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Echocardiography has evolved dramatically, starting with ini-
tial M- mode and two- dimensional (2D) imaging in the 1970s 
and growing with the addition of spectral and color Doppler in 
the 1980s. Since then, the breadth and sophistication of echo-
cardiography’s clinical applications, as detailed elsewhere in this 
textbook, have exploded and continue to evolve.

To manage this growth, echocardiography laboratories must 
establish and maintain an appropriate environment of care 
encompassing the physical, technical, and human resources 
necessary for supporting the services their institution aspires 
to provide. Beyond traditional routine workloads, examples of 
evolving subspecialized multidisciplinary programs requiring 
readily available and often sophisticated levels of echocardiog-
raphy services include heart valve teams,1 adult congenital heart 
disease programs,2 hypertrophic cardiomyopathy centers,3 heart 
failure programs,4 advanced heart failure and mechanical circu-
latory support teams,5,6 and cardio- oncology services.5 Do the 
patients being served by these subspecialty teams have access to 
an appropriately calibrated echocardiography laboratory such 
that proper protocols for diagnosis, procedural guidance, and 
follow- up surveillance can be performed routinely at a high 
level? Are specialized services well incorporated into the labora-
tory’s routine work, or do they hamper its efficiency? Updated 
clinical practice guidelines and improved methods of data han-
dling for imaging, transmission, analysis, archiving, and report-
ing, along with the availability of online continuing education, 
make it possible to achieve exceptional quality in both complex 
and basic laboratory structures. For even moderately complex 
laboratories, a formal analysis of structure may be needed to 
avoid the potential quality- undermining effects of unbalanced 
physical plant, technologic assets, and human resources.

Although the terms continuous quality improvement (QI) and 
quality assurance (QA) are sometimes used interchangeably, QI 
is preferred herein to avoid implying that quality can at some 
point be truly assured. This chapter preserves a notable histori-
cal “quality in context” discussion from this text’s previous (5th) 

edition. Most of the updated echocardiography- related quality 
documents cited herein include a stated assumption of labora-
tory accreditation. Therefore, selected accreditation topics are 
highlighted, but the coverage of that subject here is not com-
prehensive, and readers should consult the standards published 
by the Intersocietal Accreditation Commission (IAC) Echocar-
diography division for detailed information.7

Echocardiographers are on the front line of patient care, and 
they must be prepared to adequately protect themselves and 
their patients from infectious disease transmission. Late in the 
preparation of this chapter, the novel coronavirus (COVID- 19) 
pandemic emerged, precipitating a need to rethink the mean-
ing of appropriate use criteria (AUC) under the conditions of 
a widespread respiratory pathogen and the need for additional 
safety measures beyond what laboratories should typically 
deploy to contain contagion.8

Whereas the focus of this chapter is adult echocardiography, 
laboratory accreditation standards are also available for pediat-
ric and fetal echocardiography, and perioperative transesopha-
geal echocardiography (TEE) standards are under development.
Suggestions and tools for real- world laboratory management 
are provided here (e.g., staff turnover, physical plant layout, 
machine and staff rosters and competencies, analysis of obsta-
cles to productivity). Every laboratory represents a unique envi-
ronment serving a select patient population, so a “one size fits 
all” approach is not valid.

Defining interactions between clinical echocardiography 
laboratories and echocardiography core laboratories (ECLs) 
has not been addressed in the context of laboratory accredi-
tation. However, continuous QI interactions between these 
two types of laboratories can be synergistic, improving both 
the rigor of clinical cardiovascular research and the day- to- day 
diagnostic accuracy of clinical site laboratories. As a local cor-
nerstone of the diagnosis and management of cardiovascular 
disease, each echocardiography laboratory deserves a well- 
thought- out (and well- documented) structural analysis and 
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implementation strategy to provide a high- quality work envi-
ronment and a high- value product, even in the event of leader-
ship or staff turnover.

QUALITY IN CONTEXT
Quality of care has been defined by the Institute of Medicine 
as “the degree to which health care systems, services, and sup-
plies for individuals and populations increase the likelihood 
for desired health outcomes in a manner consistent with cur-
rent professional knowledge.”9 Furthermore, health care should 
be safe, effective, patient- centered, timely, efficient, and equi-
table.10 Similarly, in this “volume- to- value” transition period in 
medicine,11 there is an increasing focus on value in health care, 
defined as health outcomes achieved per dollar spent.12 Specific 
to echocardiography, several professional societies13–17 have 
taken the lead in setting minimum standards and also in defin-
ing QA practices that diagnostic echocardiography laboratories 
should follow.

Continuous QI initiatives provide the framework for a team 
of physicians, sonographers, administrators, and other health 
care professionals to deliver high- quality care. Implementation of 
a Plan- Do- Study- Act (PDSA) cycle, also known as the Deming 
Cycle,18 can provide a useful framework for ensuring continuous 
improvement. The focus of this chapter is the existing and evolv-
ing components of echocardiography laboratory quality, struc-
ture, and standards. Setting quality goals helps ensure sustainable, 
high- value, accessible, and cost- effective delivery of echocardio-
graphic services to cardiovascular patients, now and in the future. 

STRUCTURE AND STANDARDS
An initial step in achieving quality in echocardiography is to 
define a taxonomy and model of the dimensions of care, which 
then makes it possible to measure quality and identify areas for 
improvement. A dimensions of care framework has been devel-
oped for echocardiography,14,15 and this model divides the pro-
cess of clinical echocardiography into two principal components: 
the laboratory structure and the imaging process (Fig. 7.1).

LABORATORY STRUCTURE

The laboratory structure can be divided into a minimum of four 
components: the physical laboratory, equipment, personnel 
(sonographers and physicians), and the imaging and reporting 
process (Table 7.1). For each of these components, standards 

have been defined.15 For the physical laboratory, accredita-
tion by the IAC is recommended for existing laboratories; new 
facilities should initiate the process for submitting applications 
within 2 years after beginning operation. 

LABORATORY ACCREDITATION

The IAC is an independent, not- for- profit organization formed 
in the 1990s by a consortium of medical subspecialty stake-
holder societies that recognized that patient care would ben-
efit from an organization whose sole mission was laboratory 
accreditation. In 1996, the IAC’s sponsoring organizations com-
missioned the Intersocietal Commission for the Accreditation 
of Echocardiography Laboratories (ICAEL). The ICAEL name 
was retired in 2006 after all the IAC’s divisions merged, and 
the commission’s echocardiography division was renamed IAC 
Echocardiography.19 This division now accredits laboratories 
performing adult transthoracic, adult transesophageal, adult 
stress, pediatric transthoracic, pediatric transesophageal, fetal, 
and (in the near future) perioperative transesophageal echocar-
diography. The IAC’s accreditation model is centered on labora-
tory standards that were written by the IAC Echocardiography’s 
board of directors (content knowledge experts) and accepted 
after a public comment period. Standards are derived from the 
appropriate peer- reviewed clinical practice guidelines and con-
sensus documents, including AUC.

IAC Echocardiography’s laboratory standards are publicly 
available on the organization’s website.7 The IAC accreditation 
process includes an objective quality review of a laboratory’s 
submitted actual work (complete images and reports) and labo-
ratory protocols and verification that the ongoing internal QI 
practices are such that any deficiencies become self- correcting 
within a laboratory. The IAC’s minimum- standards format can 
be used by very small laboratories with limited goals or as an 
invaluable foundation on which more complex laboratories can 
build as needed. The standards are updated approximately every 
2 years or when dictated by major changes in the field.7

The IAC Adult Echocardiography Standards are divided into 
the following domains:
	•	 	Personnel	 and	 supervision	 (medical	 staff,	 technical	 staff,	

support services)
	•	 	Facility	 (examination	 and	 interpretation	 areas,	 storage,	

instrument maintenance)
	•	 	Examination	reports	and	records
	•	 	Facility	safety
	•	 	Quality	Improvement	program 

Imaging process

Laboratory structure

Patient & test
selection

Image acquisition
& interpretation

Results
communication

Incorporation
into care

Improved
outcomes

Fig. 7.1 Dimensions of care for evaluating quality in an echocardiography laboratory. The imaging process consists of patient and test selec-
tion, image acquisition, image interpretation, communicating the results, and incorporating the results into care. The goal is to maximize quality in 
the imaging process and laboratory structure, thereby improving patient outcomes.
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LABORATORY STAFF
Experience and dedication at the administrative, medical, and 
technical staff levels are critical for laboratory quality and pro-
ductivity (value). Employee turnover in each of these areas has 
accelerated in recent years, and this alone can challenge labora-
tory operations for extended periods, particularly if laboratory 

structure is not clearly and consistently defined and supported. 
Because of the aging of the population, many seasoned echo-
cardiography doctors, nurses, and sonographers have recently 
retired or will soon retire from the workforce. In some geo-
graphic areas, there are too few adequately trained and expe-
rienced replacement workers to succeed them. Simultaneously, 
laboratories are expected to provide more sophisticated, higher- 
value services to a patient population with unprecedented lon-
gevity and, as a result, an elevated prevalence of accumulated 
chronic illnesses (e.g., palliated heart failure; coronary artery 
disease, congenital conditions, valvular heart disease).

Since 2015, millennial- generation workers (born 1981–
1996)20 have come to dominate the workforce, and this shift has 
been cited, perhaps inappropriately, as a cause of the increased 
staff turnover observed in recent years. In general, the following 
positive traits can be applied to younger millennial workforce 
members21 and bode well for laboratory operations if fostered: 
tech savvy; enjoyment of teamwork and being associated with a 
strong brand; strong loyalty when placed in a positive and sup-
portive learning environment that fosters skill improvement; a 
desire for work–life balance (i.e., not driven solely by financial 
concerns); enjoyment of frequent feedback, open communica-
tion, and working closely with superiors as opposed to working 
for them; and social advocacy and diversity acceptance. Labo-
ratories with well- defined but flexible team structures (Fig. 7.2) 
that also foster a lifelong learning environment, adequate staff-
ing levels, and the rewards of patient service are likely to have 
low staff turnover and high efficiency.

PHYSICIAN TRAINING

Physicians who interpret echocardiograms are required to have 
considerable training and expertise. The Accreditation Council 
for Graduate Medical Education (ACGME) provides regulatory 
oversight for internal medicine subspecialty training programs. 
The American Board of Internal Medicine (ABIM) certifies 
individual specialists and subspecialists. The American College 
of Cardiology (ACC) has aligned with the ACGME and ABIM 
to provide curricular content detailed by the Core Cardiology 
Training Symposium (COCATS) documents for proficiency 
and competency (levels I, II, and III) in the various cardiovas-
cular disciplines, including adult echocardiography.

Unlike prior COCATS documents, the 2015 COCATS 4 
training statement22 focuses on level I and level II echocar-
diography training and addresses competency and outcomes- 
based training, as opposed to focusing solely on time spent in a 
laboratory and on procedural volumes. Level I training covers 
transthoracic echocardiography (TTE) only; it is required for 
all cardiology fellows and is a prerequisite for level II training. 
Level II includes TTE, contrast, TEE, and stress echocardiogra-
phy; it is the minimal requirement for independently perform-
ing and interpreting echocardiograms. This level of competency 
can be achieved in many standard 3- year cardiology fellowship 
programs, depending on the trainee’s career interests and the 
use of available elective time.

