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Abstract
Background: Hemodynamic monitoring is essential in emergent noncardiac surgery. The majority of
reports investigate the use of transesophageal echocardiography with beneficial results. However, this
requires expertise and is associated with complications. The use of an intraoperative diagnostic cardiac
ultrasound is noninvasive and can provide real-time information, in the intraoperative period, and assist in
decision-making by anesthesiologists especially during hemodynamic instability.
Methods: This retrospective case series of six (6) patients describes the utility of a diagnostic intraoperative
cardiac ultrasound, performed by anesthesiologists, in emergent noncardiac surgical patients. The
ultrasound consisted of four standard windows: the parasternal long axis (PLA), parasternal short axis
(PSA), apical (AP) and sub-xyphoid (SX) views. These views were used to assess basic findings including
left ventricular function, right atrial function, right ventricular function, and overall volume status and
volume responsiveness.
Results: This case series included six emergent noncardiac surgical patients, including trauma, general,
neurosurgical and orthopedic patients. The patients were between the ages of 29 to 87 years old with an
equal distribution of males and females. Information from the cardiac ultrasound exams were used to assist
in decisions for induction of anesthesia, level of resuscitation, inotropic or vasopressor initiation and etiology
of cardiac arrest.
Conclusion: A diagnostic cardiac ultrasound is a rapid non-invasive tool that, when used by experienced
anesthesiologists, provide real-time information that help guide intraoperative patient care and may
ultimately improve outcome.
Keywords: Intraoperative care, diagnostic cardiac ultrasound, emergent noncardiac surgery,
hemodynamic monitoring

Introduction

In the United States, 40% of surgical patients will present with,
or be at risk for coronary artery disease [1,2]. Utilization of tools
to improve care of this large sector of our surgical population
is essential. Perioperative echocardiography has been shown
to assist in the diagnosis and management of hemodynamic
instability in high-risk cardiac and noncardiac surgical procedures [3-8]. Transesophageal echocardiography (TEE) has

demonstrated to change therapy more than 40% intraoperatively [8]. TEEs are efficacious in determining overall cardiac
function and possible etiologies of hemodynamic instability
in the perioperative period. However, TEE requires a unique
level of training and expertise. Therefore, there are limitations
in regards to availability of trained staff to complete and assess
the examination intraoperatively during acute decompensation
events. Moreover, TEE is invasive and associated with major
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complications including esophageal and gastric perforation
as well as dysphagia [9,10]. Cardiac ultrasound has become
popular in critical care since this modality presents minimal
to no risk to the patient and growing cohorts of clinicians
have attained competence to perform and interpret the
examination. Its use has more than doubled within the last
decade [11], however its use in the intraoperative period has
only recently been explored. A few studies from Australia have
investigated perioperative TTE and TEE and assess anesthesiologists with advanced training in TEE and cardiac [12,13].
Regardless, they did demonstrate its use in the perioperative
period is valuable in the care of patients. Diagnostic TTE has
been shown to assist in the management of the critically ill,
the acutely ill and burn patients [14-18]. Utilizing a diagnostic
cardiac ultrasound has been shown to change acute care in
the critically ill by more than 50% [19]. An anesthesiologist,
not specifically trained in cardiac or advanced TEE, can utilize
a cardiac ultrasound as a tool in the intraoperative period to
assist in the care of emergent noncardiac surgical patients by
providing essential real-time information that could change
care and may improve patient outcomes.
The cardiac parameters that are useful in emergent noncardiac surgical patients is overall left ventricular (LV) and right
ventricular (RV) function, general valvular function and overall
volume status. This information can be utilized prior to induction and during the surgical procedure, particularly during
hemodynamic instability. Echocardiographic examinations,
aside from providing a real-time picture of cardiac function
and volume status, can evaluate the response to management
such as fluids, vasopressors, inotropes or vasodilators. The
current standard for monitoring intraoperative hemodynamic
instability is invasive monitors, such as arterial catheters and
pulmonary artery catheters (PAC). These modalities have been
used, along with standard monitors (including non-invasive
blood pressure, electrocardiography and pulse oximetry), to
provide essential real-time physiologic information. Nevertheless, due to the invasive nature of these monitors, there are
associated complications. Therefore, there is a niche for noninvasive tools, such as cardiac ultrasound, that can provide
the same information with no risk to the patient that can be
utilized by an experienced general anesthesiologist. Moreover,
diagnostic cardiac ultrasounds have been found to retrieve
similar physiological findings as PACs [20]. A focused rapid
cardiac ultrasound can be an intraoperative tool to assist in
the management and care of patients undergoing noncardiac
surgery [3,21] and can change care [2].
This case series describes the utility of a diagnostic cardiac
ultrasound examination in the intraoperative period in emergent noncardiac surgical patients and directly assist in the
management of resuscitation and vasoactive medications.
We have an established program for training physicians of
multiple disciplines (including anesthesiology, surgery, emergency medicine and internal medicine) in performing and
assessing these cardiac ultrasound examinations. We have
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a number of trained physicians in our institutions, including
many anesthesiologists. Further, there are a number of anesthesiologists that commonly utilize this tool in their daily
intraoperative practice to assist in real-time management,
assess the response to management and assist in guiding
decision-making. This case series describes, in detail, the
cardiac ultrasound examination and its ability to assist in the
care for emergent noncardiac patients in the intraoperative
period, potentially assisting in life-saving therapies.

