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sential concepts: First, making systems and technology 
“user-friendly” in order for people to use them to enhance 
performance. Second, people must work and train toge-
ther as a team and not act independently. This requires a 
culture change best defined by the term interdependent 
thinking. Third, in complex systems, the team of people 
assigned to use the system must practice and test the sy-
stem before using them on patients. 

Traditionally, healthcare learning, training, and testing 
takes place in unrealistic classroom settings, emphasizing 
knowledge based learning, ignoring the environment whe-
re the actual technology is implemented. These methods 
use target teaching of the individual away from the system 
in which he or she will be functioning. Another disadvan-
tage of the current healthcare system is that new techno-
logy is never fully tested until a patient is involved. Ima-
gine being a passenger if the airline industry functioned 
the same way! In fact, we in medicine have much to gain 
from aviation’s past hard learned lessons (1). Almost ever-
yone agrees with the concept of “doing better”, ie quality 
improvement. There is much written, including workshop 

Background

Dialysis access placement and maintenance require a 
complex coordination of people, systems, and technology. 
When functioning correctly, the system optimizes outco-
mes, including improved safety with fewer complications, 
decreased costs, and more timely and accurate diagnosis 
and treatment decisions. If systems are optimized, both 
patient and healthcare workers experience enhanced sa-
tisfaction.

High risk industries, most recognized being the airli-
ne industry, have been successful in realizing the safety 
benefits derived from specific training aimed to improve 
interactions between humans and systems. Concepts must 
be taught and understood and continuously updated and 
refined if optimal outcomes are to be expected. Imple-
mentation of human-system interactions involves change 
in the institutional culture. Changing institutional culture 
in the care of end-stage renal disease (ESRD) and dialysis 
access placement will induce significant outcome impro-
vement. Effective complex systems emphasize three es-
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plex. Protocols, although developed with the best intent, 
are never tested in a realistic environment and are, there-
fore, impossible to confirm as effective. The development 
of dialysis access protocols serve to define what the in-
dividual is supposed to do without regard to practicality 
and always without considering the interactions of the he-
althcare system and the patient. An example is an office 
generated memo by a middle level manager, who, in a 
multi-recipient addressed email, mandates that all cen-
tral vein dialysis catheters must be removed after 90 days 
of placement. Usually these memos have an attached car-
rot and a stick in terms of recognition, i.e. in the monthly 
ESRD bulletin or a citation report to the regional ESRD 
network for protocol violation. Enacting these types for 
protocols (mandates) makes the “blame the individual” 
response to poor healthcare outcomes unavoidable (5). 
Then, the current system of healthcare training and testing 
perpetuates the concept that outcomes rely upon the in-
dividual, as opposed to the system. Fear of failure and of 
reprisal for adverse outcomes is supported by this design; 
and therefore, the individual is dissuaded from identifying 
areas of healthcare system weakness and suggesting im-
provements. In the current system, suggestions for impro-
vement (usually in the form of “incident reports”) result in 
finding someone to blame, the unavoidable consequence 
of the existing, individual-focused system. To improve the 
outcomes of the healthcare system significantly, funda-
mental change in the education, training, and testing pro-
cess must occur (5, 6).

The most important change needed is to move from 
focusing solely on the individual to emphasizing the in-
dividual’s interaction with the entire ESRD and dialysis 
access system. This does not decrease or eliminate the 
individual’s responsibility. In fact, it expects each stake-
holder also to consider and take into account other team-
members’ experience and expertise. The overall public 
good must prevail over the individual goals. However, 
this is a subject so complex that it took a Nobel Prize in 
Economic Sciences 2007, only to solve from a theoretical 
aspect (7, 8).

The anaTomy of qualiTy improvemenT in healThcare

For the past century the science of quality improve-
ment has focused on the role of system or process fun-
ction instead of only concentrating on individual training 
or competence. The early leaders in this movement reali-
zed that much improvement in quality and safety can be 
accomplished by customizing the processes or systems in 
which we work. This improvement can take the form of 
more efficient and predictable processes and more effec-
tive teams and communication as a method of ensuring 
quality and safety.

Medicine has typically focused on the craft or art of 
medicine and, some believe, largely ignored the impor-

syllabi for courses on a variety of related improvement 
strategies, usually by institutional mandates (2). There are 
courses for improving leaders’ personal communication 
skills (3). Many universities now teach credit courses in 
“Conflict Resolution Techniques”. 

