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Overview: Defining Non-Operating 
Room Anesthesia—What It Is and 
How We Got Here

Non-operating room anesthesia (NORA) refers to all pro-
cedures performed in locations other than the operating 
room (OR) and includes diverse environments and proce-
dures, often associated with challenges not regularly con-
fronted for procedures performed in the OR. Historically, 
cases managed outside of the OR were minor, infrequent, 
and involved relatively stable patients with limited comor-
bidities. They seldom required involvement of an anesthesia 
provider; more commonly sedation, if needed, was provided 
by a nurse supervised by the proceduralist. Over the past 
2 to 3 decades, NORA cases have expanded considerably, 
now involving care provided by every medical specialty 
and, for many hospitals, accounting for increasing volume 
and revenue equivalent to that of the OR. Most important 
for the anesthesiologists is that the NORA cases are now 
often as demanding as the most advanced surgical OR pro-
cedures. They constitute a major expansion of our practice 
perimeter and require the same, if not more, planning and 
attention to operational efficiency as is required for cases 
performed in the OR.

In the United States, the number of NORA cases has 
continued to climb over the past decade. The percentage 
of cases increased from 28% to 36% from 2010 to 2014 
alone.1 This continued escalation of NORA procedures now 
requiring the care of an anesthesia provider is based on 
rapid technologic developments and innovations that have 

expanded the array of possible procedures ranging from 
simple same-day procedures to complex cardiac procedures 
that necessitate postprocedure monitoring and care in the 
intensive care unit. Anesthesiology support is also required 
because patients with underlying medical conditions and 
increasing age are now being offered procedures that were 
previously unavailable to them. As a result, an increasing 
number of patients undergoing NORA procedures are older 
and more likely to be classified as having American Soci-
ety of Anesthesiologists (ASA) class III-V physical status 
as compared with patients undergoing procedures in the 
OR.1 In fact, many NORA cases are performed on patients 
deemed “high risk for surgery,” including patients who in 
the past would not have been considered candidates for any 
medical intervention. Although some of these “minimally 
invasive” procedures are considered to be lower risk for the 
patient, the anesthetic issues are often very complex with 
significant potential for physiologic changes that require 
intensive management.

The increase in procedures performed outside of the OR 
has been accompanied by increasing oversight related to 
the safety of anesthesia in remote locations. An analysis of 
the ASA Closed Claims database found that remote location 
claims demonstrated a higher proportion of claims for death 
compared with OR claims (54% vs. 29%) and involved older 
and sicker patients. Fifty percent of remote location claims 
involved monitored anesthesia care—a reflection of the 
importance of close monitoring and management of patients 
by a skilled anesthesia provider who is able to transition the 
management to include initiation of general anesthesia 
or other interventions to address complex clinical issues. 

!"!  The non-operating room arena represents an expansion of the traditional environment for 
anesthesia practice with significant implications for patients and providers. As technology 
advances and patient acuity increases, non-operating room anesthesia (NORA) cases have 
become more demanding in terms of both patient management and required resources and 
support services.

!"!  Financial and operational constraints create additional challenges. Significant differences in 
practice result from the fact that NORA cases occur in places remote from the operating room 
(OR) and are performed frequently by medical proceduralists who are less familiar with the 
scope and clinical issues related to the practice of anesthesiology. In addition, anesthesiologists 
may be less familiar with the demands of providing an anesthetic in an environment outside of 
the OR and, in some cases, in which the proposed procedure and needed equipment restrict 
mobility and access to patients or where radiation exposure or other risks pose other challenges.

!"!  This chapter serves as a general guide to the key principles of anesthetic management associ-
ated with procedures performed outside of the OR, and highlights some of the adaptations, 
both cultural and practical, that must be addressed in order to provide safe and optimal care 
that meets the need of the providers and patients.
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Predictably, respiratory events and inadequate oxygen-
ation and ventilation were more common in these remote 
location claims than in OR claims.2 These findings suggest 
that patients are at a higher risk of adverse events when 
undergoing anesthesia for procedures in remote locations. 
These data underscore the need for conscientious prepara-
tion and greater vigilance when caring for patients in these 
environments. The goal of anesthesia providers must be to 
mitigate systemic factors that contribute to the excess haz-
ard in these environments.

The purpose of this chapter is twofold: first, to highlight 
the inherent, common, as well as the unique characteristics 
of NORA cases that impose unusual challenges for anes-
thesiologists providing care outside of the OR; and second, 
to describe the goals, methodologies, and pitfalls of inter-
ventions in these environments that might be unfamiliar 
to some anesthesiologists. This chapter does not reiterate 
basic principles of anesthesiology practice described else-
where in the text, nor does it describe the technical details 
of novel procedures. Instead, it serves as a general guide to 
the NORA environment and procedures performed outside 
of the OR and delineates some of the critical issues faced by 
anesthesiologists. The intention is to promote awareness 
that encourages preemptive planning, and equips anes-
thesia providers with a vocabulary with which to establish 
effective dialogue to cultivate a collaborative practice with 
colleagues and to maximize the safety of patients.

NOVEL CHARACTERISTICS OF NORA CASES

NORA cases are characterized by three distinctive features: 
location, operator, and relative novelty. First, the procedure 
does not take place in a standard operating suite and is typi-
cally remote to the main OR section. Second, the operator 
performing the procedure is generally a medical interven-
tionalist rather than a surgeon. Finally, the procedures 
and technologies used are constantly evolving. Innovative 
applications of these procedures and technologies pose a 
challenge for a number of reasons as well. With advances 
in technology and expertise of the operators performing 
procedures outside of the OR, the procedures can be per-
formed on patients with complex comorbidities and often 
on patients who are not candidates for a traditional surgi-
cal procedure or for whom surgery is no longer the only 
therapeutic option. For example, carotid artery stenosis can 
be treated in the OR, the catheterization laboratory, or the 
interventional radiology (IR) suite. The ultimate choice of 
venue may be a function of acuity of presentation but often 
depends on the referral—who the patient sees first, and 
who is available. As important, for many patients undergo-
ing a NORA procedure, the scheduling is urgent, emergent, 
or unknown to the anesthesia provider until immediately 
before the procedure is to be performed, preventing an 
adequate periprocedural evaluation. These ever-expanding 
clinical services requiring anesthesia services outside of the 
OR provide an opportunity for anesthesiologists to reevalu-
ate and reaffirm the importance of a preoperative assess-
ment, as well as periprocedural and postprocedural needs, 
for this diverse group of patients. As a result, the perimeter 
of our landscape has expanded beyond the familiar domain 
of the OR and requires collaboration with a broad array of 
medical practitioners including interventional cardiologists, 

interventional radiologists, gastroenterologists, radiation 
oncologists, and electrophysiologists. Given the physical, 
medical, political, and economic challenges that may arise 
and that are often unanticipated, the goal must be to adapt 
to the new environments. We must also strive to evolve 
our anesthesia practice to meet the demands of a changing 
patient population.!