Level III echocardiography training was the focus of the 2019 
Advanced Training Statement on Echocardiography published 
by the ACC, the American Heart Association (ASA), and the 
American Society of Echocardiographers (ASE).23 It consists of 
training beyond level II that includes
	•	 	acquiring	 additional	 expertise	 in advanced imaging tech-

niques (3D, strain, contrast, stress echocardiography for 
structural heart disease);

Components of Echocardiography Laboratory Structure.

Component Requirements

Physical laboratory 	•	 	IAC	accreditation	(and	reaccreditation	every	3	
years)

	•	 	Sufficient	support	staff	(to	assist	with	scheduling	
and disseminating reports to ordering clinicians)

	•	 	Sanitizing	equipment	(capability	for	high-	level	
disinfection of TEE probes; cleansing products for 
TTE transducers, ultrasound machines, and beds; 
readily available sinks and approved hand clean-
ers)

Equipment 	•	 	Machines	capable	of	performing	2D,	M-	mode,	
and color and spectral (both flow and tissue) Dop-
pler

	•	 	Machine	display	that	identifies	the	institution,	
patient’s name, and date and time of study

	•	 	Electrocardiogram	and	depth	or	flow	velocity	
calibrations present on all displays; capability to 
display other physiologic signals (e.g., respiration)

	•	 	Stress	echocardiogram	machines	with	software	for	
split- screen and quad- screen display

	•	 	TTE	transducers	that	can	provide	high-		and	
low- frequency imaging and dedicated nonimaging 
CW Doppler

	•	 	Machines	with	harmonic	imaging	capabilities	
and settings to optimize standard and contrast- 
enhanced examinations

	•	 	Capability	for	3D	and	strain	imaging
	•	 	Multiplane	TEE	probes
	•	 	Machines	with	a	digital	image	storage	method
	•	 	Availability	of	contrast	agents	and	intravenous	

supplies
	•	 	Patient	beds	that	include	a	drop-	down	portion	of	

the mattress to facilitate apical imaging
	•	 	Equipment	required	to	treat	medical	emergencies	

(e.g., oxygen suction, code carts)
	•	 	Adherence	to	manufacturers’	recommendations	

for preventive maintenance and accuracy testing; 
service records maintained in the laboratory

Sonographer 	•	 	Minimum	standards	in	education	and	credential-
ing achieved and maintained (provisional staff: 
credential within 1 year of graduation for new 
graduates)

	•	 	Credentialing	as	a	Registered	Diagnostic	Cardiac	
Sonographer	through	ARDMS	or	Registered	
Cardiac Sonographer through CCI

	•	 	Fulfillment	of	any	local	or	state	requirements,	
including licensure

Physician 	•	 	Minimum	of	level	II	training	in	TTE	imaging	for	
all physicians independently interpreting echocar-
diograms, and meeting annual criteria to maintain 
that competence

	•	 	Physicians	who	trained	before	this	level	of	training	
in fellowship programs: achievement of adequate 
training through an experience- based pathway

	•	 	Special	competency	and	board	certification	by	
passing NBE examination (recommended)

	•	 	Physician	director	who	has	completed	level	III	
training

	•	 	Adequate	supervision	of	studies	as	determined	by	
the Centers for Medicare and Medicaid Services: 
general supervision (general oversight, not on 
site), direct supervision (physician in the office 
suite and immediately available), or personal 
supervision (physician in the room)

ARDMS,	American	Registry	of	Diagnostic	Medical	Sonographers;	CCI, Cardiovascular 
Credentialing International; CW, continuous wave; IAC, Intersocietal Accreditation 
Commission; NBE, National Board of Echocardiography.

From Picard MH, Adams D, Bierig SM, et al: American Society of Echocardiography 
recommendations for quality echocardiography laboratory operations. J Am Soc 
Echocardiogr. 2011;24:1–10.

TABLE 
7.1
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	•	 	treating	 specialized	 populations	 (adult	 patients	 with	 con-
genital conditions, advanced heart failure, or complex valve 
disease), mechanical circulatory support device evaluation, 
and cardio- oncology;

	•	 	performing	TTE	 and	TEE	during	 cardiovascular	 interven-
tions (pericardiocentesis, endomyocardial biopsy, structural 
heart interventions);

	•	 	adequate	exposure	to	emergency	echocardiography;	and
	•	 	data	analysis	and	reporting.

Level III training should occur in an accredited laboratory 
so that trainees can understand the importance of laboratory 
structure, including the implementation and maintenance of QI 
processes.15

Whether a laboratory intends to operate as an ACGME- 
accredited training facility has implications with regard to 
laboratory structure as defined by the COCATS 4, Task Force 
5 statement.24 The IAC does not provide a separate, more 
advanced accreditation standard for teaching laboratories 
aspiring to provide advanced (level III) ACGME- approved 
physician training or for laboratories that could be described as 
providing comprehensive echocardiography services, although 
training laboratories should be IAC- accredited. Advanced and 
teaching laboratory leaders should review the facility and staff 

training recommendations provided in the recent COCATS 4, 
Task Force 5 statement24 and the ACC/AHA/ASE Advanced 
Training Statement on Echocardiography23 because a variety of 
additional resources (beyond minimal laboratory accreditation 
standards) must be available, including level III-trained men-
tors, an environment of scholarship and learning, and teach-
ing sonographers with both the time and the ability to provide 
hands- on instruction in scanning and image- optimization tech-
niques as specified in Table 7.2 for each physician trainee. 

MEDICAL DIRECTOR

The medical director of an IAC- accredited laboratory is a 
licensed physician who ensures that both medical and technical 
staff members comply with the laboratory’s standards. The med-
ical director must actively participate in interpretation of stud-
ies performed in the laboratory. Although the medical director 
may delegate supervision of specific laboratory operations, he 
or she is ultimately responsible for all clinical services provided 
by the laboratory, including determining examination appro-
priateness and quality. For recent trainees with level II or level 
III initial training and National Board of Echocardiography 
(NBE)25 Testamur status, assuming the medical directorship 

Medical Dir Sonogr - 1

Sonogr - 2

Sonogr - 3

Sonogr - 4

Sonogr - 5

Sonogr - 6

Sonogr - 7

Sonogr - 8

Sonogr - 9

Sonogr - 10

Sonogr - 11

Medical staff Lab tasks Technical staff Nursing and support

Technical director

Lead 1

Lead 2

RN - 1

RN - 2

RN - 3

EP - 1

MA - 1

Hospital admin

Admitting / scheduling

Reception

Pt transportation

Biomed support

IT/ EHR/ PACS support

Patient safety

Infection control

Radiation safety

Admin / clerical

Teaching and QI

TTE complete exam

TEE complete exam

Stress-CAD (ex, pharm)

Stress-str heart dz

Perioperative TEE

Adult congenital

TTE limited protocols:
UEA, IV saline, peric dz,

CMs, valve dz, LVAD
ECMO, other MCS

strain, 3D (as appropriate)

TEE pt selection str heart
MV repair, shunt, para

leak, LAAP, TAVR, DCCV

MD core - 2

MD core - 1

MD core - 3

MD core - 4

MD core - 5

MD core - 6

MD - 7

MD - 8

MD - 9

MD - 10

MD - 11

MD - 12

MD - 13

MD - 14

Assist Med Dir

Multidisciplinary
teams supported

Advanced HF / MCS

Valve center

Cardio-oncology

Adult congenital

Perioperative TEE
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POCUS stakeholders

Each may require special
protocols, team

meetings, separate QI

Assoc Med Dir

lnterventional TEE
Procedural guidance
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Fig. 7.2 Organizational chart. Staff member categories and individuals have different assignments (blue arrows) based on their competencies. 
The number and types of boxes will obviously vary greatly among laboratories. This type of graphic can be helpful for showing a laboratory’s actual 
scope of work and for appropriately matching staff and equipment to the expected work to be performed. The laboratory should maintain an up- 
to- date, comprehensive staff roster that includes contact information and a daily laboratory coverage schedule that can be shared with appropriate 
parties, including patient coordinators and ordering physicians. Other essential support staff (purple boxes, plus members of the various multidis-
ciplinary teams) may not be wholly dedicated to the echocardiography laboratory. To avoid confusion and to ensure efficient laboratory operations, 
each of these personnel and the multidisciplinary team liaisons should be formally identified as having an important support role, and they should 
be included in echocardiography laboratory meetings and pertinent communications whenever possible. Admin, Administration; Assist, assistant; 
Assoc, associate; biomed, biomedical; CAD, coronary artery disease; CMs, cardiomyopathies; CV, cardiovascular; DCCV, direct current cardiover-
sion; Dir, director; dz, disease; ECMO, extracorporeal membrane oxygenation; EHR, electronic health record; EP, exercise physiologist; ex, exercise; 
HF, heart failure; IV, intravenous; IT, information technology; LAAP, left atrial appendage; LVAD, left ventricular assist device; MA, medical assistant; 
MCS, mechanical circulatory support; MD, medical doctor; MV, mitral valve; PACS, picture archiving and communication system; para, paravalvular; 
peric, pericardial; pharm, pharmacologic; POCUS, point- of- care ultrasonography; pt, patient; QI, quality improvement; RN, registered nurse; Sonogr, 
sonographer; str, structural; surg, surgery; TAVR, transcatheter aortic valve replacement; UEA, ultrasound enhancing agents.
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must be preceded by at least 18 months of qualifying echocar-
diography practice experience; trainees without NBE Testamur 
status must have qualifying clinical practice experience over the 
preceding 24 months, as outlined in the standards.26 The medi-
cal director standards are designed to accommodate physicians 
who completed their initial training in years past and have no 
level II or level III training documentation but who have main-
tained an ongoing robust clinical echocardiography practice 
experience (≥1800 examinations) and qualifying practice expe-
rience over the previous 36 months. Medical directors must have 
completed a program of at least 30 hours of echocardiography- 
relevant continuing medical education (CME) activity over the 
preceding 3 years. This CME requirement is considered fulfilled 
when a physician obtains the NBE Testamur certificate or when 
a physician’s initial echocardiography COCATS level II or level 
III training has been completed within 3 years of joining the 
laboratory. 

MEDICAL STAFF

Members of the medical staff must also be licensed physicians 
who meet at least one of three criteria: (1) documented initial 
level II or III COCATS training, (2) unable to provide evidence 
of initial level II or III training but with active NBE Testamur 
status and qualifying clinical practice experience over the pre-
ceding 12 months, and (3) cumulative practice experience of 
at least 600 echocardiography examination interpretations and 
qualifying practice experience over the preceding 12 months. 
All medical staff members must perform and/or interpret at 
least 150 TTE examinations, 25 TEE examinations, and 25 
stress echocardiography examinations per year (on average 
over 3 years), and these need not all be performed in the same 
IAC- accredited laboratory. All regular medical staff members 
must participate in the laboratory’s QI program and obtain at 
least 15 hours of echocardiography- related CME over a 3- year 
period. 