Recent research suggests that current methods of qua-
lity improvement efforts may not be effective in the evol-
ving and increasingly technological medical specialties 
(2). Dialysis access in ESRD patients represents one exam-
ple of this inadequate quality approach. The reason some 
individuals, certain institutions and societies and their 
projects are more successful than others was not well un-
derstood, until 2007, when the Nobel Prize in Economic 
Sciences was awarded to Hurwicz, Maskin, and Myer-
son. They shed light on success in businesses, stating that 
“The (our) best intentions for public good will go astray 
if the Institutional Arrangements are not consistent with 
the personal self-interests of the decision makers”. These 
complex interpersonal relationships are more likely to be 
subliminally present in large organizations, such as sta-
te and government institutions (4). The fact that various 
members of the dialysis access delivery team are trained 
in isolation from each other exacerbates the detachment 
between the ESRD delivery system and the individual pro-
fessional efforts. The team certainly never trains together 
with respect to deviations from expected defined outco-
mes. Therefore, faced with an actual dialysis access emer-
gency, ie bleeding or other unexpected adverse outcome, 
the dialysis access team response is unpredictable and an 
optimal outcome is unlikely. 

There are three important undesirable results of indivi-
dual-focused dialysis access education. First, it is impossi-
ble to anticipate or understand the impact of technology, 
protocols, or administrative decisions on the healthcare 
delivery system. ESRD and healthcare governing bodies 
interactions, decisions, mandates and implementations 
are complex and cannot be accurately predicted when 
evaluated in isolation or in unrealistic settings (if they are 
evaluated at all before being implemented). Second, by tar-
geting the individual, the system tends to blame a specific 
person for any adverse outcome, as opposed to improving 
safety in the system (5, 6). The loss of alignment betwe-
en the individual, technology and the healthcare delivery 
system as a whole have not been adequately considered, 
reflected in the unrelenting growth of medical malpractice 
of the individual, usually the doctor. The current culture 
assumes that underlying medical malpractice “someone 
did something wrong and has to be responsible”. Third, 
without being able to simulate the healthcare delivery sy-
stem in a realistic setting, trying to identify weaknesses 
and implement improvements is hazardous, ineffective, 
and in most cases impossible. 

The result is that governing bodies, both internal and 
external, try to improve outcomes by imposing regulations 
through protocols that have become increasingly com-
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centrated short classroom learning with PowerPoint and 
video clips, testing and hands on learning under direct 
supervision in a simulation environment. 3. Social Intelli-
gence (SI) training, in aviation referred to Crew Resource 
Management (CRM) of Human Factor (HF). These inte-
grated training sessions will motivate the participants to 
align in a team effort, setting self aside and working for the 
public (patient) good, adopting an interdependent min-
dset. Patient and family actors are used when appropriate. 
Every simulation area is computer controlled with voice, 
video and data recording. Post-simulation debriefing in-
cludes review of the simulation (edited or actual time). 
Simulation examples and best practices can be delivered 
worldwide in person or by the Internet. Team training at 
the local level can take place using skills, techniques, and 
experiences taught at the center, reinforced and supported 
by the simulation center staff. The dialysis access simula-
tion course supports the “train the trainer” concept, me-
aning that dialysis access expertise can be developed in 
the simulation center and then packaged into educational 
modules that can be delivered anywhere in the world. 

lessons from The flighT deck

Crew Resource Management (CRM) and Human Fac-
tor (HF) are acronyms used by airlines designed for safety 
training and educational systems for high risk industries. 
The basic concept and mission of these training programs 
are to reduce mistakes or errors resulting in safer and more 
efficient workplaces from fewer incidents and accidents. 
Simulation and simulators are vital components in avia-
tion training. The program teaches that self-reporting of 
errors and mistakes or “near misses” be used to improve 
and correct system problems. Effective self-reporting re-
quires a non-punitive cultural environment (5, 6). 

One major airline has fully integrated the “Just Cul-
ture” process across their entire voluntary reporting sy-
stem. Errors and procedural deviations are fed into the HF 
training on a recurring basis. They also have the ability 
to code scenarios from actual events into the flight simu-
lators so that other crew members can be exposed and 
trained to prevent or mitigate future occurrences of critical 
errors. These proactive steps have resulted in a safer and 
more resilient operation. These best practices are also sha-
red with other airlines around the world.

Stress, poor communication, the failure to identify 
and correct errors, and a culture of blame, often lead to 
undesired outcomes in the healthcare industry. Aviation 
addressed these same issues several decades ago, reali-
zing that HF account for 70% of all aviation incidents and 
accidents. This led to the development of CRM or HF that 
trains multiple disciplines to work together in a coordina-
ted and safety-conscious environment. CRM helped make 
commercial aviation the safest form of passenger tran-
sportation available today. With increasing awareness of 

tance of the process and team-dependent environment 
in which healthcare professionals practice. This heavy re-
liance has fostered the “captain of the ship” and “blame” 
cultures that exist in our profession.