UNIQUE OBSTACLES: FROM  
PHYSICAL ENVIRONMENT TO THE  
MEDICINE–ANESTHESIOLOGY CULTURE GAP

When anesthesiologists are faced with the need to pro-
vide services for non-surgeons in non-OR locations, issues 
such as scheduling inconsistencies, ad hoc requests, and 
resource limitations can be difficult to resolve, particularly 
if the usual scheduling process is not available. In addition, 
the increasing incidence of medically complex cases with 
patients needing urgent intervention, but lacking peripro-
cedural evaluation, can create challenges. The two most 
common challenges are poor communication between 
providers exacerbated by the medicine–anesthesiology 
culture gap and, for many of the NORA procedures, inade-
quate physical space to accommodate the needs of a patient 
requiring anesthesia services.

Procedural suites are often remotely located. This 
increases the time lag between a request for assistance 
and the arrival of help, both with technological and medi-
cal problems. In addition, the lack of nearby supplies may 
exacerbate the timely resolution of common electrical and 
mechanical malfunctions or complicate the resolution of a 
medical emergency. This situation demands that care be 
taken before the start of the procedure to ensure that equip-
ment is supplied and working and that backup options 
(emergency supplies, difficult airway equipment) are func-
tioning and readily available.

In addition, non-OR procedure suites are frequently 
organized from the perspective of the proceduralist, and 
unfortunately, the needs of anesthesiologists are often over-
looked. For example, procedure suites that use fluoroscopy 
for guidance are often configured so that the C-arm limits 
access to the patient’s head and obstructs direct commu-
nication between the anesthesiologist and the procedural-
ist. Inadequate access to the patient may be exacerbated 
if the area around the head of the patient is crowded due 
to constraints of the room and equipment. Lack of vis-
ibility of procedural screens may also make it difficult to 
follow the progress of the intervention without compromis-
ing the attention to the patient. Perhaps most important, 
hemodynamic monitors may be difficult to visualize by the 
anesthesiologist or, for some procedures, may not function 
properly because of interference with mapping systems or 
other electronic interfaces. Lead protective screens may not 
be available, and when they are available and positioned 
to protect the anesthesiologist from radiation, pumps and 
intravenous lines may become inaccessible. Gas scavenging 
may be unavailable, and oxygen and suction outlets may be 
suboptimally placed. For these and other reasons, anesthe-
siologists should be mindful of how best to orient both the 
patient and providers spatially within a procedure room, 
particularly if the setup of the room is unfamiliar. Distrac-
tion of focus away from patient care due to an unfamiliar 
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environment can be potentially disastrous in the face of a 
novel or complex procedure.

The ASA has formulated a statement regarding NORA 
locations that articulates minimum standards for all pro-
cedures performed in these areas,3 but these standards are 
quite fundamental. Recognition of the constraints of the 
environment and anticipatory planning allow for the safe 
administration of anesthesia within this environment. The 
challenge is communicating the importance of these issues 
to the proceduralist and others involved in the care of the 
patient as well as hospital leadership to ensure that the 
needs of all parties are met. With newer procedures requir-
ing anesthesia services in nontraditional environments, 
there may be a need to implement significant environmen-
tal changes to optimize the ability of anesthesiologists to 
deliver safe care.

Communication with the medical proceduralist is key to 
providing an optimal anesthetic; taking time to discuss the 
procedure and the patient allows for thoughtful consider-
ation of anesthetic options in the context of both the prin-
ciples of the procedure and the physiology of the patient. 
However, mismatches in culture can dominate interactions 
between medical practitioners and anesthesiologists and 
undermine communication. These conversations can be 
challenging since, unlike surgeons, medical providers may 
be unfamiliar with the skill sets of anesthesiologists and the 
needs for patient care or unaware of the intricacies associ-
ated with administering an anesthetic. For example, while 
surgeons are accustomed to sharing their procedures with 
other medical practitioners, proceduralists may be habitu-
ated to working alone and ordering sedation to be adminis-
tered by a nurse. Medical interventionalists may also lack 
experience with relatively rare but serious complications 
that might arise during the procedure, such as loss of air-
way. In addition, proceduralists are frequently consultants 
who are enlisted by primary care providers to perform 
procedures, but who may not have received all relevant 
information that may be needed for a patient requiring 
anesthesia services. Even when all information is provided, 
specialization predisposes the proceduralists to concentrate 
on their point of expertise, so many of the concerns of the 
anesthesiologists are not taken into account.

Similar issues regarding the needs of the patient and the 
proceduralist may not be taken into account by the anes-
thesiologist who is unfamiliar with the procedure. In many 
cases, the anesthesiologist may have only a basic under-
standing about what is happening during the course of a 
noninvasive procedure and may not have asked enough 
questions about the plans, especially when they are new 
to a particular venue, the procedure is not observable, and 
fluoroscopy screens are out of the field of view or uninter-
pretable. Anesthesiologists may be unaware of pitfalls and 
likely complications of the procedure even though in the 
OR, they normally would not administer an anesthetic 
without understanding the idiosyncrasies of the surgery. 
These issues are important in planning for the anesthesia 
and procedure but are equally important during the pro-
cedure. Extra initiative is often required by the anesthesi-
ologist since the proceduralist may not communicate the 
course of the procedure during the case. Other aspects of 
the procedure, such as how coughing on extubation might 
predispose patients who have had groin sheaths to serious 

hematomas, may not have been emphasized by the pro-
cedural team or likewise appreciated by anesthesiologists. 
Bridging the communication gap requires effort, but it is 
absolutely critical to optimizing outcomes.

When interventionalists undertake novel procedures 
using new technologies, the situation can become even 
more challenging. The course of the procedure may be 
unknown, the timing and sequence of events may be ill-
defined, and the focus of the procedure may change mid-
stream. At times, the proceduralist may be unsure of what 
is happening. In these situations, extensive preplanning, 
a commitment to communication, and the explication of 
goals for all involved in the care of the patient is crucial to 
the success of the procedure and, more importantly, the 
safety of the patient.

As medical procedures, particularly those performed 
outside of the OR environment, become even more techni-
cally demanding and patient clinical conditions more com-
plex, the best possible patient management strategies will 
arise from collaboration and teamwork between medical 
proceduralists and anesthesiologists. This requires mutual 
respect, excellent communication, common vocabulary, 
shared experience, and overlapping competencies. In pur-
suit of this goal, we can build on the outstanding record of 
improved patient safety and outcomes that characterizes 
the history of anesthesiology.!

