the study patients are
shown in Table 5. As seen in this table, the majority of
the diagnoses consisted of primary infective conditions
followed by cardiopulmonary diseases. The result
showed that the proportion of the conditions treatable
with early diagnosis and appropriate approaches was
high, and this increases the tendency towards the
dynamic studies on this subject.

Discussion

Nowadays, the number of patients admitted to
emergency department is increasing. Due to the
increased life expectancy, patients who are both elderly
and have many co-morbid conditions are more
frequently admitted to emergency department. This
further increases the need for rapid diagnosis and
treatment. Therefore, physicians have to utilise
diagnostic methods that are easy-to-use, rapidly
accessible and have the least potential side effects. As
in other specialties, US applications have increasingly
being used also in emergency medicine, and are now
an indispensable part of patient care. In emergency
department, US has provided early diagnosis or

Table 3.  Evaluation of changes assays, treatment and diagnosis

after ultrasonography

Evaluations n (%) p

New assays
Yes 25 (17.7%)

0.252No 116 (82.3%)

Change of treatment
Yes 57 (40.4%)

<0.001No 84 (59.6%)

Change of initial diagnosis
No change 84 (59.6%)
Decrease 51 (36.2%) 0.167
Increase 6 (4.3%)

Comparison with the initial
diagnosis of definitive diagnosis

No change in diagnosis 124 (87.9%)
0.274Change in diagnosis 17 (12.1%)

Table 4.  Processes of patients after emergency treatment

Processes n (%)

Discharged 43 (30.5%)

Admission to intensive care unit 29 (20.6%)

Hospitalisation 55 (39.0%)

Referred to other centres 10 (7.1%)

Died 4 (2.8%)

Total 141 (100%)

Table 5.  Causes of illnesses

Causes of illnesses n (%) Causes of illnesses n (%)

Sepsis 40 (28.4%) Excessive intake of drugs 2 (1.4%)

Dehydration 22 (15.6%) Massive pleural effusion 2 (1.4%)

Acute renal failure 11 (7.8%) Chronic obstructive pulmonary disease attack 2 (1.4%)

Abdominal infection 9 (6.4%) Valvular dysfunction 1 (0.7%)

Drug side effects 9 (6.4%) Anaphylaxis 1 (0.7%)

Dysrhythmias 8 (5.7%) Cerebral oedema 1 (0.7%)

Left ventricular failure 7 (5.0%) Acute leukocytosis 1 (0.7%)

Pulmonary thromboembolism 7 (5.0%) Pericarditis 1 (0.7%)

Gastrointestinal bleeding 4 (2.8%) Vasovagal syncope 1 (0.7%)

Anaemia 3 (2.1%) Hyperosmolar coma 1 (0.7%)

Cardiac tamponade 2 (1.4%) Bowel obstruction 1 (0.7%)

Acute myocardial infarction 2 (1.4%) Cor pulmonale 1 (0.7%)

Mesenteric ischaemia 2 (1.4%) Total 141 (100%)
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exclusion of many important conditions as well as
enabling safer interventions, saved the life of numerous
patients or enhanced the quality of care.11

Patient with non-traumatic shock condition for which
the cause cannot be explained is one of the critical
admissions most frequently seen in the emergency
department. In this patient group, early diagnosis and
targeted treatment are essential factors for good
survival. In their study in 2004, Jones et al12 found
that hypotension in shock patients was the strongest
marker of negative outcome among the clinical
variables. Again in the same study, it was demonstrated
that persistent hypotension was an independent
determinant of mortality, intensive care need and organ
failure. Hypotension has been considered to be more
successful to demonstrate blood loss than heart rate.
Despite tachycardia is generally considered as an early
finding of hypovolemia, heart rate may change due to
other internal and external stimuli. Shock index is a
physiological variable that correlates well with left
ventricular diastolic end pressure.13 Therefore, our
study population consisted of patients who had shock
index >1, and who were clinically considered as
suffering from shock.

The traditional physical examination techniques may
be misleading in terms of complex shock physiology.
Shock patients have high mortality and this correlates
with the severity and duration of hypotension.
Therefore, the diagnosis and initial care should be
correct. While US performed by radiologists focuses
on anatomy and pathology, the area of importance is
shifted to the physiological evaluation in the US
performed by clinicians.

Shock is a condition that should be diagnosed as soon
as possible in emergency department patients due to
its risk of morbidity and mortality. A bedside US
application is very important to determine the possible
causes of shock for emergency physicians. During the
recent years, US has been clinically used in various
areas and is very useful for physicians during the stage
of judgement about patients.14-16 Non-traumatic shock
patients are one of these difficult groups. In this patient
group, the applicability and efficacy of US should be

demonstrated with studies in order for it to be widely
used and to be included in the emergency medicine
schedule as a routine application.

Targeted US application in non-traumatic shock
patients was examined in two studies conducted in
20047 and 2009.17 The targeted US application in the
study by Jones et al12 did not include upper left
quadrant evaluation.