Changing this culture has been particularly difficult in 
academic health centers where the tripartite missions of 
patient care, research and education foster the develop-
ment of a culture dependent on the competence of highly 
trained practitioners, and minimizes the importance of the 
practice environment and teamwork needed for the hi-
ghest quality and safe patient care. Many institutions have 
tried to change this culture by introducing methods of im-
provement and team building learned in other industries 
where errors can be catastrophic and costly in terms of 
human life and suffering. These methods are now being 
taught in the formal training of healthcare professions at 
various academic health centers around the country, such 
as the University of Texas System, and appear to be ha-
ving a positive impact in changing the culture of those 
institutions, as evidenced by improving outcomes and a 
decrease in sentinel events.

dialysis access simulaTion Training

Simulation training is complex and requires for logi-
stical (economic) reasons, a simulated dialysis access trai-
ning environment to be an integral part of larger healthca-
re training facilities, commonly in a university or medical 
school teaching environment. Simulation centers allow 
for the teaching, training, testing and certification of every 
member of the dialysis access team in existing procedures 
of care, and for the development of new care paradigms, 
procedures, technology and devices before being applied 
to patients. The dialysis access simulation training course 
is designed so that participants will “dispel disbelief” by 
educating in realistic, reproducible situations, that direct-
ly translate to the actual dialysis access environment, such 
as the complete operating room or interventional suite, 
with all team members present in their real roles. The si-
mulation center allows users to refine their skills, to iden-
tify potential problems, and to observe the outcomes pro-
duced in a realistic setting, including an emergency room, 
outpatient office, the operating room, and interventional 
radiology suites. The Dialysis access training staff includes 
representatives of all areas of the dialysis access team and 
experts in curriculum development. The dialysis access 
training curriculum includes customized (multi-level) cur-
ricula targeting distinct personnel categories as well as the 
entire team together.

The three basic components in dialysis access training 
are: 1. knowledge, as “on line” reading material availa-
ble, including ESRD background information, patient se-
lection algorithms and indication for the mode, type and 
anatomic site, and describing dialysis access procedures 
by written text and images. 2. Skills Training includes con-
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the similarities, these same concepts are now also being 
applied to other high-risk industries such as shipping, rail-
road, first-response, petrochemical and nuclear power 
industries. The healthcare sector lags severely behind in 
utilizing the often simple principles taught in CRM or HF 
courses. Simulation programs introduce CRM to medical 
facilities and hospitals to assist in the identification and 
management of errors. Highly interactive, multidisciplina-
ry training in CRM and HF are co-facilitated by aviation 
and medical CRM experts and include reviews of aviation 
and healthcare incidents, accidents and sentinel events.

Participants will gain new understanding and acquire 
skills to improve communications. The training recogni-
ze signs of multiple, often hidden traps, usually referred 
to as the Error Chain, that when combined will cause an 
accident. CRM training emphasizes skills on how to com-

TaBLE I -  DREYFUS SIX LEVELS OF MENTAL ACTIVITIES INVOLVED 
WITH DIRECTED SKILLS ACQUISITION/TRAINING

NOVICE (plays by the rules, low Situation Awareness (SA), no judg-1. 
ment)
ADVANCED BEGINNER (follows guidelines, some SA, “all things 2. 
are equally important”)
COMPETENT (some long-term vision, planning, feel accountable, 3. 
standard routine procedures)
PROFICIENT (holistic views, priorities, decisions made easy, some 4. 
intuition, perceives deviations from normal)
EXPERT (does not depend on rules, intuitive grasp of situation, 5. 
analytic vision of what is possible; “I don’t follow rules, I make 
them”)
MASTER (the source of knowledge, looks for better and new ways, 6. 
own unique style, likes surprises)

Adapted from: USAF: http://stinet.dtic.mil/cgi-bin/GetTRDoc?AD=ADA0
84551&Location=U2&doc=GetTRDoc.pdf

municate “uphill” in hierarchy structured workplaces and 
to recognize the value of briefings and debriefings (Fig. 1). 
Additionally, participants are trained to develop and use 
designed checklists (Fig. 2) for dialysis access procedures 
in the operating room and the interventional suite, as well 
as for needle cannulation of the access, and in the dialysis 
clinic for training personnel and patients. 