FINANCIAL AND OPERATIONAL CONSTRAINTS

The impact of performing procedures in new environments 
has significant financial and operational implications that 
must be addressed. In the desire and enthusiasm to advance 
clinical care and extend care to settings outside of the oper-
ating room, medical, financial, and operational implica-
tions often become blurred. As a result, it is important to 
understand the difference between what does and what 
should drive the direction of new program development 
related to NORA procedures and for all parties to address 
the specific operational needs while taking into account the 
financial implications of transitioning care to these alterna-
tive settings.!

EFFECTS OF PAYMENT SYSTEMS

A variety of payment methodologies are used to compen-
sate providers and facilities for clinical services. While 
government payment methods remain important, private 
insurance has become the financial underpinning of the 
healthcare system in the United States—often allowing hos-
pitals and providers to advance new technologies and inno-
vative care that would otherwise be financially impossible. 
Private health insurance evolved as hospitals transitioned 
from repositories for the impoverished and dying into institu-
tions where people actually recovered from illness. Hospital-
ization plans, initially developed by hospitals in the 1930s, 
were a way to supplement the economic resources needed 
for growth and expansion. At that time, hospitals often 
functioned as extensions of private offices and payment was, 
and continues to be, a fee-for-service system. As health care 
has become more expensive and the clinical options have 
expanded, both the public and private systems have had to 
adapt, becoming more complex and sophisticated—with 
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the goal to minimize payment to those practices that have 
documented, evidence-based outcomes. These changes, and 
the goal to reduce costs of care, have both encouraged care 
outside of traditional and expensive environments, such as 
the OR, but also challenged providers to prove that the care 
remains safe and of high quality. These conflicting goals 
make expansion of care to non-OR locations challenging 
and, in some cases, undermine attempts to innovate.

Medical optimization and financial efficiency are pre-
dictably not the end products of fee-for-service payments. 
With increasing demand for clinical services, the need to 
reduce costs, hospital length of stay, and readmissions is 
critical. As the population ages, care is increasingly spe-
cialized and complex. The Medicare Payment Advisory 
Commission (MedPAC) reported that as of 2006, the aver-
age Medicare beneficiary saw five doctors per year and 
Medicare beneficiaries with three or more chronic condi-
tions saw more than 10 physicians a year.4 With advances 
in care, transitions of some procedures from the OR to new 
settings, and care provided by a “new” group of providers 
that previously did not perform procedures (cardiologists, 
neurologists, and others), more providers participate in 
the care of patients. The implications of these changes are 
numerous. For example, for patients whose care involved 
four or more doctors, MedPAC reported that 48% expe-
rienced medical errors, medication errors, or laboratory 
errors. As technology advances and the population ages, 
risks and benefits change and new genres of service emerge 
and expand. Imaging services, which have exploded 
across disciplines in the last decade, are now provided by 
radiologists, vascular surgeons, cardiologists, internists, 
anesthesiologists, and surgical subspecialists.5 Tradi-
tional fee-for-service payment systems are not designed to 
ensure that the right treatment is performed on the right 
patient at the right time by the right physician in the right 
venue. The result is that groups of assorted medical proce-
duralists provide in-hospital care that is often fragmented, 
perpetuated by silos of specialized care despite the interde-
pendent nature of specialty services. Coordination of care, 
particularly for the newer procedures requiring anesthe-
sia services and performed outside of the OR, is needed but 
often not provided for a variety of reasons. Unfamiliarity 
with anesthesia services and requirements as well as lack 
of payment for coordination of care are primary reasons. 
This uncoordinated or fragmented care creates challenges 
for the patient and provider, often resulting in duplication 
of some service, variability of resource use, and inconsis-
tent application of quality standards. Payment silos create 
misalignment of goals across specialties, creating competi-
tion rather than collaboration among disciplines and, in 
some cases, pitting the needs of one set of providers against 
another without intending to do so.

Another factor that contributes to the challenges asso-
ciated with performing procedures requiring anesthesia 
care in NORA environments is the lag in payment for new 
technologies by Medicare and other payors. While delaying 
implementation of new procedures into the clinical envi-
ronment until peer-reviewed evidence documents the value 
may be appropriate, particularly when new and/or propri-
etary, high-cost equipment is required, the lack of payment 
may actually contribute to higher costs of care or reduced 
quality.

Anesthesiologists are particularly vulnerable to inad-
equate or no compensation for some of the procedures per-
formed outside of the OR. In some cases, the lack of payment 
is related to “historical controls”—healthier patients under-
going procedures outside of the OR with sedation provided 
by a nurse or proceduralist. The anesthesia service is only 
compensated when the patient meets criteria for “medical 
necessity”—and there may be inadequate documentation 
of the need for anesthesia care by the proceduralist. As 
important, for some patients there are associated services 
for which there may be no compensation. Routine prepro-
cedure evaluation and postprocedure care are included in 
the anesthesia fee; other services often needed to optimize 
clinical management so the patient is able to undergo the 
procedure may not be compensated. Discussion of some of 
these issues related to payment for anesthesia services for 
the NORA procedures is ongoing at a national level.6

Some newer payment methods may help address the 
challenges of providing anesthesia services for procedures 
performed outside of the OR. Bundled payment method-
ologies, accountable care organizations, and the periopera-
tive surgical home are three payment reforms intended to 
improve coordination and interdisciplinary collaboration. 
While these models of payment may effectively improve 
delivery of care in the most appropriate environment with 
improved outcomes, it remains to be seen how effective 
these undertakings will be in improving care. In any case, 
payment models remain a key determinant of behavior. It is 
incumbent on anesthesiologists to remain at the forefront of 
new developments as demand for anesthesia services in less 
traditional arenas broadens in an environment that dimin-
ishes control over the revenues we generate.!

OPERATIONAL CONSTRAINTS

It is quite clear that despite a multitude of publications 
documenting significant OR inefficiency, institutional tra-
dition, provider idiosyncrasy, and surgical convenience 
continue to compromise efficient OR scheduling practices 
and policies. Outside of the OR, these issues have even 
greater significance. Medical proceduralists and surgeons 
performing procedures in unfamiliar environments often do 
not understand the physical limitations that affect anesthe-
sia care and the need for appropriate preprocedure evalu-
ation and management, and in many cases are not aware 
of some of the underlying clinical conditions of the referred 
patient. To make matters worse, the specific procedure(s) to 
be performed on the patient may not be well-defined until 
the procedure begins while in other cases the procedure is 
“novel,” often involving equipment and supplies unfamiliar 
to the proceduralist or assisting staff. All of these variables 
make scheduling non-OR cases extremely difficult.