TECHNICAL DIRECTOR

Technical director is a full- time, on- site position, although pro-
visions can be made for supervision of additional sites when 
a credentialed technical staff member is available to perform 
the technical director’s duties at each site. Laboratory technical 
directors must have an active credential issued by one of the 
organizations listed in Table 7.3.

The technical director is responsible for overseeing day- to- 
day laboratory operations—including equipment inventory and 
maintenance and compliance with the standardized scanning 
protocols—and ensuring the proper function of the laboratory’s 
ordering, imaging, online and offline analysis, reporting, and 
data archival infrastructure. The technical director and medical 

director, as a team, ensure that the medical and technical human 
resources are appropriate for the laboratory’s intended scope of 
practice. The technical director works closely with the appropri-
ate facility administrator and ancillary nursing staff to support 
patients’ experience, safety, and confidentiality and to ensure 
compliance with local, state, and federal regulations. Other lab-
oratory organizational duties include coordinating information 
technology (IT) and biomedical support teams and implement-
ing and maintaining the laboratory’s QI program.

A technical director should allocate time for actively par-
ticipating in the laboratory’s daily clinical work to spot prob-
lem areas and to serve as a role model, “second pair of hands,” 
and an educational resource for junior sonographers and other 
trainees. The diagrams in Figs. 7.2, 7.3, and 7.4 can be modi-
fied as appropriate to illustrate a given technical director’s pur-
view. Dedicated administrative time may vary with the facility’s 
size, complexity, and supporting resources. The newly available 
Advanced Cardiac Sonographer (ACS) credential (see Table 
7.3), although not required, has enabled sonographers to dem-
onstrate their experience and mastery of the exceptional skills 
needed in an advanced or comprehensive teaching echocar-
diography laboratory.27 

TECHNICAL STAFF

All accredited laboratory technical staff members must have 
one of the credentials listed in Table 7.3. Prerequisites for tak-
ing a credentialing examination typically include graduation 
from a Council on Accreditation of Allied Health Education 
Programs (CAAHEP)-accredited ultrasonography training 

Summary of Training Requirements for Echocardiography.

Level
Duration of Traininga 
(mo)

Cumulative Duration of 
Traininga (mo)

Minimum No. of TTE 
Examinations Performed 
(Cumulative)

Minimum No. of TTE 
Examinations Interpreted 
(Cumulative)

TEE and Special 
Procedures

I 3 3 75 150 Yesb

II 3 6 150 300 Yesc

III 3 9 300 750 Yes
aTypical duration assuming acceptable progress toward milestones and demonstrated competency.
bExposure to TEE and other special procedures.
cLevel II and additional special training must be completed to achieve full competence in TEE and other special procedures.

TABLE 
7.2

Credentialing Organizations for Sonographers.

Credential Issuer Web Address

Registered	Diagnostic	Cardiac	
Sonographer	(RDCS)

ARDMS https://www.ardms.org/get- 
certified/rdcs/

Adult Echocardiography (AE) ARDMS
Pediatric Echocardiography (PE) ARDMS
Registered	Cardiac	Sonographer	
(RCS)

CCI http://www.cci- online.or
g/CCI/Certifications/R
CS.aspx

Registered	Congenital	Cardiac	
Sonographer	(RCCS)

CCI http://www.cci- online.org
/CCI/Certifications/RC
CS.aspx

Advanced Cardiac Sonographer 
(ACS)

CCI http://www.cci- online.or
g/CCI/Certifications/A
CS.aspx

Canadian	Registered	Cardiac	
Sonographer	(CRCS)

Sonog-
raphy 
Canada

https://sonographycanada.c
a/certification/credentials

ARDMS,	American	Registry	of	Diagnostic	Medical	Sonography;	CCI, Cardiovascular 
Credentialing International.

TABLE  
7.3

https://www.ardms.org/get-certified/rdcs/
https://www.ardms.org/get-certified/rdcs/
http://www.cci-online.org/CCI/Certifications/RCS.aspx
http://www.cci-online.org/CCI/Certifications/RCS.aspx
http://www.cci-online.org/CCI/Certifications/RCS.aspx
http://www.cci-online.org/CCI/Certifications/RCCS.aspx
http://www.cci-online.org/CCI/Certifications/RCCS.aspx
http://www.cci-online.org/CCI/Certifications/RCCS.aspx
http://www.cci-online.org/CCI/Certifications/ACS.aspx
http://www.cci-online.org/CCI/Certifications/ACS.aspx
http://www.cci-online.org/CCI/Certifications/ACS.aspx
https://sonographycanada.ca/certification/credentials
https://sonographycanada.ca/certification/credentials
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school.28 When a laboratory employs new ultrasonography pro-
gram graduates who are not yet credentialed, these employees 
must be listed in the laboratory’s IAC accreditation application 
as “provisional” technical staff members with a plan to pass 
their credentialing examination within 1 year of their gradu-
ation date. Individuals employed in an accredited facility who 
are cross- training to fulfill the clinical experience prerequisites 
required for eventual adult echocardiography certification (to 
be obtained within 2 years) are also listed as provisional tech-
nical staff members. Provisional technical staff members must 
operate under the supervision of appropriately credentialed 
sonographers. All technical staff members, including the tech-
nical director, must earn 15 hours of echocardiography- related 
CME credits over 3 years; this requirement is automatically ful-
filled when sonographers remain in good standing with their 
credentialing organization. 

ANCILLARY PERSONNEL

Laboratories require enough clerical and administrative sup-
port staff members to ensure efficient operation and record 
keeping. Nursing and other ancillary clinical support personnel 
(e.g., medical assistants, exercise physiologists) working under 
the supervision of medical staff should be formal members of 
the echocardiography team (see Fig. 7.2) with clearly defined 
roles and availability, particularly if they are working in shared 
arrangements with other departments and not as full- time labo-
ratory employees. Levels of supportive care vary according to 
a laboratory’s scope of practice but may include placing and 
managing peripheral intravenous (IV) access, administering 

IV saline contrast or ultrasound enhancing agents, managing 
conscious sedation protocols (for TEE) and pharmacologic and 
exercise testing protocols (for stress echocardiography), and 
ensuring the appropriate level of ongoing care (e.g., oxygen 
delivery, telemetry monitoring, continuous IV drug delivery) 
for patients transported to the echocardiography laboratory. 
The laboratory should follow appropriate facility transporta-
tion, monitoring, and handoff procedures.

Some laboratories have formal relationships with nurse anes-
thetists or anesthesiologists for delivering moderate or higher 
levels of sedation for TEE procedures. Stress echocardiography 
testing protocols should be managed by appropriately trained 
individuals (e.g., exercise physiologists, nurses, physicians). 
If patients with mechanical circulatory support devices are 
studied, the appropriate care team, a supervising knowledge-
able echocardiography medical staff member, or both should 
be present when device- setting changes are made by the heart 
failure team or by circulatory support technical staff members 
under their supervision. 

PHYSICAL SPACE
FACILITY

By the IAC’s definition, the most basic echocardiography facil-
ity is “an entity located at one postal address, composed of at 
least one ultrasound instrument and a Medical Director and 
a Technical Director performing and/or interpreting trans-
thoracic echocardiography (TTE).”26 Whereas many labora-
tories are basic, such as those in a physician’s office, hospital 
laboratories are typically more complex. Some physical spaces 
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Fig. 7.3 Facility design impacts lab productivity. An echocardiography laboratory’s productivity benchmarks should be evaluated in the context of 
both facility design and case complexity. Many still- operating historic teaching and referral hospitals were founded between the early 19th and early 
20th centuries (a few are much older) and have grown by expansion. (A) After the advent of hospital echocardiography laboratories (echo labs) in the 
1980s, certain architectural and data connectivity obstacles sometimes arose as the echo lab provided services throughout an expanding facility. (B) 
Newer facilities are typically designed around current technology, may serve special populations, and have different echocardiography productivity 
benchmarks than older facilities. Echo, Echocardiography; ED, emergency department; HF, heart failure; MOB, medical office building; NIC, nonin-
vasive cardiology; OP, outpatient; pt, patient.
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(e.g., reception, administration, interpretation) can be either 
dedicated or shared, depending on the whether the laboratory 
stands alone or is located in a multimodality imaging depart-
ment or adjacent to a related patient- care area. However, a dedi-
cated echocardiography examination room is required; it must 
accommodate a specialized echocardiography bed (to enable 
proper patient positioning), an echocardiography machine, 
and a sonographer’s physical workspace. The room (or rooms) 
must comply with infection control and ergonomic standards 
to ensure patient safety and to avoid sonographer injury. TEE 
or stress echocardiography rooms can be used for routine TTE 
examinations, but they must additionally have a fully sup-
plied crash cart, IV access equipment, oxygen supply, and wall 
suction.

It is understood that many hospital examinations will be 
performed on a portable basis and that the laboratory’s reach 
extends throughout a facility (see Fig. 7.3). However, por-
table examinations incur a quality and efficiency cost. The 
number of dedicated echocardiography examination rooms 
and the availability of patient transportation services should 
be appropriate for the facility’s size so that unnecessary 

portable examinations are minimized. If there is continuous 
high demand, a satellite dedicated echocardiography examina-
tion room can be considered for remote patient areas within 
the same facility. 

PATIENT SAFETY

Infection Control
The movement of patients into the laboratory and of echo-
cardiography machines, cables, and transducers throughout 
a facility creates a high risk of contamination and infection 
spread. All laboratory personnel should be well versed in the 
hospital’s infection prevention and control program. Labora-
tory leaders should demonstrate proper technique and should 
provide educational resources, which may include inviting 
internal reviews by the facility’s infection control profession-
als to ensure compliance with facility standards, both because 
the facility may be subject to external audit29 and out of sin-
cere concern for their patients’ and laboratory staff members’ 
well- being. All staff must routinely practice proper hand 
and respiratory hygiene and injection safety and attend to 
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Fig. 7.4 Equipment list for an echocardiography laboratory. The technical director should maintain an accurate list of all equipment, including 
the picture archiving and communication system (PACS), offline analysis and reporting systems, and a “fleet list” with data on each individual imaging 
machine, transducer, and TEE probe. This inventory is needed to ensure that properly functioning machines with the necessary imaging capabilities 
are available when and where they are needed. (Note: “Core cart” refers to an echocardiography machine that is stationed primarily in the labora-
tory.) Some procedures (e.g., interventional TEE) tie up machines for longer- than- expected periods, creating the need for equipment redundancy in 
some centers. Resource allocation may be facilitated by linking specialized machines to a site- of- service type (e.g., stress echocardiography labora-
tory, catheterization laboratory [cath lab]). The equipment inventory list (or spreadsheet) can be used to spot accumulated outdated technology or 
excessive machine downtime. This inventory can inform a proactive technology replacement cycle. A detailed sonographer roster is equally valuable 
when it includes the sonographers’ machine- specific scanning and/or data analysis competencies. A sonographer competency “report card” can be 
a source of pride and motivation for sonographers and can be used to identify career goal preferences, including those of capable individuals who 
require learning pathways for pursuing advanced credentialing (e.g., congenital conditions, advanced cardiac sonography). AR, Aortic regurgitation; 
AS, aortic stenosis; ASAP, as soon as possible; CAD, coronary artery disease; CME, continuing medical education; Cx, complex; dz, disease; HCM, hy-
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tral stenosis; PRN, when necessary; PT, part-time; Sonogr, sonographer; stat, immediately (urgent); str, structural; UEA, ultrasound enhancing agent.
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all appropriate environmental and equipment- cleaning stan-
dards.30 Facilities engineers may be needed to ensure that all 
clinical care surfaces and scanning furniture are appropriate 
and intact for routine decontamination. TEE probes must go 
through the proper special decontamination procedures out-
lined by the facility’s standards for deep decontamination and 
appropriate storage.