Evaluations indicate CRM training programs influence 
personal behaviors that are known to reduce medical er-
rors and improve the work environment (Tab. I). Perceived 

A

B

Fig. 1 - Pre operative “Timeout” should be replaced with a “Briefing” sta-
tement by the surgeon or the perhaps better by the circulator nurse (1 A). 
As each airplane type has a different checklist that pilots go through for 
each flight, each access procedure will have specifics pertaining to site, 
instruments needed, expected problems (1B).
Similar to cockpit checklists, the authors have detailed checklists for dialy-
sis access procedures, so extensive requiring a separate publication. 
Some checklists (such as patient demographics, allergies, antibiotics etc) 
are most effectively displayed in the operating room as wall checklists for 
everyone to see. An example of a wall checklist in depicted in Figure 2.

Fig. 2 - This image is a generic example of an operating room checklist, 
where each critical item has to be switched from red to green before the 
procedure can begin.
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cedures, and the first such simulator should be released 
before the end of 2010. This simulator will allow the 
operator to “treat” an arteriovenous dialysis graft steno-
sis. During the simulated procedure, the operator must 
access the graft, place a guidewire across the venous ste-
nosis, select an appropriately sized angioplasty balloon, 
perform angioplasty, and finally deploy a suitably sized 
FDA-approved stent graft at the treatment site. Throu-
ghout the simulation exercise the operator will be super-
vised by a proctor, while making various decisions and 
technical maneuvers that will either lead to successful 
completion of the case or failure (with the opportunity to 
repeat the critical steps where errors were made). At the 
completion of the case, the operator will receive “metri-
cs” that summarize performance during critical points 
throughout the case. The goal is not only to critique the 
technical skills of the operator, but also to train the ope-
rator to select and use a permanent implantable stent 
graft safely and effectively.

For example, carotid stenting (similar to HD access 
interventional procedures) is unique in having FDA requi-
rements using simulation in the certification process to 
perform these procedures. ESRD patients’ care and safety 
can also be impacted by these techniques and algorithms. 
New procedures can be performed on several of today’s 
high fidelity systems and developed in that setting prior to 
progressing to direct patient care.

2. Simulation training to improve communication with  
patients

The importance of clear and effective communication 
in the doctor-patient and nurse-patient relationship is gre-
atly underestimated. Basic professional communication 
skills are not learned despite 10 or more years of clinical 
work (9).

Compared to the airline industry, where communi-
cation within the team is the main focus of CRM, in the 
healthcare industry, at least two different settings are of 
crucial importance: among the healthcare personnel (in 
our case within the vascular access team) and in the nurse 
or doctor to patient interactions.

Participation in communication skills training courses 
focused on basic communication skills, as well as the 
handling of difficult situations in the doctor-patient inte-
raction, has long-term benefits on both the clinical and 
personal levels (10).

In this perspective, an initiative began at Children’s 
Hospital Boston in 2002, i.e. a series of 1-day educational 
workshops called the Program to Enhance Relational and 
Communication Skills (PERCS) (11). The aim of this pro-
gram is to promote relational learning for healthcare pro-
fessionals that integrates patient and family perspectives, 
professionalism and the everyday ethics of clinical prac-
tice. The starting point was preparing clinicians for chal-

institutional cultural change lagged personal empower-
ment. Other ongoing patient safety initiatives may contri-
bute to such findings. 

Teamwork has greatly benefitted from simulation trai-
ning (Tab. II). Technical and leadership skills can be taught 
and developed in less stressful situations, leading to better 
clinical performance and outcomes. For example, cardiac 
arrests are best taught in this setting rather than in the hea-
ted rush of a true code. The ability to stop and evaluate the 
situation, leads to better performance during the actual 
situations later.

areas of currenT and fuTure dialysis access simulaTion 
developmenT

1. Computerized percutaneous intervention simulator 

Training in percutaneous catheter-based procedures has 
become fragmented and variable in quality, largely due to 
the heterogeneity of proceduralists who carry out these pro-
cedures. For example, a given procedure (such as venous 
angioplasty) may be performed by a surgeon, interventional 
nephrologist, or an interventional radiologist or even a cardio-
logist. Given that each specialist has a different background, 
has probably trained differently, and garnered a different set 
of core competencies and skills, there may be wide variations 
in judgment and technique. Simulation of venous angioplasty, 
however, can provide a level of standardization in training, as 
well as metrics to assess judgment and technique. Ultimate-
ly, the experience on a simulator, coupled with end-of-case 
metrics can promote consistency and shift the physician to 
a higher level of competency. A number of simulators have 
been developed for arterial intervention, such as aortic endo-
graft simulators. These simulators recreate the feel (haptics), vi-
sual fluoroscopic imaging, cardiovascular monitoring, and the 
procedural environment that a physician experiences during 
endovascular procedures. With appropriate proctoring and fe-
edback during a series of endograft deployments, endovascu-
lar physicians can acquire skills leading towards the safe and 
effective clinical use of aortic endografts in patients. Currently, 
most certification pathways for use in proprietary aortic endo-
grafts require simulator training.  