Methods

Study design

This retrospective case series was approved by the University
of Maryland School of Medicine Institutional Review Board
(HP-00059760). Written informed consent was waived by the
IRB. This study describes patients who received a cardiac ultrasound examination as part of their care in the intraoperative
period and information retrieved from these exams. All exams
were performed from January 2013 through January 2014
and were purely for diagnostic and management purposes
to assist in their care by anesthesiologists.
All ultrasound examinations were performed by one of
two attending anesthesiologists, both board certified in anesthesiology and critical care medicine and credentialed in
critical care ultrasound. Both physicians completed accredited
critical care ultrasound courses and had performed and assessed more than 150 ultrasound exams. Our institution has
an established cardiac ultrasound program which has been
integrated into our anesthesiology and surgery critical care
fellowships. Both anesthesiologists are proficient with the cardiac ultrasound examination and participate in the education
of fellows and other trainees with this transthoracic method.
All examinations in this case series were done on emergent
noncardiacsurgical patients with high risk of perioperative
cardiac event or hemodynamic instability.
A full service portable ultrasound machine (GE Venue 40
Anesthesia, General Electric Healthcare, Waukesha, WI) was
used for all cardiac ultrasound examinations, using a 3.5 mHz
phased array probe (3S).

Description of the cardiac ultrasound examination

The diagnostic cardiac ultrasound examination consisted
of the four standard windows of an echocardiogram which
include the parasternal long axis (PLA), parasternal short
axis (PSA), apical (AP) and sub-xyphoid (SX) views. Figure 1
depicts anatomical placement of the probe and respective
echocardiographic windows. The PLA is performed with the
transducer just to the left of the sternum, between the 2-6th
rib interspace, depending on the location of the heart. The
grove is pointed to the patient’s right mid-clavicular line. This
window allows for visualization of the mitral valve, aortic valve
and the left ventricle. Color flow doppler is applied over the
mitral and aortic valves. To obtain the PSA the probe is held
in the same position and turned 90º, the grove is aiming at
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Results

Figure 1. Four standard windows of the cardiac ultrasound
examination with associated anatomical probe placement:
(A) parasternal long axis [PLA], (B) parasternal short axis
[PSA], (C) apical [AP] and (D) sub-xyphoid [SX] views.

This case series included six emergent noncardiac surgical
patients (Table 1). Of the six patients, three were trauma, one
was general surgical, one was neurosurgical and one was an
orthopedic spine patient. The age range was 29 to 87 years old.
There were 3 men and 3 women in the group. Three patients
had the cardiac ultrasound examination performed immediately prior to induction to assess for pre-induction cardiac
function, then intraoperatively for continued resuscitation
management. All six patients had the cardiac ultrasound
performed intraoperatively during hemodynamic instability
and during real-time resuscitation. One patient had the cardiac
ultrasound examination performed during an intraoperative
cardiac arrest. Both experienced anesthesiologists performed
the cardiac ultrasound examination with diagnostic quality
images. The findings from the examinations assisted in guiding the decision-making of the anesthesiologists, specifically
regarding the continuation of blood transfusions or fluid
resuscitation, initiation of inotropic or vasopressor support,
and assisted in the diagnosis of the etiology for hemodynamic
instability and cardiac arrest.

Discussion

the patient’s left mid-clavicular line. From this window the
LV and RV can be seen in short axis. Images are obtained at
the aortic, mitral, papillary and apical levels of the LV. The
transducer is then moved to the apex of the heart, at the
4-6th rib interspace at the left mid-axillary line. The grove is
rotated to the 3-o’clock position, and the transducer angled
under the rib to obtain the 4-chamber view. The probe is then
angled up to see the flow through the left ventricular outflow
tract. Color flow doppler is applied across the tricuspid, mitral,
and aortic valves. To obtain the SX window the transducer
is moved 1-2 cm below the xyphoid. The grove remains in
the same position, and the transducer is angled under the
xyphoid to allowing visualization of the RV and pericardium.
The transducer is then turned to the right and rotated grove
up, to obtain the inferior vena cava (IVC) in long axis at the
level of the hepatic veins. Depending on the surgical site and
the availability of each of these probe positions, selected
windows were performed to maintain the integrity of sterility.
Assessments were made by visual estimation using the
views that were obtained. Although more advanced assessments were made at the time of assessment, this case
series presents basic finding from the cardiac ultrasound
examination including left ventricular function (hyperdynamic,
hypodynamic or global hypokinesis) and right atrial and right
ventricular function (normal or mild, moderately or severely
depressed). Overall volume status and volume responsiveness
was assessed and monitored by visual examination of the LV
and RV at the end of diastole and systole and estimation of
the inferior vena cava diameter when images were able to
be obtained.