With respect to scheduling and staffing non-OR cases, a 
number of issues must be considered, including:
  
 1.  Non-OR anesthetizing locations are often adapted to 

the specific procedure being undertaken and the needs 
of the medical proceduralist. Unlike ORs, they are non-
interchangeable. They are often neither designed for nor 
take the needs of the anesthesia provider into account.

 2.  Most of the venues for these procedures are smaller and 
less flexible than traditional OR environments.
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 3.  Block time may not be utilized to facilitate scheduling of 
NORA cases, making it difficult to utilize anesthesiology 
staff productively and increasing the likelihood of under-
utilized personnel and space.

 4.  Non-OR procedures may take place a long distance from 
the OR suite. Lack of storage space for anesthesia equip-
ment may also impose longer turnover time and the 
need for additional anesthesia technical services.

 5.  Many non-OR procedure suites perform procedures on 
patients referred from outside providers or services that 
are booked through a central scheduling office. For most 
of these patients, the usual preprocedure evaluation pro-
cess is not used to facilitate assessment and preparation 
of the patient. Periprocedural evaluations are often very 
cursory—if performed at all. This imposes an additional 
bottleneck for the anesthesiologist who may need to per-
form a preoperative evaluation immediately before the 
procedure and cancel or delay cases at the last minute.

 6.  Because many non-OR procedures are novel, it is dif-
ficult to estimate the length of time the procedure will 
take. Booking times may be unrealistic, and scheduling 
anesthesiology time may be difficult. Additionally, with 
new technology and noninvasive methods, it is very 
easy for the proceduralist to modify or extend the proce-
dure after it is started.7

  
As noted, non-OR cases tend to be more variable, less 

predictable, and, therefore, more difficult to staff cost-effec-
tively. Some of these difficulties are technical, but some 
are the result of cultural discontinuity and poor commu-
nication between anesthesiologists and proceduralists. To 
ensure effective management for these cases, a number of 
requirements should be met:
  
 1.  Prospectively establish a contract between the anesthe-

siology and procedural departments that encourages 
appropriate utilization of available time and minimiza-
tion of differences between “staffed (contracted) time” 
and “productive time.” In addition, in those environ-
ments where NORA cases cannot or are not scheduled 
efficiently, the department may need to define a “back-
stop” to compensate the anesthesia providers for “avail-
ability” time that is not associated with a specific case.

 2.  All non-OR cases should be scheduled and managed 
within the electronic database for OR cases, so that 
resource deployment can be planned and modified as 
needed.

 3.  Create a block schedule that takes into account all of the 
procedural areas and the most effective utilization of the 
space. The block time should account for the needs of 
all providers. For example, if cases in some areas tend 
to run late, anesthesia providers should be scheduled 
appropriately to reflect the actual times for the cases to 
be completed.

 4.  Implement real-time scheduling, including patient 
arrival times and other issues affecting utilization. Cal-
culate earliest start times, optimal arrival times, and 
adjusted preoperative fasting (nothing by mouth [NPO]) 
guidelines for all patients. Avoid having patients sitting 
in preoperative holding areas for extended periods and 
account for postprocedure evaluation and monitoring 
needs wherever recovery of the patient is provided.

 5.  Improve specialized triage for scheduled outpatients in 
each procedural area to ensure that patients are appro-
priately evaluated and prepared for the anticipated 
procedure. The use of triage forms and staffing intake 
procedures, either locally within each environment 
or centrally, will minimize delays and cancellations. 
Ensure that the proceduralist is invested in the prepro-
cedure process and supports the needs of the patient and 
anesthesia providers.

 6.  Oversight of periprocedural triage and postprocedure 
recovery areas should be provided by the anesthesia 
department to ensure that the appropriate preprocedure 
assessment has been completed and, when necessary, 
that additional preprocedure optimization is required. 
As part of the oversight process, tracking of unexpected 
admissions, prolonged recovery times, throughput, effi-
ciency, length of stay, and medical outcomes should be 
performed and reviewed with all providers.

  
The scheduling of space, staff, and resources for NORA 

procedures should be standardized within the institution 
but can be performed in a number of ways. In general, the 
principles that apply in the OR should also be used for cases 
performed outside of the OR. These principles include reduc-
ing variability, scheduling to minimize variability as much 
as possible, and using actual institutional data to guide 
decision making whenever possible (i.e., real-time sched-
uling for blocks). In addition, the scheduling should take 
into account available time and actual productive time. 
Full schedules and adequate revenue collection should be 
incentivized; otherwise a subsidy of the anesthesia depart-
ment is needed because the opportunity cost incurred is 
often significant. In situations where specific contracts for 
NORA cases are negotiated, the contracts should take into 
account full costs and not differentiate costs associated with 
specific procedures individually. Whenever possible, pro-
ceduralists should be involved in scheduling schemes so 
they are invested in the process. When the institution has 
specific, predefined areas in which these procedures will 
be performed, identifying a dedicated anesthesia team, as 
is done for selected OR service lines, should be considered. 
Identifying a dedicated team that understands the specific 
issues in each NORA environment and collaborates with 
the proceduralists, nurses, and others can greatly improve 
operational issues, patient and provider satisfaction, and 
clinical outcomes.!

Transitional Priorities for 
Anesthesiologists Outside of the 
Operating Room

As more and more procedures are performed outside of the 
traditional OR environment, we can anticipate that there 
will be many new opportunities as well as obstacles to over-
come. While many have already been articulated, new 
venues must take the same approach as has been taken so 
far to best meet patient and provider needs. Unusual pro-
cedural venues and practitioners who are unfamiliar with 
the scope and practice of anesthesiology challenge standard 
procedure. Adaptation requires that we confront, explain, 
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reorient, and reinforce our traditional concepts of safe prac-
tice and standards of care. Anesthesiology as a specialty 
has improved OR safety enormously in the past 45 years, 
and as the scope of anesthesiology broadens, there is even 
more reason to redefine and remain steadfast in utilizing 
the same well-established standards of safe practice in new 
environments.