Arteriovenous hemodialysis (HD) access simulators 
are now being developed to recreate catheter-based pro-

TaBLE II -  THE BENEFITS OF CRM TRAINING APPLICABLE TO THE 
DIALYSIS ACCESS TEAM 

•  Improving communication and leadership skills among all team mem-
bers.

•  Integrating checklists and error traps into everyday practice, reducing 
the risk of error.

•  Promoting a culture supporting professional development.
•  Improving employee performance and staff retention.
•  Assisting to make working facilities safer and more efficient.
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tions, where the non-dominant hand directs the probe and 
the dominant hand performs the invasive procedure. Third, 
the trainee must attain confidence in handling the insertion 
device and tools, their parts and how to assemble it.

We have developed a strict, standardized ultrasound-
guided inexpensive home-made simulator for cannulation 
of large veins as well as of dialysis access grafts and fistulas. 
The simulator consists of a turkey leg with an appropria-
tely placed rubber tube, simulating the vein or the dialy-
sis access. Each of seven teaching steps presents tasks of 
increasing difficulty. Ultrasound scanning and cannulation 
techniques are strictly standardized. This learning protocol 
allows for multiple attempts, ie learning by mistakes in a 
low stress environment. Currently, the ultrasound training 
entails three stations: 1. Live real time large (neck) and 
small (peripheral) vein demonstration of vascular anatomy 
for cannulation. 2. Large vein needle cannulation using the 
seven-step teaching. 3. Dialysis access ultrasound directed 
cannulation training with a large 6-7 mm tube tunneled 3-5 
mm below the turkey skin surface in a pressurized system 
filled with a red blood simulation fluid.

The three distinct integrated levels of learning ultra-
sound-guided vascular access include: 
a)  understand ultrasound anatomy and correct image ac-

quisition and interpretation (ultrasound semeiotics, arti-
facts etc);

b)  attain operator confidence with image-mediated rather 
than eye-guided hand motion and coordination between 
hands working in different directions, with the non-domi-
nant hand holding the probe obtaining the best ultrasound 
scan of the vessel, and the dominant operator hand hol-
ding the performing vessel puncture; 

c)  gain knowledge and confidence with the implanted devi-
ce (how and when to insert and handle it, as well as how 
to assemble the single parts); the most effective learning 
process is based on the identification of the different pha-
ses such as better performance of trainees, standardiza-
tion of teaching techniques, better qualification of tutors, 
reproducibility and exportability of the training model.

The authors propose a strict standardized skills ses-
sion for teaching ultrasound-guided venous cannulation, 
divided in two phases as follows: a first phase of ultra-
sound examination training using healthy volunteers, and 
a second phase of a hands-on simulation utilizing an inex-
pensive home-made biological simulator.

During the ultrasound examination phase on healthy 
volunteers, the trainee will gain skills in:

 Familiarity with the ultrasound device settings and; • 
 Proficiency in correct image acquisition; • 
 Identification and interpretation of ultrasound artefacts; • 
 Recognition of the venous and the arterial blood ves-• 
sels and relevant anatomic structures such as PTFE (po-
lytetrafluoroethylene) grafts, muscles, nerves, thyroid 
and pleural line; 
 Knowledge of anatomic variation; • 

lenging end-of-life conversations in pediatric and neona-
tal ICUs; the program then expanded to include a broad 
range of difficult conversations, such as helping parents 
during invasive procedures and resuscitation, and inter-
vening with families in the aftermath of a medical error 
(12). The program features 4-hr workshops geared around 
the enactment of a case scenario by trained actors and 
participants. Each workshop enrolls 10-13 interdisciplina-
ry participants. After each enactment, participants receive 
feedback by actors, other participants and facilitators on 
the challenging junctures of the conversation. Pedagogical 
principles include: creating safety for learning; empha-
sizing moral and relational dimensions of care; suspen-
ding hierarchy among participants; valuing self-reflection; 
honoring multiple perspectives; and offering continuity 
of the educational offering. PERCS seminars have been 
prospectively evaluated, with positive results (13). Simi-
lar training programs, based on small group role play ses-
sions for improving communication skills, have reported 
successful outcomes (14). The advantage of simulating a 
conversation regarding a medical error, compared to lear-
ning how to do it in an actual crisis situation, is intuitive. 
Cultivating relational competence in healthcare should be 
an important goal in medical training, both before (15) 
and after graduation from medical school.