This case series describes the utility and feasibility of an
intraoperative diagnostic cardiac ultrasound, performed by
anesthesiologists, in patients undergoing emergent noncardiac surgical procedures. As ultrasound devices become
more available, we surmise that this modality will continue
to play a critical role in the diagnosis and management of
hemodynamic instability in cardiac and noncardiac surgery.
Furthermore, instituting a program to educate anesthesiologists, not specifically trained in cardiac anesthesiology
or advanced TEE, to perform and interpret this simplified
echocardiographic examination could increase its efficacy
and utilization in the intraoperative period.Our institution
continues to have a productive interdepartmental training
program that has resulted in many skilled anesthesiologists
currently utilizing cardiac ultrasound examinations as part
of their intraoperative practice.
The main limitation of this study was the number of patients
and lack of any statistical conclusions. However, this study was
structured to be descriptive in nature. The methodology of
the cardiac ultrasound examination and the individual case
descriptions demonstrate the value of this intraoperative
exam as a noninvasive hemodynamic monitor to general
anesthesiologists. We describe, in detail, our protocol for
performing the exam and basic assessments that were made.
Further studies assessing the utility and validity of diagnostic
cardiac ultrasonography in the intraoperative period may
improve the strength of evidence for the indications of its
use and increase its accessibility to anesthesiologists in the
operating rooms. Furthermore, it may potentially impact
patient management and improve emergent noncardiac
surgery patient outcomes.
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Table 1. Case description of emergent noncardiac surgical patients and cardiac ultrasound examination (CUE) assessment.
Age
Gender Type of surgery
(years)
29
F
Exploratory
Laparotomy after
blunt abdominal
trauma

Indication for
CUE
Pregnant with
fetal demise after
trauma, persistent
hypotension and
tachycardia

Pertinent information
from CUE
Hyperdynamic LV
consistent with
hypovolemia, no wall
motion abnormalities

54

M

Open reduction
and internal
fixation of open
right femur after
trauma

Intraoperative
cardiac arrest

RA and RV dilation,
septal flattening, no
thrombus seen

57

M

Cerebral
aneurysm
clipping for
a ruptured
aneurysm

Intraoperative
hemodynamic
instability

87

F

Open reduction
and internal
fixation of
open left femur
fracture

High-risk for
perioperative
cardiac event
(history of COPD,
PVD, HTN,
HLD and “heart
murmur”)

71

M

62

F

High-risk for
Exploratory
Laparotomy for perioperative
perforated viscus cardiac event (history of CAD with
cardiac stents and
CABG, HTN,
HLD, PVD and
COPD)
Hypotension,
Emergent
tachycardia with
anterior spinal
a history of CHF,
irrigation and
CAD, HTN and
debridement
HLD
for paraspinal
abscess

Management
Outcome
after CUE
Additional blood Extubated less than 24
transfusions and hours with full recovery
resuscitation

Continued ACLS Found to have a massive
and supportive
saddle pulmonary
care
embolism, placed on
ECMO and received
a thrombectomy,
eventually futile.
Global severe
Initiated
Improved hemodynamic
decreased LV function, dobutamine
stability, dobutamine
adequate volume, no
weaned off within 48
pericardial effusion,
hours
mild MR
Good LV/RV size
and function, no
pericardial effusion,
IVC diameter of 1cm
and moderate MR and
TR

General
induction of
anesthesia,
real-time
resuscitation with
fluids and blood
transfusions

Decreased LV function
and slightly enlarge RV,
no pericardial effusion,
mild-moderate MR
and moderate TR

Modified
induction
to minimize
vasodilation
and alterations
to cardiac
physiology, realtime resuscitation
General
induction with
maintenance
of MAP and
SBP, real-time
resuscitation

Hyperdynamic LV
consistent with
hypovolemia, no wall
motion abnormalities,
no valvular
abnormalities

Views
obtained
PLA,
PSA, SX

PLA,
PSA, AP

PLA,
PSA, AP

Successful induction,
extubated at the
end of the case,
no intraoperative
vasopressor
requirements and
discharged to
rehabilitation center
7days later
Successful induction,
extubated < 24 hours
postoperatively and
discharge 10 days later
to rehabilitation center

*PLA,
PSA, AP,
SX

Successful induction,
no intraoperative
vasopressor
requirements,
Extubated <24 hours
postoperatively and
discharged 9 days later

*PLA,
PSA, AP

*PLA,
PSA, AP

*cardiac ultrasound examination also performed prior to induction
CAD: Coronary artery disease; CABG: Coronary artery bypass grafting; HTN: Hypertension; HLD: Hyperlipidemia; PVD: Peripheral
vascular disease; COPD: Chronic obstructive pulmonary disease; CHF: Congestive heart failure; LV: Left ventricle; RV: Right ventricle;
MR: Mitral regurgitation; TR: Tricuspid regurgitation; IVC: Inferior vena cava; ACLS: Advanced cardiovascular life support; ECMO:
Extracorporeal Membrane Oxygenation; PLA: Parasternal long axis; PSA: Parasternal short axis; AP: Apical 4-chamber; SX: Sub-xyphoid
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