DEFINING INTERDISCIPLINARY SAFETY 
IN NON-OPERATING ROOM LOCATIONS: 
STANDARDIZATION, RELIABILITY, AND 
COMMUNICATION

The unparalleled record of OR safety established by sur-
geons and anesthesiologists has been dependent on 
implementation of standardized, routinized practice. 
Anesthesiologists depend on the predictable characteris-
tics of ORs and surgical procedures to gauge the process 
of procedures and optimize anesthetic outcomes. While 
unplanned challenges arise even in the most standardized 
environment, a dedicated team with an understanding of 
the expected (and unexpected) events is best able to tailor 
care to meet the needs of the patient and providers. For 
non-OR cases, many of the standards are not predefined 
and the procedures often are not yet considered routine. In 
some cases, the technology is novel and, for some patients, 
preprocedure optimization is not ensured. For many pro-
cedures, anesthesia is required because of the inherent 
challenges and inability to predict clinical responses and 
needs. In each of these situations, communication at every 
step in the process is critical to optimizing patient care and 
outcomes. If communication is poor between procedural-
ist and anesthesiologist, the potential for error and a less-
than-optimal outcome increases.

Frankel8 and others have emphasized that environments 
that facilitate safety and reliability are characterized by the 
following:
  

 1.  Encouragement of continuous learning among all par-
ticipants

 2.  A just and fair culture of accountability and responsibil-
ity

 3.  Support for teamwork
 4.  Data-based drive for safety and reliability
 5.  Effective communication and flow of information
  

Depending on the specific venue, routines can be defined 
for many NORA procedures—though for many NORA 
procedures, the routines may differ from those developed 
for specific OR procedures. Specialty-specific procedure 
units can accommodate each of the above with varying 
degrees of difficulty, depending on the medical, finan-
cial, and operational constraints and priorities in place. 
All of these elements are critical characteristics of a safe 
environment.!

OTHER GENERAL CONSIDERATIONS FOR NORA 
CARE

A number of other processes are relevant to the practice of 
anesthesiology in general with some specific examples of 
their importance for anesthesia provided in settings outside 
of the OR environment. They include continuous learning, 

accountability, teamwork, and communication, all of 
which are critical to improving systems to optimize care.

Continuous Learning
The concept of continuous learning as an element of process 
improvement was initiated for other industries9 but also 
applies to anesthesia practice and patient care. The prin-
ciples associated with continuous learning have relevance 
to the delivery of anesthesia in environments outside of the 
OR suite, in large part because NORA services continue to 
expand and evolve. Lessons learned from current practices 
can be applied to new models of care delivery, while also 
implementing and evaluating the use of new technologies 
to expand anesthesia services to new patient populations 
and new locations. As clinical opportunities evolve and 
modifications are made to the delivery of anesthesia care, 
the use of objective data (where available) will be an essen-
tial element of the continuous learning process. Inherent to 
the concept of continuous learning is the need to evaluate 
clinical practices with input from all participants, including 
the patient, and to consider needs from a multidimensional 
perspective.!
Culture of Accountability and Responsibility
As is true for all clinical environments of care, the anesthe-
siologist and all other providers must assume responsibil-
ity and accountability for patient safety and quality of care. 
An ongoing evaluation as to what is working and what is 
not—and an understanding of the reasons for adverse out-
comes—is critical to process improvement. In some cases, 
individual actions may be responsible for an unanticipated 
event, though for many (if not most) adverse events, both 
individual and systems issues contribute. To successfully 
analyze adverse events and the contributing factors, formal 
root cause analyses (RCAs) with participation of all par-
ties is most effective in defining how to avoid similar events 
in the future. This type of analysis can be very helpful in 
assessing the quality of care for patients undergoing anes-
thesia outside of the relatively controlled OR environment. 
The RCA process should be collaborative and non-punitive. 
If the actions of an individual need to be addressed, this pro-
cess should be done using human resources or medical staff 
processes outside of the RCA process. We can learn how to 
initiate these reviews from other industries. For example, 
the launching and recovery of US Navy aircraft is a well-
known process in which this type of outcome-focused, non-
punitive review takes place.10!
Support for Teamwork Structure
Support for a teamwork structure is a crucial foundation of 
successful interdisciplinary work. It requires that jobs are 
clearly defined, that debriefing occurs constructively and 
within a reasonable time frame, and that outcomes are 
reviewed to continually refine and improve care and reduce 
the likelihood of repeating errors. Fundamental to this is an 
attitude of mutual respect for other team members; this is 
often the most difficult for physicians to generate, because 
they are educated and trained to be self-sufficient, indepen-
dent, and non-delegating. “Virtuoso teams”11 are charac-
terized by smart people who are opinionated, strident, and 
challenged by an acute need to perform. They get the job 
done by confronting each other and arriving at a mutually 
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acceptable solution. Leadership is clearly important in this 
endeavor; conflict resolution and negotiation are signifi-
cant parts of the process.!
Effective Communication and Flow of Information
As is true in any clinical environment, communication 
among providers is critical to the delivery of care. Effec-
tive communication is particularly relevant in the care of 
patients outside of the OR for a number of reasons, many of 
which have already been outlined. Novel interventions and 
technologies used by proceduralists create potential for mis-
understanding or unintended consequences due to unfa-
miliarity with the supplies, equipment, or maintenance. As 
is true for procedures performed in the OR, time-outs that 
include identification of the patient, description of underly-
ing medical conditions that might impact care, and other 
relevant issues are perhaps even more important for NORA 
cases. In some cases, the primary proceduralist may be 
unaware of underlying medical conditions or comorbidities 
that impact anesthesia care, selection of sedatives and anal-
gesics, and monitoring needs. The issues of concern to the 
anesthesia provider must be discussed with the procedur-
alist and those that might impact how a procedure will be 
performed must be discussed with the anesthesia provider, 
nurses, and others. Even medically correct actions on the 
part of the anesthesiologist or proceduralist, if not commu-
nicated to the other party, could drastically alter outcome. 
If, for example, the anesthesiologist supports decreasing 
blood pressure but fails to tell the proceduralist about the 
hemodynamic instability, s/he might continue under the 
assumption that the patient is tolerating the procedure 
when in fact a search for a cause for the blood pressure 
fall, such as evaluation for possible retroperitoneal bleed, is 
more appropriate. To create the same degree of safety and 
reliability outside of the OR as exists in the OR, compromise 
and adjustment of cultural and medical assumptions is 
required by all parties. Without good communication this 
cannot occur.!

NON-OPERATING ROOM ANESTHESIA 
LOCATIONS: SOME LOGISTICAL ISSUES
Sites of Care
Potential sites for procedures performed outside of the OR 
continue to expand. As new sites are proposed, they must 
be carefully and thoroughly evaluated to ensure that care 
can be provided safely with appropriate monitoring and all 
supplies, equipment, and support are available. The needs 
must take into account the patient population(s) that will 
be served, including consideration of the complexity of the 
intervention and common comorbidities.