3. Problem based learning

Problem based learning is a form of simulation with 
discussion of cases in the mock situation of clinical pro-
blems and is highly effective. Simply reading about a cli-
nical problem, the pathophysiology, and its various treat-
ments is much more stimulating if based on a particular 
patient, even if the patient is factitious (16). Interaction wi-
thout the threat of clinical misadventure is one of the gre-
atest allures of simulation. Procedure based simulation is 
widely available in many medical communities. Training 
of individuals on simulators rather than on live patients is 
intuitive. It has been shown that this training has an im-
pact on learning (1). Beyond education itself, simulation 
can also be used to judge the adequacy of training and is 
used for that purpose in some parts of the world. 

4. Defined simulation based training protocols for learn-
ing ultrasound guided cannulation 

Ultrasound use for central vein vascular cannulation in 
dialysis access is of paramount importance (17). Standar-
dized training and experience is often lacking. Ultrasound 
guided procedures teaching emphasizes integration of 
three new attitudes: first, understanding the echo-graphic 
anatomy and image interpretation, including artefacts. 
Second, the trainee must develop confidence in image-
mediated rather than eye-guided hand-probe motions and 
coordination between the hands moving in different direc-
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tor consisting of a turkey thigh, with a rubber tube in-
side, filled with colored fluid, simulating blood under 
pressure (Fig. 3 A-D). The seven steps, divided in three 
phases, are summarized below.

PHaSE 1 – uLTraSound IMagIng IncLudE 3 
STEPS
Step 1. Probe orientation and correct acquisition of the 
transverse scan of the simulated vessel.
Step 2. Hand stabilization, static and dynamic evaluation 
of the vessel:

Step 2a: the ulnar side of the hand rests on the phan-• 
tom surface to avoid probe slipping;
Step 2b: evaluate the diameter and depth of the vein; • 
Step 2c: test vein compressibility and probe sliding to • 
evaluate any change in venous depth and course.

Step 3. Shift to long axis scan of the vein, the ”short 
axis” vein image is centered in the screen, 90° clock-
wise probe rotation until a longitudinal view of the vein 
is reached.
PHaSE 2  – uLTraSound guIdEd nEEdLE ManIP-
uLaTIon IncLudES 3 addITIonaL STEPS
Step 4. Static visualization of the needle and its tip in the 
“short axis” and “long axis” view. Scan the phantom’s soft 
tissue to identify the needle (no needle manipulations in 
this step).
Step 5. Dynamic visualization of the needle and its tip 
without venous target. The trainee manipulates the nee-
dle (introduction and extraction) within the phantom soft 
tissue under close ultrasound guidance (pay no attention to 
venous target in this step). 
Step 6. Techniques of ultrasound guided venipuncture. 
First, by obtaining a transverse scan of the vessel, compe-
tency in achieving the “in plane” and the “out of plane” 
puncture techniques is established:

Step 6a: The “out of plane” technique is achieved by • 
centering the target vessel in the middle of the screen 
in its short axis so that the midpoint of the transducer 
becomes a reference point for the puncture site. The 
needle is directed perpendicular to the probe plane. 
Tissue motion during ultrasound-guided puncture 
helps to direct the advancing needle prior to visual-
ization of the needle itself. Performing this technique, 
the needle will be detectable only when it enters the 
vein as a hyper-echoic track; 
Step 6b: the “in plane” technique is performed by ad-• 
vancing the needle in a plane aligned with the long 
axis of the transducer, which should center over the 
vessel in its short axis. Using this technique the needle 
tip and shaft will be completely visualized along its 
course so that the operator will have total control of 
its trajectory;  
Step 6c: the trainees will now be able to perform the • 
“in plane” technique by using a longitudinal ultra-
sound imaging of the vessel.

 Ability to perform CUS (compressive ultrasound) to de-• 
tect thrombosed veins. 

In addition each trainee, by using B-mode ultrasound, 
will attain the following skill-sets:

Create a • transverse scan of the internal jugular vein and 
common carotid artery, and then, by letting down the 
tail of the probe, obtain a visualization of:
 The confluence of the subclavian and internal jugular • 
veins;
The brachio-cephalic vein. • 
A • longitudinal scan of the subclavian vein, using the 
supra-clavicular approach. 
Transverse and longitudinal scans•	  of the infraclavicular 
vessels (axillary vein and artery). During the visualiza-
tion of the brachio-cephalic vein and the subclavian vein 
by supraclavicular approach, the trainee will learn to: 
Identify the pleural line appearing as a hyper-echoic • 
line characterized by the sliding sign.
Perform transverse scans of the brachial vessels above the • 
antecubital fold at the elbow. Each trainee must be able to 
visualize (1) brachial artery and veins, (2) the basilic vein, 
by moving the probe medially, and then, moving the probe 
laterally to the brachial artery, finally (3) the cephalic vein.

