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Abstract

Purpose of Review The purpose of this article is to review the literature relevant to point of care ultrasound (POCUS) with an
emphasis on the application of ultrasound in preoperative assessment. It addresses the use of cardiac, lung, gastric, and vascular
ultrasonography.

Recent Findings The use of POCUS as an adjunct to the physical examination is gaining traction as high-quality equipment
becomes increasingly portable and dramatically more affordable. While the literature on preoperative ultrasound by anesthesi-
ologists is limited, there is growing evidence that it is not only feasible, but also improves patient morbidity and mortality.
Summary Anesthesiologists frequently encounter patients with signs and symptoms of heart failure, significant cardiac murmurs,
hemodynamic instability, unexplained dyspnea, and unknown gastric contents. Studies to date show that POCUS can change
management of these patients and improve morbidity without delaying care. Randomized trials are needed to validate these
findings. Professional societies in anesthesiology need to define standards for POCUS training, as well as establish mechanisms
for certification and maintenance of proficiency.

Keywords Preoperative - Point of care ultrasound - Focused cardiac ultrasound - Lung ultrasound - Gastric ultrasound - Deep

venous thrombosis

Introduction

The fundamental concept of point of care ultrasound
(POCUS) is that it is bedside ultrasound performed by the
treating physician and interpreted in real time, assessing for
limited but clinically relevant findings that can immediately
influence treatment [1¢¢]. In the past two decades, the use of
POCUS as an extension of the physical examination has
grown exponentially. POCUS is increasingly applied across
diverse specialties including anesthesiology, internal
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medicine, trauma surgery, emergency medicine, and critical
care. This growth has been spurred by the dramatic decrease
in the size of affordable, high-quality ultrasound equipment,
as well as by the evolving understanding of the limitations of
the history and physical examination that can be overcome
with bedside ultrasound [2, 3]. The change has occurred so
rapidly that even the latest American Society of
Anesthesiologists” (ASA) Practice Advisory for
Preanesthesia Evaluation makes no mention of bedside ultra-
sound and only discusses the use of history and physical ex-
amination along with more traditional diagnostic studies [4].
Anesthesiologists are ideally positioned to utilize POCUS
in the preoperative setting, as they are already trained in using
ultrasound to establish vascular access, to perform peripheral
nerve blocks and to perform basic transesophageal echocardi-
ography (TEE) [5]. The performance and interpretation of
basic bedside ultrasound (for regional anesthesia and rescue
TEE) is now considered a fundamental skill of a qualified
anesthesiologist and is being included in the Objective
Structured Clinical Examination administered by the
American Board of Anesthesiology [6]. Extending the use of
preoperative ultrasound, the anesthesiologist can gain infor-
mation about the presence and severity of a variety of
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pathologies that impact perioperative patient care. As the use
of POCUS spreads, formal processes for training, evaluation
of competence, and maintenance of competence will need to
be developed.

This review will discuss the value of bedside ultrasound by
anesthesiologists in the preoperative assessment and manage-
ment of patients. It will cover cardiac, lung, gastric, and vas-
cular ultrasound for deep venous thrombosis (DVT.) While it
will not neglect any of the classic references, every attempt
will be made to focus on recent literature and that which ap-
plies best to the practice of anesthesiology. As perioperative
POCUS is a new field, there is still a paucity of literature,
however, and much of what does exist was generated by ul-
trasound enthusiasts in other fields.

Cardiac Ultrasound

For decades, cardiac ultrasound was considered the exclusive
domain of the cardiologist. This was due in part to the prohib-
itive cost of ultrasound platforms as well as the lack of training
of other providers in the appropriate techniques. The reduction
in cost and increase in training that has taken place in recent
years has begun to change the landscape of cardiac ultrasound
in dramatic ways. Among the applications of POCUS, the
evaluation of the cardiovascular system is both the most com-
mon and the most well studied. Many bedside ultrasound
protocols have been created that include a limited cardiac
evaluation, but all can be grouped together under the concept
of focused cardiovascular ultrasound (FOCUS). FOCUS is
defined by the American Society of Echocardiography
(ASE) as ““a focused examination of the cardiovascular system
performed by a physician using ultrasound as an adjunct to the
physical examination to recognize specific ultrasonic signs
that represent a narrow list of potential diagnoses in specific
clinical settings™ [1°°].