For anesthesia care provided outside of the OR, appropri-
ate emergency supplies and procedures should be clearly 
identified, including posting of phone numbers or other 
contact information for accessing emergency help. In addi-
tion to considering the specific space needs to facilitate com-
pletion of a procedure, appropriate space must be identified 
to provide pre- and postprocedure care. In addition, any 
patient receiving anesthesia for a procedure must be moni-
tored in an appropriate location equipped for that purpose 
with skilled nursing staff and the availability of an anesthe-
sia provider during the recovery period.12 The same safety 

standards implemented for procedures performed in the OR 
must be assured for all NORA cases regardless of where they 
are provided.!
Supplies and Equipment
No matter what type or level of anesthetic care is antici-
pated to be required to facilitate completion of a procedure, 
for the majority of locations and clinical situations an anes-
thesia machine should either be present or readily available 
in anticipation of the need to convert to general anesthe-
sia and/or require mechanical ventilatory support. If the 
proposed location for a procedure cannot accommodate 
anesthesia equipment (for size, electrical, or other spatial 
reasons), an alternative location should be identified.

All anesthetizing locations should have appropriate mon-
itoring equipment. While the monitoring needs may vary 
for each procedure, the usual monitoring equipment should 
be available, preferably the same equipment that is avail-
able in the ORs to ensure that all providers know how to use 
and troubleshoot the equipment. The ASA Standards for 
Basic Anesthesia Monitoring13 may serve as a fundamental 
guide, but often specific procedures require more than basic 
monitoring. As sicker patients are increasingly cared for in 
NORA locations, monitoring needs must be considered to 
ensure that the patient receives appropriate care to address 
both procedural needs and any clinical issues that may arise 
as a result of underlying medical conditions. The appropri-
ate monitors increase the likelihood of early detection and 
amelioration of problems and undesirable outcomes. The 
success in establishing and maintaining unparalleled safety 
records in the OR results largely from the consistent use of 
appropriate monitoring equipment. The same standards 
should apply in NORA settings.!

MONITORING IN NON-OPERATING ROOM 
ANESTHESIA LOCATIONS

Physiologic monitoring is a critical feature of safe anesthe-
siology practice wherever the anesthetic is delivered (see 
also Chapters 36 and 41). Just as monitoring standards of 
care exist throughout the OR, they must be consistently 
in place in NORA locations as well. Some studies suggest 
that adverse events occurring outside of the OR may in fact 
be associated with more deleterious outcomes and serious 
injury than those in the OR because minimal monitoring 
standards are lacking.14,15 Monitoring in NORA locations is 
often suboptimal because the need is not identified by anes-
thesiologists and, in some cases, the proceduralist is not 
well-educated about what may be required. Until recently, 
pulse oximetry was the primary monitoring used to assess 
adequacy of oxygenation and ventilation, despite the fact 
that pulse oximetry has significant limitations. Several 
publications indicate significant misunderstanding among 
non-anesthesiologists using pulse oximetry to monitor 
patients outside of the OR.16 Anesthesiologists providing 
services outside of the OR should clarify the need for both 
pulse oximetry and monitors of ventilation. Several excel-
lent articles and websites are available as resources.17 Over 
the last 20 years, capnography has become the standard of 
care for monitoring not only for ventilation, but also for cir-
culation and metabolism18-20 by directly measuring expired 
carbon dioxide levels and indirectly measuring production 
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of CO2 at the tissue level and delivery of CO2 to the lungs. 
Despite broad utility and clear clinical superiority, cap-
nography is not always available in non-OR locations. 
The mandate for capnography may not be understood by 
either proceduralists or hospital administrative staff with-
out significant education about its utility. Capnography 
equipment is bundled with other monitoring equipment on 
the anesthesia machine. Similar monitoring should be rou-
tinely available in NORA locations independent of the anes-
thesia machine which may not be required for every case.!

PREPROCEDURAL EVALUATION FOR  
NON-OPERATING ROOM ANESTHESIA CASES

Preprocedural evaluation is an essential component of 
anesthesia practice, regardless of where the procedure is 
performed or who is performing it (see also Chapter 31). 
Increasingly, patients with serious comorbidities and/or 
significant compromise are scheduled to undergo proce-
dures outside the OR. For many of these patients, prepro-
cedure assessment identifies clinical issues that may be 
difficult to optimize prior to proceeding with the procedure. 
In some cases the procedure is an emergency or of such 
urgency that a delay to address underlying clinical issues 
is not possible. For all NORA cases, the ASA Guidelines for 
Preanesthesia Evaluation21 of 2012, should guide manage-
ment. They specifically define a preanesthesia evaluation 
which should, at a minimum, include the following:
  
 1.  A patient interview that includes a physical examina-

tion and a review of medical, surgical, anesthetic, and 
medication history

 2.  Diagnostic laboratory tests and other relevant diagnos-
tic information

 3.  Assessment of ASA status
 4.  Formulation of potential anesthetic plans and presenta-

tion of these to the patient
  

Because several studies have dispelled the notion that there 
is a body of routine testing that reduces anesthetic risk,22,23 
anesthesiologists should obtain testing based on the patient’s 
history, the procedure they are to undergo, and anesthe-
sia requirements. Since many NORA cases are performed as 
urgent referrals to a proceduralist, patients may not have been 
evaluated by any provider prior to the procedure. As a result, 
accumulating the appropriate clinical information in a timely 
manner may be challenging, if possible at all. For patients 
known to have significant underlying medical conditions, the 
proceduralist should require that, if possible, the patient be eval-
uated in a preoperative evaluation clinic (if one is available). If 
not, the patient may require an extensive preprocedure assess-
ment that could delay the procedure or necessitate reschedul-
ing at a later time. Occasionally, periprocedural admission or 
consultation with a specialty service is required. Guidelines 
regarding preanesthetic evaluation can be found in Chapter 31 
and many other texts24; in general, the same guidelines apply 
to procedures performed in the OR or non-OR locations.!

OTHER CONSIDERATIONS

Additional issues must be considered for patients undergoing 
NORA procedures, particularly related to the  management  

of underlying clinical conditions or periprocedure needs 
that might not be anticipated by other providers. These 
include the following limitations that should be considered 
before proceeding:
  
 1.  Many procedure suites have beds with lower weight lim-

its and less mobility than OR beds.
 2.  Procedure suites for fluoroscopy have beds that cannot 

be placed in Trendelenburg or reverse Trendelenburg 
position.

 3.  Anticoagulation status is often an issue and guidelines 
may be extended for some procedures.

 4.  Renal status may impact the use of contrast.
 5.  During percutaneous procedures, bleeding may be 

occult, and the potential need for transfusion should be 
addressed preprocedurally.