The COVID- 19 pandemic revealed an acute need for consen-
sus among echocardiographers and facilities on how to protect 
patients and frontline care providers when echocardiograms 
are required. New recommendations, first published in April 
2020, highlight policies to mitigate further potential laboratory- 
related spread of a dangerous respiratory pathogen while provid-
ing essential care. These recommendations (some of which are 
departures from usual care) are summarized in Table 7.4 (Figs. 
7.5 and 7.6).8,31,32 Many of them may be appropriate for future 
emergent pathogens and for the more common highly infectious 
organisms already familiar to echocardiographers (e.g., seasonal 
influenza, active tuberculosis, Clostridium difficile). 

Time- Out
Although the procedural risks of echocardiography procedures 
(including TEE and stress echocardiography) are low, instances 
of performing the wrong procedure on the wrong patient are well 
documented in the patient safety literature.33 An immediate pre-
procedure “time-out” exercise (patient at procedure, team member 
verbal verification of the patient’s identity and planned procedure) 
can improve the detection of clerical errors such as patient mis-
identification and wrong procedure order. The absolute and relative 
contraindications for TEE34 and stress testing should be familiar to 
staff members and incorporated into pretesting checklists. 

Moderate Sedation
Moderate sedation (previously called conscious sedation) is 
defined as “a drug- induced depression of consciousness during 
which patients respond purposefully to verbal commands either 
given alone or accompanied by light tactile stimulation”35 and 
do not require interventions to maintain adequate spontane-
ous ventilation. Moderate sedation is used in various practice 
settings by a wide variety of care providers, including physi-
cians performing TEE. Therefore, appropriately credentialed 
TEE medical and nursing support staff members should be 
well versed in moderate sedation protocols and should follow 
their facility’s internal moderate sedation policies. A designated 
individual other than the person performing the TEE must be 
continuously available to monitor level of consciousness, respi-
ratory status, and hemodynamics; to administer oxygen and 
any appropriate medications; and to ensure a contemporaneous 
recording of monitored parameters. Sedation and analgesia for 
TEE patients were reviewed in detail by Hahn et al.,34 and prac-
tice guidelines for moderate procedural sedation and analgesia 
have been updated.35 

Radiation Safety
After decades of use, there continues to be no scientific evidence 
that exposure to diagnostic medical instrument ultrasound 
energy has adverse biologic effects on patients or sonogra-
phers.36 However, in some practice settings, sonographers may 
be exposed to low- level ionizing radiation when examining 
patients who were recently injected with radioisotopes for diag-
nostic imaging purposes.37	Risk	to	sonographers	from	this	type	
of diagnostic radioisotope exposure is very low, but it can be fur-
ther mitigated by scheduling echocardiography examinations in 

advance of nuclear imaging studies whenever possible, waiting 
a short period of time for adequate radioisotope decay, and pro-
viding accommodations for at- risk employees such as pregnant 
women. The echocardiography laboratory’s technical director 
should consult with the facility’s radiation safety officer to estab-
lish best practice policies and employee education and to ensure 
regulatory compliance.

Many contemporary laboratories must manage the inher-
ent risk of radiation exposure to individuals performing inter-
ventional TEE in fluoroscopic laboratories.38 Interventional 
TEE operators providing TEE guidance during certain percu-
taneous cardiac interventions can receive a scattered radiation 
dose equivalent to that received by the primary interventional 

Summary Recommendations for Policies and Procedures 
During COVID- 19 Outbreak.a

Defer/Reschedule Options

	•	 	Identify	and	defer	elective	examinations
	•	 	Identify	and	perform	urgent/emergency	examinations

Assess patient COVID- 19 status (low risk vs. suspected vs. confirmed)

Provide Appropriate Levels of Self- Protection

TEEs are high- risk—defer whenever possible; perform in suspected/confirmed 
cases with airborne PPE precautions

Institutional PPE Conservation

	•	 	Defer	nonurgent/emergency	examinations	in	suspected/confirmed	cases
	•	 	POCUS—imaging	by	trained	clinician	already	caring	for	patient

Limiting Exposure During Examinations

	•	 	Problem-	focused,	limited	examinations	that	are	guided	by	prior	studies,	
other imaging including POCUS findings

	•	 	One-	person	examinations	(sonographer	or	physician;	limit	trainees)b,c

	•	 	Defer	ECG	recordings	(remove	ECG	leads	and	cables;	use	timed	
acquisition)b

	•	 	Ultrasound	system	modifications	to	limit	cross-	contaminationb,c

	•	 	Remove	nonessential	material	from	carts	(e.g.,	paperwork,	multiple-	use	gel	
containers, linens, ECG cables, extra probes)

	•	 	Single-	use	gel	packets,	or	gel-	filled	syringes	for	single	use	(no	bottles)
	•	 	For	airborne	pathogen	environments	(e.g.,	ventilated	patients,	high-	flow	

oxygen, TEEs), drape ultrasound systems to avoid unnecessary contamina-
tion of touchable surfaces (see Figs. 7.5 and 7.6)

Reading- Room Methods To Reduce Transmission

	•	 	Facilitate	remote	report	generation	and	echocardiography	consultation
	•	 	Frequent	disinfection	of	computer	keyboard,	mouse,	surfaces,	chairs,	door-

knobs
	•	 	Discourage	congregation	in	the	echocardiography	laboratory	reading	room
	•	 	Hand	hygiene	stations	widely	available

Hand Hygiene Stations Widely Available

Identify and appropriately reassign personnel with special risk factors (e.g., age 
>60 y, immunosuppression, chronic disease, cardiopulmonary conditions, 
pregnancy)

aThese recommendations were developed in response to the COVID- 19 pandemic. 
Some elements may be subject to change, although many will be useful for honing a 
laboratory’s policies when it comes to mitigating the spread of many other types of 
infectious diseases. Please refer to the source documents and your facility’s policies and 
procedures for disinfection of personal protective devices.

bFrom Mitchell C, Collins K, Hua L, et al. Specific considerations for sonographers when 
performing echocardiography during the 2019 novel coronavirus outbreak: supple-
ment to the American Society of Echocardiography statement. J Am Soc Echocardiogr. 
2020;33(6):654–657.

cFrom Nicoara A, Maldonado Y, Kort S, Swaminathan M, Mackensen GB. Specific 
considerations for the protection of patients and echocardiography service providers 
when performing perioperative or periprocedural transesophageal echocardiography 
during the 2019 novel coronavirus outbreak: Council on Perioperative Echocardi-
ography Supplement to the Statement of the American Society of Echocardiography 
Endorsed by the Society of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr. 
2020;33(6):666–669.

ECG, Electrocardiogram; POCUS, point- of- care ultrasonography; PPE, personal protec-
tive equipment; TEE, transesophageal echocardiography.

Adapted from Kirkpatrick JN, Mitchell C, Taub C, Kort S, Hung J, Swaminathan M. ASE 
statement on protection of patients and echocardiography service providers during the 
2019 novel coronavirus outbreak. J Am Soc Echocardiogr. 2020;33(6):648–653.

TABLE 
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cardiologist, and higher doses are possible during procedures 
with a primary right anterior oblique fluoroscopic projection 
when the TEE equipment is placed at the patient’s left side (the 
typical arrangement). Exposure of TEE operators can be greatly 
reduced (up to 82%) by a dedicated ceiling- suspended acrylic 
lead shielding device.39 Interventional echocardiographers 
should be included in the facility’s radiation safety program, 
accommodated by adequate fluoroscopy laboratory shielding 
design strategies, and issued appropriately fitted lead shielding 
garments. 

Instrument Maintenance
Diagnostic instruments must be kept in good operating con-
dition for test accuracy and patient safety. Instrument mainte-
nance logs should include documentation of routine electrical 
safety, surface and filter cleaning, and accuracy testing according 
to the manufacturers’ recommendations. Probes for TEE must 
be checked for structural and electrical integrity after each use 
with an electrical current tester; the “passed” or “failed” result 
should be documented in the TEE probe cleaning and mainte-
nance log, and action should be taken on “failed” results.26 

Instrument Inventory
An important aspect of laboratory management is creating an 
instrument inventory (see Fig. 7.4). A “fleet list” can be used to 
ensure that appropriate machines are available when needed 
for protocols requiring specialized or advanced features (e.g., 
stress, 3D, strain imaging), to identify faulty equipment, and to 
establish a proactive technology replacement cycle. Inventory 
entries include instrument type (e.g., ultrasonography cart, 
TEE probe, transducer), vendor, key features, manufacture 
date, service entry date, routine maintenance history, repair 
history (including out- of- service dates), and usage time. Pro-
longed maintenance of outdated equipment is not uncommon 
in laboratories with stringent cost- containment policies or 
when equipment oversight is simply lacking. If left unchecked, 
this situation can eventually result in patient care costs related 
to overall substandard image quality, unplanned downtime, 
and the potential for unplanned urgent purchases as opposed 
to strategic technology upgrades. Additionally, wide variation 
in imaging platform vintages and user interface types may 
impair sonographers’ ability to consistently optimize images 

A B C

Fig. 7.5 Infection control approaches to ultrasound systems. (A) Partial draped ultrasound system (knob, console, and screen). (B) Draped probe. 
Draping indicates that it is decontaminated and safe for next use. (C) Completely draped handheld system (probe, cable, and imaging platform).

Fig. 7.6 Draping of ultrasound system for TEE studies. Near- complete 
draping of the ultrasound system (knobs, screen, cart, and probe cable) to 
avoid unnecessary contamination of touchable surfaces before TEE. (From 
Nicoara A, Maldonado Y, Kort S, Swaminathan M, Mackensen GB. Specific 
considerations for the protection of patients and echocardiography service 
providers when performing perioperative or periprocedural transesopha-
geal echocardiography during the 2019 novel coronavirus outbreak: Coun-
cil on Perioperative Echocardiography supplement to the statement of the 
American Society of Echocardiography Endorsed by the Society of Cardio-
vascular Anesthesiologists. J Am Soc Echocardiogr. 2020;33[6]:666–669.)
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on all of the different platforms, although this possibility has 
not been formally studied. 

QUALITY IMPROVEMENT PROGRAM
Quality improvement can be defined as a systematic and con-
tinuous set of actions using specific techniques to improve pro-
cess and quality, ideally leading to measurable improvements in 
health care services. The quality premise behind IAC accredita-
tion is that feedback from an objective external review of facil-
ity structure and submitted “best work” is an important starting 
point for a laboratory’s self- assessment and a quality evaluation.