While the details of performing a FOCUS exam are beyond
the scope of this review, the requisite characteristics of the
exam are that it can be rapidly acquired with basic 2-
dimensional ultrasound equipment, is qualitative rather than
quantitative, goal directed, problem oriented, and limited in
scope [1e, 7, 8]. FOCUS is appropriate when signs or symp-
toms are identified that suggest underlying cardiovascular pa-
thology. Some of the common indications in the preoperative
arena include evidence of heart failure, heart murmur with con-
cern for significant valvular disease, hemodynamic instability,
and findings concerning for pericardial effusion or tamponade.
It is important to note that FOCUS is distinct from limited
transthoracic echocardiography (TTE) and is intended only to
identify the presence or absence of a limited set of critical
findings. The information is then utilized immediately to affect
management or to trigger a complete echocardiogram.

Several studies have shown that bedside ultrasound is su-
perior to the physical examination in identifying left ventric-
ular (LV) systolic dysfunction [9-13]. One study of medical
students and residents showed that with only 2 h of ultrasound
training, the ability to diagnose LV systolic dysfunction im-
proved dramatically. The history, physical examination, and
electrocardiogram (ECG) had a sensitivity and specificity of
26 and 85% for establishing LV dysfunction. FOCUS im-
proved the sensitivity and specificity to 74 and 94%,
respectively.

Another study compared the diagnostic accuracy of first-
year medical students using FOCUS to attending cardiologists
evaluating patients with physical examination. When evaluat-
ing patients with valvular lesions, the students’ sensitivity was
89% compared with that of the cardiologists at 50%. Both
groups had specificities of 90%. The study concluded that
for both valvular and non-valvular cardiac abnormalities,
“the diagnostic accuracy of first-year medical students using
bedside cardiac ultrasound examinations was significantly su-
perior to that of board-certified cardiologists performing car-
diac physical examinations” [14]. This study encapsulates
the concept that, no matter the skill of the evaluating physi-
cian, “If you don’t look, you don’t know!”

While literature on the application of preoperative FOCUS
performed by anesthesiologists is limited, it has been shown to
be both feasible and capable of changing management. An
evaluation of five anesthesiology residents showed that they
were able to identify significant aortic stenosis after only
2 hours of training [15¢]. A study of 50 consecutive preoper-
ative patients showed that major findings from
anesthesiologist-performed FOCUS correlated with
cardiology-based TTE in 87% of cases [16]. Prospective ob-
servational studies have shown that selective preoperative
FOCUS prior to noncardiac surgery changed management in
34-82% of cases [17, 18]. The observed changes included
step up in treatment, step down in treatment, level of postop-
erative care, and cancelation of surgery.

A small retrospective study found the use of FOCUS in pa-
tients undergoing hip fracture surgery with a high risk of cardiac
complications was associated with lower 30-day mortality (4.7
vs. 15.2%) and lower 1-year mortality (17.1 vs. 33.3%) without
delaying entry into the operating room [19¢]. The most common
abnormality found was hypovolemia, which was present in 34%
of the study group. Other findings that were not suggested by
physical examination included heart failure (20%), aortic steno-
sis (14%), and pulmonary hypertension (11%).

In a study of 112 unselected patients undergoing emergen-
cy surgery, the application of preoperative FOCUS changed
the clinical management in 12% of cases. While this still rep-
resents a valuable intervention, it also suggests that a selective
application of the techniques may be more appropriate [20].

While there have been a number of studies showing that
bedside ultrasound can be used to assess volume status by
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evaluating the inferior vena cava (IVC), a recent study of
anesthesiologists-performed FOCUS showed that the preop-
erative size and collapsibility of the IVC accurately predicted
hypotension after induction of general anesthesia [21-25].

With the ability to quickly evaluate for abnormalities of
global biventricular systolic function, valvular abnormalities,
and prediction and etiology of hemodynamic instability with
minimal cost or delay, it is likely that the application of pre-
operative FOCUS will follow basic TEE as a core skill of
anesthesiologists in the future.