In order to accelerate the diagnostic process and to
start the targeted treatment in the most appropriate
and most rapid manner, Atkinson et al17 conducted a
study in 2008. The authors created an ACES protocol.
In this protocol, the patients were ultrasonographically
evaluated at 6 quadrants including cardiac, pleural,
peritoneal, inferior vena cava and aorta. The ACES
protocol was considered useful especially during the
initial management stage until detailed information can
be obtained about the patients, and was described as
an applicable method complementing the clinical
evaluation for undifferentiated hypotensive patients in
emergency department. In our study, we investigated
whether the targeted US examinations defined in the
ACES protocol can make a change in the physicians'
clinical diagnosis and treatment selections.

During the course of our study, some of the subjects
recruited required request of new investigations and/
or treatment modification after a targeted US
examination. When we compared the pre-diagnoses we
made before and after the US examination using the
final diagnosis as the reference, we found a reduction
in the number of pre-diagnoses or determination of
new pre-diagnoses. US examination is considered
useful for rapid evaluation, early diagnosis and
treatment in non-traumatic shock patients in
emergency department.

Conclusions

Targeted US application in non-traumatic shock
patients in emergency department has an impact on
reduction of requested investigations, change of
treatment selection and discovery of new diagnoses.



Hong Kong j. emerg. med.  Vol. 22(6)  Nov 2015370

References

1. Cairns CB. Rude unhinging of the machinery of life:
metabolic approaches to hemorrhagic shock. Curr Opin
Crit Care 2001;7(6):437-43.

2. Antonelli M, Levy M, Andrews PJ, Chastre J, Hudson
LD, Manthous C, et al. Hemodynamic monitoring in
shock and implications for management. International
Consensus Conference, Paris, France, 27-28 April 2006.
Intensive Care Med 2007;33(4):575-90.

3. Strehlow MC. Early identification of shock in critically
ill patients. Emerg Med Clin N Am 2010;28(1):57-66.

4. Jones AE, Yiannibas V, Johnson C, Kline JA. Emergency
department hypotension predicts sudden unexpected in-
hospital mortality: A prospective cohort study. Chest
2006;130(4):941-6.

5. Pitts SR, Niska RW, Xu J, Burt CW. National Hospital
Ambulatory Medical Care Survey: 2006 emergency
department summary. Natl Health Stat Report 2008;7
(6):1-38.

6. Moscucci M, Bates ER. Cardiogenic shock. Cardiol Clin
1995;13(3):391-406.

7. Jones  AE,  Taya l  VS,  Sul l ivan DM, Kl ine  JA.
Randomized, controlled trial of immediate versus
delayed goal-directed ultrasound to identify the cause
of nontraumatic hypotension in emergency department
patients. Crit Care Med 2004;32(8):1703-8.

8. Moore CL, Rose GA, Tayal VS, Sullivan DM, Arrowood
JA, Kline JA. Determination of left ventricular function
by emergency  phys ic ian  echocardiography of
hypotensive patients. Acad Emerg Med 2002;9(3):186-
93.

9. Tayal VS, Glass CM. Emergency Ultrasound. In: Marx
JA, Hockberger RS, Walls RM, Adams JG, Barsan WG,

Biros MH, Danzl DF, et al. Rosen's Emergency
Medicine Concepts and Clinical Practice. 7th ed.
Philadelphia: Mosby Elsevier 2010;2531-9.

10. American College of Emergency Physicians. ACEP
emergency ultrasound guidelines-2001. Ann Emerg
Med 2001;38(4):470-81.

11. Eurle B, Butler K. Diagnostic ultrasonography in
emergency medicine. Critical Decisions in Emergency
Medicine 2004;18:1-8.

12. Jones AE, Aborn LS, Kline JA. Severity of emergency
department hypotension predicts adverse hospital
outcome. Shock 2004;22(5):410-4.

13. Birkhahn RH, Gaeta TJ, Terry D, Bove JJ, Tloczkowski
J. Shock index in diagnosing early acute hypovolemia.
Am J Emerg Med 2005;23(3):323-6.

14. Brooks A, Davies B, Smethhurst M, Connolly J.
Prospective evaluation of non-radiologist performed
emergency abdominal ultrasound for haemoperitoneum.
Emerg Med J 2004;21(5):e5.

15. Soyuncu S, Cete Y, Bozan H, Kartal M, Akyol AJ..
Accuracy of physical and ultrasonographic examinations
by emergency physicians for the early diagnosis of
intraabdominal haemorrhage in blunt abdominal
trauma. Injury 2007;38(5):564-9.

16. Davis DP, Campbell  CJ, Poste JC, Ma G. The
association between operator confidence and accuracy
of ultrasonography performed by novice emergency
physicians. J Emerg Med 2005;29(3):259-64.

17. Atkinson PR, McAuley DJ, Kendall RJ, Abeyakoon O,
Reid CG, Connolly J, et al. Abdominal and Cardiac
Evaluation with Sonography in Shock (ACES): an
approach by emergency physicians for the use of
u l t ra sound in  pat i ent s  wi th  undi f f e rent ia ted
hypotension. Emerg Med J 2009;26(2);87-91.