The most important and ongoing step in obtaining and main-
taining laboratory accreditation (and quality) is the develop-
ment of a QI plan. The IAC laboratory accreditation standards 
require that facilities develop a written QI program of recur-
rent internal evaluation in four areas. A fifth item, correlation, is 
strongly recommended but not required because some facilities 
may not have the means to do so routinely.
 1.  Appropriate use (according to the AUC guidelines)
 2.  Technical quality (and safety when applicable, such as 

with TEE or stress imaging)
 3.  Quality of analysis and interpretation
 4.  Completeness and timeliness of reports
 5.  Correlation of findings with those from other imaging 

modalities
The laboratory’s medical director, a QI committee, or both 

must provide QI program oversight, including reviewing QI 
evaluations, documenting any deficiencies, planning and 
implementing corrective action, and performing follow- up 

assessment. QI parameters must be assessed on a quarterly 
basis, and facilities must conduct at least two QI meetings per 
year.

Historically, implementing and maintaining a laboratory 
QI program was viewed as time- consuming and requiring 
additional resources. With advances in digital technology and 
streamlined processes for case reviews, QI management and 
documentation have become less labor intensive. The IAC 
recommends use of an online QI tool40 for laboratory self- 
assessment. The QI tool includes analytic features to show 
progress and automatically fulfill the ongoing accreditation 
requirement by reporting the QI analysis and follow- up initia-
tives. QI record keeping includes case review data from labo-
ratory QI meetings, meeting minutes, and the staff attendance 
list. Although the medical and technical directors and key staff 
must review the laboratory’s QI data at least quarterly, a formal 
gathering of the laboratory staff must occur at least semiannu-
ally. Few peer- reviewed publications have examined how best 
to perform continuous QI in echocardiography laboratories. 
The British Society of Echocardiography put forth an echocar-
diography quality framework (EQF)41 as a means for imple-
menting QA, and this was further developed by Ingram et al.42 
The EQF, illustrated in Fig. 7.7, is a holistic, patient- centered 
approach that includes all aspects of IAC- recommended 
quality metrics. The EQF highlights the need for laboratory 
self- evaluation and active engagement in QA processes that 
support an echocardiography laboratory’s historic central role 
as a place for staff improvement through ongoing learning and 
technical training while providing compassionate care and 
efficient service.
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Fig. 7.7 The Echocardiography Quality Framework. This EQF for implementing quality improvement was developed by the British Society of 
Echocardiography. echo, Echocardiography. (From Ingram TE, Baker S, Allen J, et al.: A patient- centred model to quality assure outputs from an 
echocardiography department: consensus guidance from the British Society of Echocardiography. Echo Res Pract. 2018;5:G25–G33.)
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APPROPRIATE USE CRITERIA: A BRIEF HISTORY 
AND GUIDELINE UPDATES

As the cornerstone of diagnosis, risk- stratification, and manage-
ment of cardiovascular disease, echocardiography is the most 
frequently ordered imaging test. To safeguard the quality and 
availability of this valuable resource, laboratories should dem-
onstrate that the studies they perform are in general, clinically 
indicated. The American College of Cardiology Foundation 
initially published appropriateness criteria for TTE and TEE 
(in 2007)43 and for stress echocardiography (in 2008)44 to pro-
vide physician- driven guidance for improving the use of these 
modalities. The appropriateness methodology employs a rating 
system that is used by a panel of experts and other stakeholders 
(in a modified Delphi process) to achieve consensus on appro-
priate use of echocardiography in specific clinical scenarios (i.e., 
indications), particularly in situations in which clinical outcome 
studies are lacking.45

Beginning in 2011, revised AUC for echocardiography46 
incorporated methodology refinements and a more compre-
hensive approach, including 202 indications for TTE, TEE, 
and stress echocardiography.47,48 The initial panel of modality- 
specific AUC documents were focused on nuclear medicine 
procedures (e.g., single- photon emission computed tomogra-
phy [SPECT], positron emission tomography [PET]), cardiac 
computed tomography (CCT) and cardiac magnetic reso-
nance	 (CMR)	 imaging,	 adult	 echocardiography,	 and	diagnos-
tic heart catheterization. They provided validation data for 
the AUC method, but cross- referencing of each document for 
similar clinical indications proved unwieldly for practitioners 
in their daily work. The AUC have now been updated (2018) 
to prescribe a multimodality imaging approach.49 Tables list-
ing consistent clinical indications for various disease states 
across the commonly available imaging modalities (including 
echocardiography) are more easily used by busy clinicians. 
The multimodality format can potentially be incorporated into 
decision- support tools, mobile point- of- care applications, and 
outcomes research.49

The AUC for echocardiography are found in the following 
companion documents:
	•	 	Stable Ischemic Heart Disease—2013 Multimodality AUC 

(stress echocardiography)50

	•	 	Valvular Heart Disease—2017 Multimodality AUC (TTE, 
TEE, stress echocardiography)51

	•	 	Cardiac Structure and Function (Nonvalvular Heart 
Disease)—2019 Multimodality AUC (TTE, TEE, stress 
echocardiography)52

	•	 	Congenital Heart Disease, Follow- up Care—2019 Multimo-
dality AUC (TTE, TEE, stress echocardiography)53

In the AUC documents, clinical indications are broken down 
into disease state categories, whether the test is initial or fol-
low- up, the presence or absence of symptoms, and whether the 
examination is or is not indicated for screening or surveillance 
purposes. To apply the AUC, certain general assumptions must 
be made, including (1) the indication is based on a nonurgent 
clinical circumstance and (2) a clinical history and physical 
examination have been performed by a qualified clinician.52 
The appropriate use categories are A, appropriate; M, may be 
appropriate	(formerly	called	“unsure”);	and	R,	rarely	appropri-
ate (formerly called “inappropriate”).

Appropriate Indications
Echocardiography is rated “appropriate” most often for symp-
tomatic patients with known or suspected cardiovascular 

disease. In hospitalized patients, particularly those with 
high- risk comorbidities, initial complete TTEs are frequently 
appropriate and are potentially underutilized.54	 Repeat	 echo-
cardiography examinations during the same hospitalization 
may be appropriate after a phase- of- care change (e.g., after car-
diac surgery or other intervention) or after the development of 
unexplained new symptoms. It is important to emphasize that 
echocardiography does not have to be performed whenever an 
appropriate indication is identified. The echocardiogram should 
be viewed as an appropriate option when the clinician deter-
mines that it could be clinically useful. 

Rarely Appropriate Indications
Clinical indications rated as “rarely appropriate” most often involve 
outpatients with mild heart disease who are undergoing repeat 
examinations for routine surveillance less than 3 years after diag-
nosis. Programs to reduce inappropriate use often focus on these 
and the other indications listed in Table 7.5.46 Clinical judgment 
is essential for determining the best course of care for a specific 
patient; the AUC documents are not intended to be rigidly applied 
but to be used as a tool for identifying patterns of excessive use. 
Providers should be able to explain the additional clinical circum-
stances that justified the use of echocardiography in certain cases 
with “may be appropriate” or “rarely appropriate” indications. 
Investigators have shown that the number of rarely appropriate 
outpatient echocardiograms ordered by academic cardiologists 
can be significantly reduced by applying focused educational tools 
and an auditing process that provides constructive feedback.55 This 
educational intervention process has also proved successful across 
different ordering physician types and payment environments.56 

Appropriate Use In Practice
To determine the extent of an echocardiographic examination 
needed for a complete interpretation and summary report, a 
sonographer must know precisely why the examination has been 
requested. If the laboratory’s available medical record or order- 
entry process systematically omits clinical information needed to 
support the examination indication (e.g., comorbidities, known 

Most Common “Rarely Appropriate”a Indications for  
Transthoracic Echocardiography in Clinical Practice.

	•	 	Lightheadedness/presyncope	when	there	are	no	other	symptoms	or	signs	of	
cardiovascular disease

	•	 	Routine	surveillance	of	ventricular	function	in	a	patient	with	known	coro-
nary artery disease and no change in clinical status or cardiac examination

	•	 	Routine	preoperative	evaluation	of	ventricular	function	in	a	patient	with	no	
symptoms or signs of cardiovascular disease

	•	 	Routine	surveillance	(<3	y)	of	mild	valvular	stenosis	without	a	change	in	
clinical status or cardiac examination findings

	•	 	Routine	surveillance	(<3	y	after	valve	implantation)	of	a	prosthetic	valve	if	
there is no known or suspected valve dysfunction

	•	 	Suspected	endocarditis	in	a	patient	with	transient	fever	but	no	evidence	of	
bacteremia or new murmur

	•	 	Routine	evaluation	of	a	patient	with	systemic	hypertension	but	no	symptoms	
or signs of heart disease

	•	 	Routine	surveillance	(<1	y)	of	heart	failure	(systolic	or	diastolic)	when	there	
is no change in clinical status or cardiac examination findings

aFormerly termed “inappropriate.”
Data	from	Douglas	PS,	Garcia	MJ,	Haines	DE,	et al.	ACCF/ASE/AHA/ASNC/HFSA/HRS/
SCAI/SCCM/SCCT/SCMR	2011	Appropriate	use	criteria	for	echocardiography:	a	re-
port of the American College of Cardiology Foundation Appropriate Use Criteria Task 
Force, American Society of Echocardiography, American Heart Association, American 
Society	of	Nuclear	Cardiology,	Heart	Failure	Society	of	America,	Heart	Rhythm	Society,	
Society for Cardiovascular Angiography and Interventions, Society of Critical Care 
Medicine, Society of Cardiovascular Computed Tomography, and Society for Cardio-
vascular	Magnetic	Resonance.	Endorsed	by	the	American	College	of	Chest	Physicians.	J 
Am Soc Echocardiogr. 2011;24:229–267.
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or suspected disease states), examination quality can be adversely 
affected. Laboratory efficiency is reduced whenever these clini-
cal data elements must be tracked down before an examination 
can be started or, even worse, after the examination has been per-
formed. Laboratories should have reference copies of the current 
AUC document tables on hand. An IAC- accredited QI program 
requires an appropriate use evaluation of at least two examina-
tions quarterly for each accredited area (i.e., TTE, TEE, and stress 
echocardiography). Although this may seem like a small number, 
there is no validated correct number for QI purposes, and labora-
tories may evaluate larger sample sizes.

In practice, the responsible laboratory personnel should 
review the clinical data and indication fields of selected examina-
tion	reports	and	then	assign	a	rating	(A,	M,	or	R)	as	described	in	
the most recent AUC documents. This exercise can detect order-
ing patterns that may need to be investigated to reduce “rarely 
appropriate” use. Some examination indications may be so vague 
that the rating assignment must be “unable to determine” (e.g., 
a notation of “aortic regurgitation” without any information 
on time course, severity, or symptoms). Detection of frequent 
“unable to determine” appropriateness cases should prompt an 
evaluation of the laboratory’s ordering and clinical documenta-
tion process. Depending on the amount of information omitted, 
corrective actions could include AUC education for ordering 
clinicians, revising open electronic order- entry tools for exami-
nations, and retraining of clerical scheduling and technical per-
sonnel with the goal of measurably improving performance.