Lung Ultrasound

For years, the lungs have been seen only as a barrier to the
application of ultrasound, creating artifact and inhibiting visu-
alization of cardiac structures during TTE. Due largely to the
pioneering work of Dr. Daniel Lichtenstein, the use of ultra-
sound to diagnose a variety of pulmonary conditions has be-
come common in medical and surgical critical care practices,
and is now spreading to other specialties [26+¢]. As both the
indications and the conditions identified are common in the
preoperative setting, the value of these techniques to anesthe-
siologists should be apparent even if the literature has focused
largely on applications in critical care settings.

Indications for lung ultrasound include dyspnea, pleuritic
chest pain, hypoxia, and abnormal breath sounds. The identi-
fication of pneumothorax (PTX), pleural effusion, and in-
creased lung water (from pulmonary edema, pneumonia, or
pulmonary contusion) is the primary goal of preoperative bed-
side lung ultrasound. When compared with chest radiography
(CXR) or computed tomography (CT), lung ultrasound has
been shown to have similar or better sensitivity and specificity
with much lower cost, faster turn-around, no requirement for
transport of the patient, and no exposure to radiation.

In one influential study, lung ultrasound was compared to
CXR in the identification of traumatic PTX using chest CT as
the gold standard. While CXR identified only 13 of 25 PTX
(sensitivity 52%, specificity 100%), lung ultrasound was able
to identify 23 of 25 PTX with one false positive (sensitivity
92%, specificity 99%). This suggested that not only was ul-
trasound superior to CXR in the identification of PTX but that
its diagnostic yield approached that of CT [27]. In a separate
study, it was shown that a high degree of sensitivity (86%) and
specificity (100%) can be obtained by physicians after only
2 hours of training in lung ultrasound [28].

In comparing ultrasound to CXR in patients with ARDS,
ultrasound had a much better diagnostic accuracy in the de-
tection of pleural effusion. Specifically, ultrasound had a sen-
sitivity and specificity of 92 and 93% compared with 39 and
85% with CXR [29]. Similarly, ultrasound was able to identify
alveolar-interstitial syndrome with a sensitivity of 98% com-
pared with 60% with CXR [29].
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A recent prospective study of preoperative combined car-
diopulmonary ultrasound in patients undergoing emergency
surgery found a 27% incidence of unexpected abnormal find-
ings which resulted in a change in clinical management in
43% of cases and was associated with a significant increase
in hospital mortality (13 vs. 0%) and 30-day mortality (17 vs.
1%.) The most common abnormality identified was unexpect-
ed pleural effusion, leading to changes in ventilator manage-
ment as well as pleural drainage [20].

While there is a paucity of literature on the impact of pre-
operative lung ultrasound and no randomized controlled trials
exist, the feasibility, diagnostic accuracy, and ability to rapidly
identify common and important pathologies make it a natural
extension of the anesthesiologist’s preoperative evaluation.
An excellent recent review has provided a detailed description
of the performance and interpretation of a lung ultrasound
examination [30].

Gastric Ultrasound

In a field relatively bereft of robust guidelines, by far, the most
commonly applied must be the ASA’s practice guideline on
preoperative fasting [31]. Patient fasting prior to anesthesia
aims to minimize the risk and consequences of pulmonary
aspiration. In an attempt to achieve that goal, consensus-
based recommendations are made on the duration of fasting
that will likely result in minimal gastric contents in the major-
ity of patients. The guidelines are unable to make specific
recommendations for modifications in circumstances where
there may be abnormal gastric emptying, such as with condi-
tions such as diabetes, gastroparesis, trauma, or end-stage re-
nal disease. These patients may well have full stomachs well
beyond the recommended fasting periods, yet other patients
may have empty stomachs well before the suggested delay.
While gastric ultrasound has been practiced for decades, its
application by anesthesiologists in the preoperative period has
only recently been accelerating. Nonetheless, it may serve to
answer the important question “What is in my patients’
stomachs [32]?”