The practical session is based on a step-by-step appro-
ach to the skills that the trainee must progressively achie-
ve. These “Seven Steps on a Healthy Volunteer” include:
1. Transverse scan of the internal jugular vein (IJV) and 
common carotid artery along their course.
2. Transversal scan of the IJV just above the clavicle and 
tilting the probe:

Step 2a: obtaining a visualization of the confluence • 
between subclavian and internal jugular veins, sub-
clavian artery and the identification of the pleural 
line;
Step 2b: correct longitudinal scan of the brachio-• 
cephalic vein.

3. Move the probe laterally to obtain a longitudinal scan 
of the subclavian vein and the identification of the pleu-
ral line.
4. Correct ultrasound imaging of the axillary vein and artery:

Step 4a: transverse scan of the axillary vessels;• 
Step 4b: longitudinal scan of the axillary vein by 90° • 
clockwise probe rotation.

5. Transverse scans of the brachial artery and veins.
6. Transverse scan of the basilic vein, by moving the probe 
medially.
7. Transverse scan of the cephalic vein by moving the 
probe laterally to the brachial artery.

The hands-on simulation with the biological vascu-
lar access model consists of performing several ultra-
sound-guided punctures of a vein or a dialysis access.

This phase of the practical session is also structured 
on a step-by-step approach towards the skills that the 
trainee will progressively achieve: these “Seven Tur-
key Steps” use an easy-to-make, inexpensive simula-
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Certain presumed root causes such as communication errors 
and medical decision paradigms are most appropriate for si-
mulation. One case of delayed recognition of a post-operative 
complication resulting in death was chosen as a pilot case. 
The presumed root cause in the closed case claim simulated 
in this study was lack of communication of a critical laborato-
ry value. Essential data was abstracted and a paper and elec-
tronic medical record developed, appropriate participants 
were chosen, the simulation scripted, and an environment 
was chosen to model the actual events. The scenario was 
tested four times. Two of the four simulations we performed 
duplicated the adverse event; in the other two participants 
responded to the scenario in a way that would have avoided 
the adverse event. Review of the simulation revealed the root 
cause was not the lack of communication and the discovery 
of the abnormal laboratory value as initially postulated, but it 
was determined to be individual judgment of the meaning of, 
and response to, the abnormal value. The authors suggest that 

PHaSE 3 – caTHETEr InTroducTIon IS THE FInaL 
and 7TH STEP
Step 7. Complete simulation of field preparation, cathe-
ter introduction, securing and medication and ultrasound 
visualization of catheter within the lumen.

5. Root cause analysis of adverse surgical outcomes 

Simulation is commonly used for root cause analysis 
in high performance industries, but has not been widely 
applied in analyzing adverse medical outcomes. Determi-
ning root causes of adverse medical outcomes could sub-
stantially improve safety. The authors have developed a 
simulation method for root cause analysis of adverse sur-
gical outcomes (18). Plaintiff and defense expert opinions 
of medical and legal records from 631 closed surgical 
claims were analyzed. Not all closed case claims contai-
ned enough data to model in a simulation environment. 

A

C

B

D

Fig. 3 a-d - The dialysis cannulation simulator consists of a turkey leg with a rubber tube 5 mm under the skin surface producing a realistic image of 
a PTFE graft (3A). Figure 3B depicts the “out of plane” ultrasound technique with images, Figure 3C and 3D outlines the “in plane” technique with 
visualization of the entire cannulation needle.
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credentialing issues. Procedural based simulation is 
widely available in many medical communities. Training 
of individuals on simulators rather than on live patients is 
intuitive. It has been shown that this training has an im-
pact on learning (19-24). Beyond education itself, simula-
tion can also be used to judge adequacy of training and is 
used for that purpose in some parts of the world.  