 6.  Percutaneous procedures often require that the patient 
remain still. Patients with extreme anxiety, chronic 
pain, claustrophobia, mental disability, movement dis-
orders, obesity, or obstructive sleep apnea (OSA) or 
those who are at the extremes of age may not tolerate 
lying on a table for long, even if the proposed procedure 
is not very stimulating. For these patients, deeper seda-
tion or general anesthesia may be needed.

  
Current NPO guidelines for procedures are 6 hours for a 

light meal, 8 hours for a full meal, and 2 hours for clear liq-
uids applied to patients without increased risk for aspiration 
(gastroesophageal reflux disease, gastric dysmotility, hiatal 
hernia, diabetes mellitus, bowel obstruction, or intraab-
dominal pathologic conditions).25 This is often a source of 
disagreement between anesthesiologists and procedural-
ists, who may not realize the ramifications of a full stom-
ach or may insist that contrast or barium be administered 
before the procedure. Timely preprocedure evaluation and 
enforcement of clear standards for NPO status can help pre-
vent scheduling mishaps and unnecessary delays and can-
celations. This may require education of the proceduralists 
and their staff.!

Specific Procedure-Related Issues

GASTROINTESTINAL PROCEDURES IN THE 
ENDOSCOPY SUITE

Over the past 10 years, enormous growth in the number 
of gastrointestinal (GI) endoscopic procedures related to an 
aging patient population, increased awareness of cancer 
screening benefits, broad-based reimbursement for screen-
ing colonoscopies, and better technology is quite evident.26 
Increasingly complex procedures, higher-acuity patients, 
and increased case volume broaden the scope of challenges 
anesthesiologists face in caring for these patients. The choice 
of anesthetic approach requires a thorough understanding 
of both the procedure and the comorbidities of the patient. 
Similarly, preprocedure evaluation and postprocedure care, 
which carry financial and operational constraints, assume 
greater importance. Historically, most endoscopists man-
aged healthy patients undergoing minor procedures with 
moderate sedation administered by nurses. However, mod-
erate sedation is often inadequate in the context of sicker 
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patients for simple procedures or healthy patients for com-
plex procedures. Therefore, this chapter discusses the focus 
and methods of common GI procedures, reimbursement 
issues that may affect practice, the frequent comorbidities 
associated with patients undergoing those procedures, and 
anesthetic approaches suggested by anesthesiologists with 
expertise in the area.

A broad spectrum of GI procedures takes place in the 
endoscopy suite, ranging from routine screening colonos-
copies to complex endoscopic pancreatic necrosectomies. 
Each of these requires specific levels of anesthesia depend-
ing on the invasiveness and stimulation imposed by the 
procedure as well as patient factors relating to their comor-
bidities. The most common procedures are esophagogastro-
duodenoscopy (EGD), sigmoidoscopy and colonoscopy, and 
endoscopic retrograde cholangiopancreatography (ERCP).

Reimbursement Constraints
Rapid increases in charges to Medicare and private insur-
ance companies for anesthesiology support of colonoscopies 
provoked the attention of both Medicare and commercial 
payers. As a result, in 2008, a major insurance company 
amended its reimbursement policies27 stating that they 
would no longer pay for anesthesiologists to administer 
propofol for screening colonoscopies in routine cases and 
that costs would be reimbursed only if the patients had 
documented comorbidities that would likely contraindicate 
moderate sedation. The carrier’s actions were prompted 
by an acute rise in billing, significant regional differences 
in the use of propofol for routine colonoscopies, and the 
growth of independent colonoscopy centers that treated 
many patients per day facilitated by the use of propofol, 
which permitted very rapid turnover of cases. Despite the 
fact that the list of acceptable comorbidities included more 
than 200 diagnoses, nationwide protests from patients and 
physicians prompted the carrier to delay and then cancel 
implementation of this policy change. The finances of this 
situation continue to drive practice, and the debate contin-
ues. Anesthesiologists must continue to consider patient 
need and procedural requirements as the criteria by which 
anesthetic plans are formulated because the political and 
economic aspects of the debate will undoubtedly continue.!
Esophagogastroduodenoscopy
EGD involves examination of the upper GI tract (esophagus, 
pylorus, and stomach) using a fiberoptic endoscope. The 
most difficult parts of the procedure for the patient include 
passing the scope into the esophagus (past the cricopharyn-
geus muscle) and through the pylorus. Any interventions 
that occur during the procedure (biopsy, resection, dilation) 
should be discussed with the endoscopist before the proce-
dure because they constitute additional procedure time. 
Important and potentially stimulating therapeutic under-
takings during endoscopy include hemostasis, biopsy, 
stenting, dilation, and mucosal or submucosal dissection.28

Most patients tolerate this procedure well with opioid or 
benzodiazepine sedation, but for those who are hemody-
namically unstable, at risk for obstruction or aspiration, 
very anxious patients, or for children, general anesthesia 
may be the best alternative. Unfortunately, many patients 
presenting for EGD are in this high-risk category, includ-
ing patients with severe GI reflux disease, morbid obesity, 

asthma, or OSA. In some cases, thorough topicalization is 
all that is needed, but in some patients, this is inadequate 
for the procedure or is difficult to achieve. ProSeal laryngeal 
mask airways (LMA), which have a built-in gastric drain-
age port, permit the passage of a pediatric endoscope, and 
this approach may be the best option for children and other 
patients29 who require general anesthesia and are appro-
priate for LMA use. As with all procedures above the nipple 
line that use cautery, precautions must be taken to reduce 
the potential for airway fires.30 This subject is discussed in 
Chapter 44. Rare, but serious complications include aspira-
tion and gastroesophageal injury including perforation.!
Sigmoidoscopy and Colonoscopy
Sigmoidoscopy and colonoscopy can be diagnostic and/
or therapeutic and involve the examination of the lower 
GI tract, including either the sigmoid colon only or up to 
the distal ileum. This examination can be difficult for some, 
although most patients tolerate it with a combination of 
benzodiazepines and opioids. Interventions such as biopsies 
or polyp removal may require increased analgesia. Most 
anesthesiologists provide sedation with propofol; however, 
even in situations in which GI endoscopists are permitted 
to direct nurses to administer propofol, one study found 
that the mean bispectral index (BIS) score of patients was 
59, indicating they were under general anesthesia.31 Some 
gastroenterologists maintain that this depth of sedation or 
anesthesia allows for more thorough examination, but no 
data have indicated that a better examination is performed. 
Remifentanil has been compared with propofol in the con-
text of sedation for colonoscopy. Although patients given 
remifentanil recovered earlier, they also had more nausea 
and respiratory depression than the propofol groups. When 
inhaled anesthetics such as sevoflurane and nitrous oxide 
were compared with total intravenous anesthesia (TIVA) 
using drugs such as propofol, fentanyl, and midazolam in 
patients undergoing colonoscopy, the TIVA group emerged 
faster but had longer-lasting psychomotor impairment 
than the inhalational group.32-34

As with upper endoscopy, specific interventions during 
sigmoidoscopy and colonoscopy constitute additional stim-
ulation including introduction of the endoscope, colonic 
insufflation, advancement of the endoscope, and additional 
endoscopic intervention such as biopsy, polypectomy, 
stenting dilation, and mucosal resection.