The COVID- 19 pandemic, and presumably any regional 
epidemic, may necessitate rethinking the AUC and, perhaps, 
temporarily changing them. When community or facility 
disease- transmission risk is high, there may be an inordinate 
risk for disease spread among patients and health care work-
ers, including sonographers, who must work in close proxim-
ity to patients. In such situations, there is consensus that only 
urgently needed examinations should be performed. Exami-
nation urgency can be determined on a case- by- case basis by 
consultation between ordering physicians and members of the 
laboratory’s key medical staff or programmatically by postpon-
ing otherwise appropriate surveillance testing or diagnostic test-
ing that will not immediately affect patient care (see Table 7.4).31 

PROTOCOL CONSISTENCY

A set of protocols defines the scope of work performed in a lab-
oratory (e.g., TTE, stress imaging, TEE). For IAC accreditation 
purposes, the laboratory’s comprehensive examination proto-
col must define the components of the standard examination. 
An examination protocol at its most basic is the examination 
sequence (i.e., the order of views). An evaluation of examina-
tion quality includes assessing the sonographer’s ability to cap-
ture the proper number of cardiac cycles, employ scanning 
maneuvers and machine adjustments for image optimization, 
and perform appropriate measurements and analysis according 
to protocol details and the patient’s disease state.

Published guidelines for minimum protocol standards pur-
posefully lack certain specific details. However, all examina-
tions conducted at the same facility should include the same 
sequence of views, extent of data obtained, and any special 
imaging techniques to be used for given specific indications by 
all staff members (including temporary or new staff). Ability to 
follow laboratory- specific protocols is the basis for sonographer 
and trainee competency assessment (Figs. 7.4 and 7.8) and QI 
programs (e.g., case reviews).

Transthoracic Echocardiography Protocol
New guidelines for performing a comprehensive TTE exami-
nation (Table 7.6) have been published by the ASE.57 This 
document provides recommendations for examination con-
tent (image acquisition windows, 2D, M- mode, color Doppler, 
spectral Doppler) and recommendations for image optimiza-
tion techniques, which are also detailed elsewhere in this book. 
Protocols for using ultrasound enhancing agents, longitudinal 
strain, and three- dimensional (3D) imaging for left ventricular 
(LV) size, as well as functional assessment when indicated and 
feasible, can be considered new standards for certain patient 
populations. Sonographers should know when to selectively 
apply protocols for assessing pericardial disease (i.e., pericardial 
effusion) and intracardiac shunts (IV saline contrast imaging) 
with Valsalva maneuver when appropriate. 

ANALYSIS AND INTERPRETATION QUALITY

Numerous operator-  and patient- dependent variables interact 
to determine echocardiography quality outcomes. Image quality 
can be undermined by improper measurement, interpretation, or 
reporting. By the same token, even the best analysis and inter-
pretation techniques will be undermined by poor image quality. 
The quality (i.e., diagnostic accuracy) of clinical echocardiogra-
phy examination interpretation depends on whether medical staff 
have an appropriate level of baseline training and experience and 
participate in CME. Laboratory interpretive quality may benefit if 
all medical staff members know they are allowed to consult with 
peers and senior or more experienced medical staff members 
when needed. A formal or informal arrangement for consultation 
expertise can be made between independent facilities, as well.

A laboratory’s QI program must include a process for case 
reviews. Minimal case review criteria (as prescribed for IAC 
laboratory accreditation) can be helpful for identifying problem 
areas to discuss and potentially address with a more compre-
hensive action program during the laboratory’s QI meetings. 
Case review programs involve a system for retrospective col-
league over- reads to ensure consistency within the laboratory. 
This is usually a nonblinded evaluation performed to determine 
whether the reviewer and the initial interpreter agree or dis-
agree on the reported cardiac structure and function statements 
regarding the four heart valves, all four cardiac chambers, the 
great vessels, and the pericardium. When patterns or specific 
examples of disagreement are found (regarding valve regur-
gitation or stenosis severity, left or right ventricular size and 
function, segmental wall motion, or other hemodynamic data), 
corrective action can include appropriate constructive feedback, 
discussion and learning segments during quarterly QI meet-
ings, and refinements of laboratory reporting standards.

Case correlations with other imaging modalities, when 
available, are recommended; these correlations can become an 
important teaching component in QI meetings. Formal pro-
grams for reducing interobserver variability in clinical echocar-
diography laboratories58–64 are ideal. Efforts to develop rigorous, 
novel QI methods are ongoing.65 However, validating a labora-
tory’s internal interobserver and intraobserver variability can 
become a time- consuming project, reliant on local subject- 
matter expertise and cumbersome traditional methodologies.

Recent	 developments	 in	 the	 field	 of	 artificial	 intelligence,	
derived from a growing array of machine deep- learning sys-
tems that use mathematical algorithmic analysis of large data 
sets, promise to eventually revolutionize laboratory quality 
assessment and workflow.66–69 For the time being, significant 
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limitations on embedding artificial intelligence–assisted anal-
ysis and interpretation include the need for further valida-
tion studies, lack of source data standardization, and legacy 
technology. 

Echocardiography Core Laboratory
The QI responsibilities of ECLs are inherently different from 
those of clinical echocardiography laboratories, although 
they are related. The ASE 2009 expert consensus statement70 
noted that “[echocardiography] is an essential element of 
cardiovascular clinical research. The noninvasive assess-
ment of cardiac structure and function and of hemodynam-
ics using echocardiography can provide essential data on the 
safety and efficacy of drugs and devices, as well as insight 
into mechanisms of disease and therapeutic benefit.” The 
ECL must design enrollment criteria for participating clini-
cal echocardiography laboratories (sites) to ensure the accu-
racy and reproducibility of submitted data, although this can 
be difficult to achieve.71 In addition, the ECL must develop 
internal processes for continually following QI practices 
that will optimize all aspects of internal data analysis and 
adherence to client and regulatory agency standards. Qual-
ity standards for ECLs are not specifically addressed by the 
IAC. However, ECLs often require that clinical sites be IAC- 
accredited at a minimum. If chosen to participate in clinical 
trials managed by an ECL, clinical echocardiography labora-
tory sites must receive appropriate training, approval, and 
ongoing monitoring and feedback. This iterative relationship 

Checklist for IAC adult echocardiography laboratory accreditation

Exam performance, analysis, interpretation, and reporting

Quality improvement

��Scheduling
� � ��Policy to accommodate routine, urgent, and stat exams
� � ��Appropriate use policy tool
��Protocol development
� � ��Create lab's protocol inventory for each modality / test type
� � ��Briefly list required views in sequence, noting any required data
   elements and required online analysis capture
� � ��[Detailed "how to" instructions not needed]
� � ��Include ECG cycle capture rules (when to use timed capture)
� � ��Create additional imaging and analysis subprotocols (e.g., for
   tamponade, MR, AS, agitated IV saline, ultrasound-enhancing
   agent use) to be applied when appropriate
� � ��Apply uniformly — all sonographers and testing sites
��Establish data analysis workflow
� � ��Online, offline, or both
� � ��Pre-analysis and interpretation by trainees / technical staff
� � ��Final interpretation by medical staff
��Reporting policy
� � ��Consistent report elements — all readers and all sites
� � ��Processes for ensuring both timely final interpretation and results
   communication appropriate for patient diagnosis and acuity
� � ��Policy for critical results communication
��Track exam turnaround times
��Accreditation case submissions
� � ��Gather best work for required case types (e.g., MR, AS), which
   differs according to modality (TTE, TEE, stress)
  ��Numbers required vary with lab staff size [consult IAC standard]

��Establish quarterly QI review and QI meeting standing agenda: Volumes,
 turnaround times, appropriate use, case reviews (technical quality,
 analysis, reporting), and updates (e.g., staff, equipment, protocols)
��QI meeting minutes available for random audit / reaccreditation

Ancillary staff support

Adequate nursing, administrative, biomedical, infection
control, medical staff services, etc.

�

Workspace (facility)

Procedure rooms, interpretation, cleaning, and storage
areas compliant with regulatory standards

�

Instrument quality and maintenance

Adequate capabilities (state-of-the art)
Similar device quality across all sites
Methods and frequency of routine maintenance and safety
checks – assign individual(s) for log updates

�
�
�

Lab type and location Continuing medical education (CME)b

Single site – single address
Multi-site – single address
(fixed and / or mobile)

�
�

Obtained during 3 years before application

Medical director
Medical staff
Technical director
Technical staff

30 hours
15 hours
15 hours
15 hours

�
�
�
�

Adult
Adult
Adult

TTE
Stress
TEE (must be TTE-accredited)

Services provided

�
�
�

Tools for assessing patient satisfaction�

Patient and staff safety

Compliance with facility-wide regulatory standards
Infection control policies and compliance (inherent risk)

Low-level disinfection (LLD) indications
High-level disinfection (HLD) indications
Personal protective equipment (PPE) use

�
�

�
�
�

Medical director

Medical staff

Training
Clinical practice experience

Training
Clinical practice experience

Medical staffa

�

�

�
�

�
�

Technical staffa

Technical director
Training (appropriate credential)
Exam performance, participation, and
oversight responsibilities

Technical staff
Training (appropriate credential)

Provisional staff
Appropriate credential within 1 y of
graduation

Updated semianually (subject to audit)

�

�

�
�

�

�

�
�

Fig. 7.8 Checklist for IAC adult echocardiography laboratory accreditation. According to the 2017 IAC Adult Echocardiography Standards, “An 
echocardiography facility is defined as an entity located at one postal address, composed of at least one ultrasound instrument and a Medical Direc-
tor and a Technical Director performing and/or interpreting transthoracic echocardiography. There may be additional physicians and sonographers. 
The facility may also perform transesophageal or stress echocardiography” (https://www.intersocietal.org/echo/standards/IACAdultEchocardiogra
phyStandards2017.pdf). With a practice of quarterly information updates, a laboratory should be fully prepared on a continual basis for reaccredita-
tion or an audit without additional efforts. Similar checklists can be developed for pediatric and perioperative laboratories; complex and teaching 
laboratories will require additional elements, and these can be added to assist with additional resource allocations and oversight assignments. a, A 
policy must be in place for facility primary source verification of appropriate medical education, training, licensing, credentialing, and CME status;  
b, Medical Staff CME requirements are considered fulfilled if formal training or National Board of Echocardiography (NBE) Testamur status is obtained 
or renewed within 3 years of the application. AS, Aortic stenosis; ECG, electrocardiogram; IV, intravenous; MR, mitral regurgitation.

Brief Standard TTE Imaging Windows Protocol and  
Provisos for Limited TTE Follow- Up Examinations and  
Additional Views.