In a study designed to assess the learning curve for gastric
ultrasound, it was found that an anesthesiologist had to per-
form an average of 33 examinations to achieve a 95% success
rate in distinguishing the stomach as empty, having liquid
content or solid contents [33]. In an attempt to quantify the
volume of gastric contents, a recent study evaluated gastric
ultrasound findings in 108 patients undergoing upper endos-
copy who had their gastric contents suctioned and measured
directly. A formula was created that accurately identified gas-
tric volumes between 0 and 500 mL, which can help identify
patients with fluid in their stomachs that represent normal
gastric residual volumes [34].
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In a study of 38 preoperative patients, the information ob-
tained from gastric ultrasound resulted in a change in anes-
thetic timing or technique in 71% of cases with a trend toward
shorter surgical delay [35]. While it is hard to imagine a ran-
domized controlled trial evaluating the outcome of gastric
ultrasound on pulmonary aspiration in violation of current
fasting guidelines, it is also reasonable to assume that knowing
what is in a patient’s stomach is better than guessing. A recent
review described the techniques of performing and
interpreting bedside gastric ultrasound [36°].

Deep Vein Thrombosis Determination

Traditionally, recognized risk factors for deep venous throm-
bosis (DVT) include advanced age, trauma, immobility, can-
cer, hypercoagulable states, as well as a history of DVT [37].
These risk factors are commonly present in patients presenting
for surgery and acute pulmonary embolus is a recognized and
feared cause of perioperative morbidity and mortality. The
imaging test of choice for diagnosing DVT is comprehensive
lower extremity ultrasonography performed by a vascular so-
nographer and interpreted off-line by a physician [38].

A more limited evaluation can be performed by clinicians
at the bedside using two-dimensional compression ultraso-
nography alone. This is a binary test that can detect the pres-
ence or absence of thrombus in the popliteal or femoral ve-
nous systems. While not designed to identify distal or iliac
thrombus, the majority of clinically relevant DVTs will be
identified in a fraction of the time of a formal study. These
techniques have been best studied by emergency medicine
physicians. A meta-analysis shows sensitivity of 96% and
specificity of 96% when compared with either color flow du-
plex sonography or venogram in patients where there was
clinical suspicion of DVT [39e].

While there are no studies evaluating preoperative investi-
gation of DVT by anesthesiologists, there is at least a theoret-
ical benefit to identifying an existing DVT prior to elective
surgery, with the potential to avoid pulmonary embolism ei-
ther by treatment with anticoagulation, delay of surgery, or
placement of an inferior vena cava filter.

Training and Competence

There is no standardized approach to training in POCUS and
no detailed guidelines for either trainees or anesthesiologists
in practice to acquire the skills needed to perform the studies
described in this review [40]. The Society of Critical Care
Anesthesiologists has published specific learning goals for
POCUS for critical care trainees, but those may exceed the
scope necessary for basic preoperative POCUS [41].

In the case of FOCUS, the ASE notes that novice users
developed “acceptable” proficiency in performing and
interpreting studies after 20-30 studies if the scope of the
studies were limited [1+¢]. However, the ability to make formal
training recommendations is limited by the heterogeneity of
the studies investigating training in FOCUS. The ASE does
specify that training should include a combination of didactic
education, hands-on image acquisition, and experience
interpreting images, but is not more specific than that.

Maintenance of proficiency is an area that needs further
investigation in order to develop meaningful guidelines. One
study of 30 non-cardiologists found that skills in FOCUS were
notably diminished within 2 years of nonuse [42]. The ASE
only notes that a minimum number of studies performed an-
nually needs to be determined, and continuing education
courses should be included. Absent more robust guidance
regarding acquisition, demonstration, and maintenance of
competence, each institution will need to establish internal
processes to allow for the credentialing of skilled providers
in the techniques of bedside ultrasound.

Conclusions

Ultrasound is a powerful tool that augments the anesthesiolo-
gist’s preoperative assessment. Assessment of the heart, lungs,
stomach, and vasculature does not delay care and can change
management and improve perioperative mortality. The studies
performed to date show benefit from use of preoperative ul-
trasound, but randomized studies are needed. As use of pre-
operative ultrasound grows, anesthesiologists need their pro-
fessional societies to define standards for training and develop
pathways for certification and maintenance of proficiency.
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