In general, providers currently prove their ability and com-
petency through indirect routes (oral examinations) or through 
supervision of skills (proctored activities, for example, num-
ber of cases for approval for specific procedures). As models 
become more realistic, simulation of actual clinic situations 
can and should be used to ensure a provider’s skills and com-
petency. For example, the American College of Surgeons has 
taken initiatives to ensure trainees currently in residency pro-
grams are able to perform basic laparoscopic skills through the 
Fundamentals of Laparoscopic Skills Program (22). In 2004, 
the Society of American Gastrointestinal and Endoscopic Sur-
geons (SAGES) launched the Fundamentals of Laparoscopic 
Skills (FLS) program; the program is co-sponsored by the Ame-
rican College of Surgeons (ACS) and is now required by the 
American Board of Surgery (ABS) in order to take the written 
boards (25, 26). In 2006, the ACS established a program for 
accrediting Education Institutes, in hopes of raising the stan-
dards for surgical skills education and to foster collaboration. 
In 2007, the ACS in conjunction with the Association of Pro-
gram Directors in Surgery (APDS) launched a national skills 
curriculum, which established standardized curricula across a 
wide breadth of surgical tasks, procedures, and environments 
(25). In 2008, the RRC in Surgery mandated that all residency 
programs must have a technical skills curriculum for accredita-
tion. Proof of FLS certification is a requirement for subsequent 
application for Board Certification as well as for privileges for 
trainees in terms of performing laparoscopic procedures (19, 
20). Simulation is likely to induce new paradigms for certifica-
tion and credentialing. While these processes have not been 
fully developed, the ABS Maintenance of Certification (MOC) 
program has instituted requirements for surgeons to evaluate 
their performance in practice (23, 27). While simulation has 
not yet been formally adopted by the ABS for the MOC pro-
gram, such practices may prove useful and valid in the future. 
In addition, dialysis access procedures simulation training will 
eventually be extended to credentialing.

concLuSIonS

Simulation is the mainstay for training of all dialysis 
team members and access systems before being applied 
to patients. Simulation in medicine means many things 
to many people. The penetration of simulation techniques 
into medicine varies across specialties and applications. 
Although some think of simulation as purely a surgical 
tool, it clearly means much more.

The dialysis access training curriculum includes eva-

simulation is a powerful tool for root cause analysis of adverse 
outcomes and should be further tested and used as a training 
tool in the selection of the best mode, site, and type of dialysis 
access. Corrective measures based on root cause simulation 
can be developed and implemented to minimize the poten-
tial risk for recurrence and improve patient safety.

As a component of CRM training, each dialysis ac-
cess team member should have a basic understanding of 
all aspects of dialysis access procedures performed. ESRD 
patients often have complicated medical histories, and an 
involved, invested team is the key to success. Methods to 
increase a feeling of personal investment include ensuring 
that each team member understands the procedure and each 
step involved in the procedure. For example, in the operating 
room, the surgeon should understand and be able to demon-
strate a general knowledge of tasks of the circulating nurse 
and surgical scrub technicians. Each team member should 
understand every aspect of the model/task at hand even if 
they will not be directly performing those tasks. This is not 
to take anything away from the team member that normally 
performs this task, but as a safety check, to ensure that the 
correct steps are being followed in every procedure every 
time. In the operating room, the surgeon, the anesthesiologi-
st, the circulator nurse and scrub technician must all under-
stand the steps in a particular procedure. The surgeon should 
be able to start the electrocautery devices, know instrumen-
tation including the details of suture material and where to 
find them. Not only does this ensure that the procedure goes 
smoothly, more importantly, this will impact how the team 
handles the difficult case with unforeseen complications. 
When every member of the team understands the entire pro-
cedure and their role in the case, individuals are more likely 
to become invested in the project (procedure, etc) and lead 
to higher quality outcomes.

disruptive behavior training. Simulation training also 
lends itself to teaching providers how to deal with emo-
tionally stressful situations that often complicate already 
difficult clinical situations. Actors portraying disruptive 
physicians, ancillary staff members, or even patients, can 
be used to simulate how these behaviors can negatively 
impact patient outcome in the ESRD patient care envi-
ronment. Additionally, these simulations can be used to 
teach providers how to react in a productive and in a non-
confrontational manner that diffuses the stressful situation, 
rather than worsening an already intense (and tense) case. 
Simulating how team members and individuals will react 
to disruptive behaviors is important, as most individuals 
and teams perform reasonably well in ideal situations; ho-
wever, the reality is that often cases are less than ideal and 
human nature is unpredictable in the untested situation. 
The focus on provider reaction to disruptive behavior co-
mes at a time where hospital administrators are increasin-
gly aware of the negative impact of disruptive healthcare 
worker behavior on patient care outcomes and disruptive 
individuals are faced with harsher repercussions.
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luation, testing and training of dialysis access delivery 
and to stimulate technological progress, in a realistic 
manner, considering the entire ESRD system and all team 
members. The emphasis of the simulation is to improve 
measurable outcomes with a focus on the system inter-
facing with the individual. The future impact of dialysis 
access simulation is yet to be determined. Resources are 
required to incorporate new technologies. In the fee-for-
service medical environment, institutions will have to sort 
out how best to integrate and prioritize resources (28).
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