Standard TTE Examination 
Views

Parasternal long- axis (PLAX)
	•	 	LV/LVOT
	•	 	RVIT/RVOT
Parasternal short- axis (PSAX)
	•	 	Great	vessels/valves
	•	 	LV
Apical
	•	 	4-	chamber
	•	 	4-	chamber—RV	focused
	•	 	5-	chamber—LVOT 

(RVOT	with	tilt)
	•	 	4-	chamber—posterior 

(coronary sinus)
	•	 	2-	chamber
	•	 	3-	chamber	(apical	long-	

axis)
Subcostal
	•	 	4-	chamber
	•	 	IVC/hepatic	vein
Suprasternal notch

Limited TTE—May Follow A Comprehensive 
Examination

Whenever the comprehensive TTE interpre-
tation is inconclusive (return for further 
imaging), or 

When known abnormalities must be reassessed 
(e.g., pericardial fluid, PAP, LVEF)

	•	 	Extra	pair	of	hands	for	standard	views
	•	 	Need	for	add-	on	(e.g.,	UEA,	IV	saline,	3D,	

strain)
	•	 	Pericardial	effusion
	•	 	LV	function
	•	 	RV	and	pulmonary	hypertension

A Standard Comprehensive TTE Protocol
May include additional views and procedures 

depending on the reason for the examination 
and the underlying and possibly previously 
undetected disease

	•	 	LV	assessment	(strain,	UEA,	3D,	LVEF)
	•	 	Pericardial	disease	assessment
	•	 	Valve	disease
	•	 	Atrial	septal	communications	(IV	saline,	

Valsalva)
	•	 	Intrapulmonary	shunt	(IV	saline)
	•	 	Dynamic	LVOT	obstruction	(Valsalva)
	•	 	LA	pressure	(Valsalva)

IVC, Inferior vena cava; LVEF, left ventricular ejection fraction; LVOT, left ventricular 
outflow tract; PAP, pulmonary artery pressure; RVIT, right ventricular inflow tract; 
RVOT, right ventricular outflow tract; UEA, ultrasound enhancing agent.

Adapted	from	Mitchell	C,	Rahko	PS,	Blauwet	LA,	et al.	Guidelines	for	performing	a	com-
prehensive transthoracic echocardiographic examination in adults: recommendations 
from the American Society of Echocardiography. J Am Soc Echocardiogr. 2019;32:1–64.

TABLE 
7.6

https://www.intersocietal.org/echo/standards/IACAdultEchocardiographyStandards2017.pdf
https://www.intersocietal.org/echo/standards/IACAdultEchocardiographyStandards2017.pdf


7 Diagnostic Echocardiography  Laboratory 149

should improve quality in participating clinical laborato-
ries, which is also critical for ensuring the rigor of clinical 
research.

Statistical analyses have been published regarding several 
important quality parameters of clinical investigation labora-
tories. These include whether enrolled sites can submit exami-
nations with complete endocardial border definition in two 
apical views for calculations of LV volume and ejection frac-
tion. When laboratories with a high experience level were certi-
fied as imaging sites after a training process and qualifying test 
echocardiography submissions, subsequent clinical trial exami-
nations showed low rates of acceptable endocardial definition 
in two apical views: 43.5%72 and 47.9%.73 However, when an 
experimental intervention was implemented that targeted a key 
variable (diastolic LV volume), measurements taken before and 
after the intervention revealed dramatic improvement.73 Inter-
ventions to improve image- acquisition skills included post- 
training quizzes, individual sonographer certification, monthly 
quality updates, scorecards, and on- site physician approval 
of submitted examinations (Table 7.7). Although this type of 
detailed, day- to- day oversight could be burdensome for a clini-
cal laboratory’s daily operations, some of these concepts can 
be applied in a sustainable way to improve practice in clinical 
laboratories. 

REPORTING
Report Completeness and Consistency
Echocardiography can improve patient outcomes only when 
critical data elements are accurately recorded, analyzed, inter-
preted, and communicated to care providers in a timely manner 
and in a format that can be readily understood and translated 
into patient- care decisions. An echocardiogram report is also 
frequently linked to billing systems, and because it documents 
a discrete episode of care, a report may become legal evidence. 
Therefore, the report itself represents the final critical link in a 
chain of quality.

The concept of structured reporting has been promoted 
as an important mechanism for improving patient care.74,75 
A structured reporting process organizes data into consistent 
demographic, anatomic, hemodynamic, and interpretation 
data elements in a standardized fashion, which can facilitate its 
use clinically and in QI initiatives. Such initiatives can include 
tracking of internal quality indicators such as appropriate use, 
timeliness, completeness, and diagnostic accuracy (as deter-
mined by multimodality correlation), as well as participation in 
data registry programs designed to foster clinical care outcomes 
research.76,77 In current practice, most commercially avail-
able laboratory analysis and reporting systems are in compli-
ance with the IAC’s minimum structured reporting standards.  

Steps Taken to Ensure Optimal Study Quality.a

Optimizing Structure Optimizing Processes

Protocol Design Site Selection and Initial Training ECL Structure and Processes
Image Acquisition Continuous Quality 
Improvement Initiatives

The ECL Principal Investigator served 
on the trial steering committee and 
had input to the original protocol 
and all protocol revisions.

A survey was sent to potential sites as-
sessing key personnel and resources 
including the ability to acquire 3D echo-
cardiographic images. Completion of the 
survey identifying key staff and resources 
was required for site participation.

Each ECL sonographer underwent 
an initial determination of ac-
ceptable	IIR	using	the	study-	
specific analysis protocol before 
analyzing study echoes and then 
annually.

The site MD echocardiographer 
reviewed and approved the 3D images 
before the subject left the site.

An imaging- specific manual of proce-
dures was developed that specified 
certification of the sonographer 
(rather than the site alone), image 
acquisition and transfer protocols, 
ECL review of site images, and 
multiple feedback processes.

All sites underwent online training to 
review the protocol and to provide 
instructions on 2D and 3D image acqui-
sition. Training slides were available to 
all sites, and satisfactory quiz completion 
was required for initial sonographer 
certification.

Dedicated ECL research sonog-
raphers	with	acceptable	IIR	
reviewed and performed the 
initial measurements on the site- 
submitted echocardiograms.

An ECL sonographer assessed the 
adequacy of each 2D and 3D study re-
viewed for the required critical views 
to measure LV volume, LVEDV, and 
LVEF. Sites were asked to resubmit 
inadequate studies and, in some cases, 
to rescan the subjects (queries).

The primary trial end point of change 
in LVEDV from baseline to 6 
mo was selected a priori. Paired 
3D echocardiographic data were 
preferred, but if not present, 2D 
echocardiographic data were used.

Sites were invited to attend two live train-
ing sessions that included didactics, a 
live demonstration, and vendor- specific 
hands- on training for 3D acquisition; 
33% of sites attended the live training 
sessions. A survey was sent to sites to 
assess the value of the live investigator 
training sessions.

All study sonographers underwent 
quarterly group reads to review 
and improve reproducibility 
and harmonize reads across the 
group.

The ECL provided quarterly feedback 
to each site via a scorecard detailing 
the site’s echo quarterly measurability 
score benchmarked to other sites.

To minimize interobserver variability, 
only certified MD cardiologists/so-
nographers were acceptable to scan 
the baseline, postdeployment, and 
6- month protocol echocardiograms.

MD cardiologists/sonographers at each site 
were required to submit test 2D and 3D 
images for approval/certification by the 
ECL before studies were performed.

NBE- certified, level 3–trained ECL 
cardiologist echocardiographers 
with at least 5 y of experience 
overread sonographer data.

Follow- up retraining was offered to sites 
achieving	<85%	measurability	on	the	
site	quarterly	scorecard.	Retraining	
involved a 30- min web- based confer-
ence call between an ECL sonogra-
pher and the site to review adequate 
and inadequate echocardiographic 
studies and the protocol, including 
suggestions to improve image quality.

— Site certification occurred after two MD 
cardiologist echocardiographer/sonogra-
phers were certified.

Each ECL MD cardiologist reader 
underwent an initial determina-
tion	of	acceptable	IIR	before	
analyzing study images, and then 
biannually.

Echocardiography investigator meet-
ings were held at the ASE scientific 
sessions for two consecutive years 
to assess enrollment and answer site 
questions.

aExample of an echocardiography core laboratory process for improving endocardial definition among site laboratories participating in a clinical research trial in which left ventricular size 
and function were examined after an intervention.

ASE, American Society of Echocardiography; echo, echocardiogram; ECL,	echocardiography	core	laboratory;	IIR,	intra-		and	interreader	reproducibility;	LVEDV,	left	ventricular	end-	
diastolic volume; LVEF, left ventricular ejection fraction; MD, medical doctor; NBE, National Board of Echocardiography.

From	Crowley	AL,	Yow	E,	Rabineau	D,	et al.	The	impact	of	a	rigorous	quality	program	on	3D	echocardiography	data	quality	in	an	international	multisite	randomized	trial.	JACC Cardio-
vasc Imaging. 2018;11:1918–1920.
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For IAC accreditation, all reports must contain the demographic 
data elements noted in Table 7.8.

The IAC Echocardiography standards and 2019 ACC/AHA/
ASE key data elements and definitions for TTE reporting76 
include use of the standard 17- segment LV model and broad 
categories of left and right heart structure, left and right heart 
function, aorta, pulmonary artery, right heart hemodynamics, 
congenital heart disease, and heart valves. A report summary 
must include pertinent positive and negative findings, particu-
larly as they relate to the indication for examination.

Expected quantitative and anatomic descriptions of TTE and 
TEE examinations34 will be different because of the inherent 
strengths and limitations of each modality. Adult TEE reports 
must include medications used, ease of transducer insertion, 
complications (yes/no, describe), and procedure components 
(Doppler modalities and contrast administration, if any).

Stress echocardiography accreditation at this time pertains 
to protocols for assessing coronary artery disease.78 The IAC’s 
standards for stress echocardiography reporting components 
are shown in Table 7.9. Guidelines have been published regard-
ing the reporting elements for performance and interpretation 
of stress echocardiography protocols in the assessment of non- 
ischemic structural heart disease.79

Stress testing for non- ischemic heart disease has not been 
formally incorporated into IAC accreditation standards for 
stress echocardiography laboratories. Laboratories performing 
these tests are encouraged to develop internal QI programs in 
parallel with coronary artery disease stress testing. 

Report Timeliness
Echocardiography can improve patient outcomes only when the 
interpreting physician’s findings are communicated to care provid-
ers in a safe and timely manner. Once an echocardiogram has been 
performed, the sonographer’s worksheets, comments, or unedited 
data can be provided only to a qualified interpreting physician. For 
the purposes of this discussion, a preliminary report is one that has 
been generated by a qualified interpreting physician after review 
and analysis of the data, before the final report is produced in a 
standardized format in the laboratory’s reporting system. Only the 
interpreting physician may provide a preliminary report to care 
providers, with the understanding that this same information will 
soon be translated into a finalized report.

Routine	 inpatient examinations must be interpreted by 
a qualified physician within 24 hours after completion of the 
examination. Findings from a stat (or urgent) echocardiogram 
or “critical results” of any examination must be communicated 
immediately by the interpreting physician to the appropriate 
care provider. In the absence of any critical results detected 
by the sonographer, outpatient studies must be interpreted by 

the end of the next business day. Final reports should always 
be completed in the system within 48 hours, even if the infor-
mation in them has already been documented in a preliminary 
report in the medical record.7 

Examination Status and Turnaround Times
Echocardiography is a potentially life- saving procedure when 
it is performed with appropriate urgency. Laboratories must 
have provisions to perform urgent examinations in the next 
available time period; stat examinations must be performed as 
soon as possible, preempting other studies,7 with the under-
standing that a life- threatening condition may exist. Ordering 
personnel should ideally transmit urgent and stat examination 
requests by standard order entry, with an additional direct 
verbal communication to the appropriate laboratory person-
nel because detection of a computer- only order entry may 
be significantly delayed, depending on the sophistication of 
the facility’s work order list. The laboratory should provide 
appropriate hospital personnel with a daily coverage schedule 
and direct contact information for technical and medical staff 
members assigned to handle urgent and stat echocardiogra-
phy requests.

In a hospital environment, one of the most important quality 
indicators is TTE turnaround time, which is matched to study sta-
tus (i.e., routine, urgent, or stat). The total turnaround time is the 
time from study order to study report. However, this information 
is useful for QI purposes only when two components are evalu-
ated individually: (1) the time from order entry to examination 
performance (technical staff) and (2) the time from examination 
performance to examination interpretation (medical staff).

In general, a hospital laboratory should be able to perform and 
interpret most non- urgent examinations within 24 hours after the 
order is placed. If this cannot be achieved most of the time, pro-
ductivity barriers should be examined (Table 7.10). When most 
routine examinations cannot be performed within 24 hours, 
examination “status upgrades” may be made (i.e., from routine 
to urgent or from urgent to stat) that are unrelated to the patient’s 
actual clinical status. Significantly delayed routine echocardio-
grams can become urgent or even stat in the minds of ordering 
physicians when subsequent care, including length- of- stay deci-
sion making, is thought to depend on echocardiography results.

Echocardiograms ordered as stat without supportive evi-
dence of high patient acuity have been called “pseudo stat” 
examinations. Pseudo stat examinations can represent a patient 
safety issue if they crowd out the resources needed for actual 
stat examinations, particularly when multiple stat orders are 

Echocardiography Examination Demographic Data.a

	•	 	Study	date	(and	time)
	•	 	Facility	name	and/or	identifier
	•	 	Patient	name	and/or	identifier
	•	 	Patient	date	of	birth	and/or	age
	•	 	Indication	for	the	study
	•	 	Sonographer	name	or	initials
	•	 	Ordering	physician	name	and/or	identifier
	•	 	Height,	weight,	gender
	•	 	Blood	pressure	(systolic	and	diastolic	blood	pressure	must	be	obtained	at	or	

around the time of the study and displayed on the report)
aThe information must be sufficient to allow the identification and retrieval of previous 

studies on the same patient.
Adapted from the Intersocietal Accreditation Commission Standards and Guidelines 

(available at https://www.intersocietal.org/echo/seeking/echo_standards.htm),

TABLE 
7.8 IAC Stress Echocardiography for Coronary Artery Disease: 

Required Reporting Components.

	•	 	Exercise	time,	or	maximum	dose	of	pharmacologic	agent	(if	used)
	•	 	Target	heart	rate
	•	 	Maximum	heart	rate	achieved
	•	 	Whether	target	heart	rate	was	achieved	and/or	stress	was	adequate
	•	 	Resting	blood	pressure	and	blood	pressure	response	to	exercise	stress
	•	 	Reason	for	termination	of	the	examination
	•	 	Patient’s	cardiac	symptoms,	if	any,	during	the	examination
	•	 	Summary	of	stress	ECG	findings
	•	 	Image	description	must	include
	 •	 	Pre-	exercise	segmental	wall	motion	and	global	systolic	function
	 •	 	Post-	exercise	wall	motion	comparison	and	global	systolic	function
	•	 	Summary	results	statements:	any	pertinent	positive	findings	(e.g.,	ischemia,	

viability and coronary distribution, LV cavity size, EF response) and perti-
nent negative findings

ECG, Electrocardiogram; EF, ejection fraction.
Adapted from the Intersocietal Accreditation Commission Standards and Guidelines 

(available at https://www.intersocietal.org/echo/seeking/echo_standards.htm),

TABLE  
7.9

https://www.intersocietal.org/echo/seeking/echo_standards.htm
http://www.intersocietal.org/echo/seeking/echo_standards.htm
https://www.intersocietal.org/echo/seeking/echo_standards.htm
http://www.intersocietal.org/echo/seeking/echo_standards.htm
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received in rapid succession. The echocardiography laboratory’s 
medical staff and ordering physicians should consider adopt-
ing a written hospital policy for conditions and diagnoses that 
warrant true stat echocardiography examination status. The stat 
echocardiography status assignment would typically activate a 
direct stat communication pathway and not simply a computer-
ized order entry. A spike in the number of stat echocardiogra-
phy orders in a facility requires evaluation because it may be 
related to lengthy turnaround times for routine examinations. 

SUMMARY
A modern echocardiography laboratory may be either simple, 
consisting of one echocardiography machine and one sonog-
rapher and/or physician in an outpatient setting, or complex, 
operating	within	a	quaternary	 facility.	Regardless	of	 the	 labo-
ratory’s scope and size, laboratory accreditation can be used 
as a starting point for implementing an ongoing QI process. 
Fig. 7.8 provides a detailed adult echocardiography laboratory 
accreditation checklist. Creating detailed, laboratory- specific 
documents for daily laboratory management can be very useful; 
these documents may include an organizational chart, facility 
description, key personnel and equipment lists, work schedules, 
policies, protocols, and a list of potential obstacles to productiv-
ity that need to be addressed. Artificial intelligence holds the 
potential for transformational advancements in QI manage-
ment, but this can be accomplished only in the context of a well- 
structured laboratory. Hallmarks of laboratory success include 
developing and regularly engaging in the QI of laboratory 
structure and processes that is centered on compassionate and 
excellent patient care. Careful archiving of a laboratory’s struc-
ture and process documentation can help to ensure appropriate 
handoffs and stability despite the inevitable expected or unex-
pected leadership changes that can occur gradually or abruptly.

Echocardiography Laboratory Productivity Barriers.a

Facility- Related
In- laboratory delays
	•	 	Patient	transportation	lacking
	•	 	Patient	“no	shows,”	late	arrivals,	regis-

tration delays
	•	 	Portable	examination	delays	(see	Fig. 7.2)
	•	 	Sonographer	transit	time	(elevators	and	

hallways)
	•	 	Poor	connectivity—examination	results	

cannot be transmitted back to labora-
tory (transit time)

	•	 	Worklist	inadequacies	(undetected	
orders or analysis)

Equipment- related downtime (inadequate 
inventory—more sonographers than 
machines)

	•	 	Equipment	failures
	•	 	Needed	equipment	in	use	(competing	

procedures)

Technical Staff–Related (Time From Ex-
amination Order To Performance)

Experienced staff
	•	 	Proficient	but	understaffed	for	workload
	•	 	Teaching	responsibilities	(trainees,	tem-

porary staff, inexperienced staff [second 
pair of hands])

Inexperienced staff
	•	 	Longer	scanning	times
	•	 	Sendbacks—incomplete	examinations	

(e.g., needed contrast, IV saline, special 
protocols [e.g., pericardial effusion])

	•	 	Poor	images—requires	second	pair	of	
hands by experienced staff

	•	 	Comprehensive	examinations	
performed (to be safe) when tailored 
limited examinations are appropriate

Patient- Related (Time From Exam-
ination Order To Performance)

Complex patient population—
expected added times for the 
following:

	•	 	Contrast	administration	(IV	
saline or UEAs)

	•	 	Other	extended	protocols	
(complex valve, LVAD, proce-
dural guidance [e.g., pericar-
diocentesis, endomyocardial 
biopsy]) 
Competing procedures (pa-
tients unavailable—in other 
departments)

Medical Staff–Related (Time 
From Examination Perfor-
mance To Interpretation)

Experienced staff
	•	 	Proficient	but	understaffed	for	

given workload
	•	 	Proficient	but	unavailable
	 •	 	Poorly	scheduled
	 •	 	Competing	clinical,	teach-

ing, or administrative 
work

Inexperienced staff—longer read 
times

Analysis and/or reporting systems 
slow (interpretation bottleneck)

aNote: When determining appropriate staffing levels, decision- makers must consider 
sonographer productivity benchmarks in the context of facility design and type (see Fig. 
7.2) and sonographer experience. Does the laboratory have major teaching responsi-
bilities and serve a large, possibly outdated, distant referral center (poor connectivity) 
with complex patients? Or is the facility very new, with superior data connectivity and 
centralized services, and serving a more general or focused patient population?

LVAD, Left ventricular assist device.

TABLE 
7.10

Quality Goals and Action Items for Echocardiography Laboratories.

Dimension of Care Quality Goals Recommended Approach
Laboratory structure 	•	 	Ensure	standards	for	

equipment and staff 
proficiency

	•	 	Mandate	laboratory	accreditation	(IAC).
	•	 	Support	physician	training	and	certification.
	•	 	Support	sonographer	credentialing.
	•	 	Retain	machines	capable	of	performing	complete	echocardiograms.

Patient selection 	•	 	Minimize	inappropriate	
echocardiograms

	•	 	Apply	and	track	AUC	for	all	echocardiographic	modalities.
	•	 	Educate	staff	and	referring	physicians	about	AUC.
	•	 	Implement	processes	to	reduce	inappropriate	echocardiograms	(phy-

sician education, decision support tools).

Image acquisition 	•	 	Diagnostic-	quality	 
images

	•	 	Patient	safety
	•	 	Staff	safety

	•	 	Develop	and	adhere	to	imaging	protocols	and	sequences.
	•	 	Use	contrast	appropriately	to	minimize	nondiagnostic	studies.
	•	 	Adhere	to	SE	safety	protocols	for	exercise	and	pharmacologic	stress.
	•	 	Adhere	to	hospital	infection	control	and	radiation	safety	policies	

(interventional TEE).

Image interpretation 	•	 	Reproducibility
	•	 	Accuracy

	•	 	Develop	and	test	methods	for	determining	interreader	and	 
intrareader variability.

	•	 	Allocate	sufficient	time	for	physician	interpretation.
	•	 	Include	all	structures	and	measurements	required	for	complete	inter-

pretation.
	•	 	Include	a	summary	and/or	synthesis	of	findings	to	highlight	key	

abnormalities.
	•	 	Compare	findings	with	those	from	the	most	recent	prior	study.

SUMMARY

Continued
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Dimension of Care Quality Goals Recommended Approach

Results	communica-
tion

	•	 	Clarity
	•	 	Completeness
	•	 	Timeliness

	•	 	Develop	and	track	timeliness	criteria.
	•	 	Adhere	to	standards	for	completeness	of	reports.
	•	 	Use	key	structured	reporting	data	elements.
	•	 	Include	all	demographic	information	on	reports.
	•	 	Document	physician-	to-	physician	communication	of	critical	values.

Improved patient care 
and outcomes

	•	 	Satisfaction
	•	 	Effect	on	clinical	man-

agement
	•	 	Morbidity
	•	 	Mortality
	•	 	Acceptable	wait	times	

for routine echocardio-
grams

	•	 	Standardize	methods	for	determining	cross-	modality	correlation.
	•	 	Develop	methods	for	measuring	patient	outcomes	and	effects	on	

medical decision- making.
	•	 	Assess	patient	satisfaction	with	surveys	and	respond	to	suggestions	

for improving the patient experience.
	•	 	Develop	a	mechanism	to	track	wait	times	for	inpatient	and	outpa-

tient studies.

AUC, Appropriate use criteria; IAC, Intersocietal Accreditation Commission; SE, stress echocardiography.

Quality Goals and Action Items for Echocardiography Laboratories.—cont’dSUMMARY
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