The ability and need to titrate a drug quickly and appro-
priately drive the choice of anesthetic, and new studies look-
ing at patient-controlled sedation pumps are under way. 
Studies of patient satisfaction and indicators of procedural 
success are ongoing, as are several trials of patient-adminis-
tered sedation and other types of computerized pumps.

One potential complication is bowel perforation, which 
is heralded by ongoing abdominal pain; emergent surgi-
cal intervention is indicated in this situation. Bleeding is 
another complication that can occur during therapeutic 
lower GI procedures. A current blood bank sample is imper-
ative as well as adequate intravenous access.!
Endoscopic Retrograde 
Cholangiopancreatography
ERCP is a fluoroscopic examination of the biliary or pan-
creatic ducts accomplished through an endoscopically 
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guided injection of contrast through the duodenal papilla. 
This type of procedure constitutes the up-and-coming inter-
ventional gastroenterology field. Patients are usually in 
the prone position. Many patients who require ERCP are 
compromised. Their diagnoses include cholangitis (with or 
without sepsis), pancreatitis, bile duct obstruction second-
ary to stones, or pancreatic or hepatocellular tumor masses. 
Potentially stimulating interventional maneuvers during 
ERCP include sphincterotomy, hemostasis, stent place-
ment, stone extraction, pancreaticobiliary visualization, 
and laser lithotripsy.

These procedures can range from straightforward to 
highly complex interventions. Furthermore, gastric insuf-
flation is required and most proceduralists prefer CO2 
instead of air. Consequently, prolonged procedures can 
lead to very high arterial CO2 levels. Procedural failure 
rates are twice as high for sedation patients as they are for 
general anesthesia patients, and the complication rate for 
general anesthesia cases may be lower.35,36 In addition, the 
patient’s airway is effectively inaccessible to the anesthesi-
ologist and ventilation can be challenging. For this reason, 
many anesthesiologists prefer general anesthesia for ERCP.!

NATURAL ORIFICE TRANSLUMINAL 
ENDOSCOPIC SURGERY: THE NEXT FRONTIER?

Natural orifice transluminal endoscopic surgery (NOTES) 
represents an approach to abdominal and peritoneal pro-
cedures that integrates the perspectives of endoscopic medi-
cine and minimally invasive surgery. The use of NOTES 
in humans is in the early phases, and several cases have 
been reported of transvaginal and transgastric cholecystec-
tomy.37,38 Thus far these cases have required a pneumoperi-
toneum and general anesthesia; however, as technology 
improves, these parameters may change and NOTES pro-
cedures may take their place among the numerous other 
interventions performed outside the OR.

An example of a NOTES used by GI endoscopists to treat 
esophageal achalasia is peroral endoscopic myotomy 
(POEM). Esophageal achalasia is characterized by poor 
peristalsis of the esophagus in combination with increased 
muscle tone and incomplete relaxation of the lower esoph-
ageal sphincter (LES). Symptoms arising from impaired 
entry to the stomach include nausea and vomiting, dyspha-
gia, and/or pain. The POEM procedure has been developed 
as a minimally invasive procedure to correct achalasia by 
endoscopically insufflating the esophagus with CO2 and 
then making an incision into the mucosa from the mid-
esophagus (through the gastroesophageal [GE] junction) 
to 2 to 3 cm into the proximal stomach. During insuffla-
tion, patients may have an increase in ETCO2 that can be 
controlled using mechanical ventilation. Potential risks 
of insufflation range from subcutaneous emphysema to 
pneumothorax, pneumomediastinum, and pneumoperi-
toneum. This procedure commonly requires several hours 
and is best accomplished using general anesthesia with an 
endotracheal tube, which protects the patient from aspira-
tion of gastric contents and allows the anesthesiologist to 
minimize the perils of CO2 insufflation. As with all NORA 
procedures, vigilance, teamwork, and communication are 
vital to ensure not only the success of the procedure but 
the safety of the patient as well.!

Interventional Pulmonary 
Procedures

Innovations in interventional pulmonology have expanded 
the pulmonary field tremendously. Bronchoscopic inter-
ventions have grown to encompass many traditional sur-
gical procedures performed in the OR. Anesthesiology 
services are required for high-risk patients and given the 
nature of the procedures involving the airway, the potential 
for complications is high. Fluoroscopy plays a major role 
for these procedures. Discussion, communication, plan-
ning, and radiation safety are particularly critical in this 
environment.

COMMON BRONCHOSCOPIC PROCEDURES

Common bronchoscopic procedures include the following 
(see also Chapter 53):
  

 1.  Endobronchial stenting: placement of self-expanding 
metallic stents to treat stenosis

 2.  Endobronchial biopsy, laser treatment, and cauteriza-
tion

 3.  Balloon dilation and cryotherapy
  

Technological advances in this field have given rise 
to new innovative procedures used in treating a broader 
patient population. Several interventions that represent 
amalgamations of preexisting technologies in the bron-
choscopy suite are as follows:
  
 1.  Endobronchial ultrasound-guided transbronchial nee-

dle aspiration (EBUS-TBNA). This procedure is used to 
image the bronchial wall and adjacent structures. It 
allows ultrasonic visualization of mediastinal lymph 
nodes and other peribronchial lesions and therefore is a 
useful staging tool.

 2.  Electromagnetic navigation bronchoscopy (ENB). This 
technique permits biopsy of endobronchial tissue that is 
not visible using computer software that creates a vir-
tual multiplanar lung reconstruction from computed 
tomography (CT) data. A sensor probe and electromag-
netic location board guides the operator to the appropri-
ate location during the bronchoscopy.

 3.  Fiducial marker implant. Markers are placed before ste-
reotactic radiosurgery via bronchoscopy or ENB.39!

Novel Anesthetic Concerns

The site of intervention creates several special anesthetic 
considerations. Preoperatively it is important to review 
common comorbidities, which in these patients include 
obstructive and restrictive lung disease, cardiac disease, 
malnutrition, chronic aspiration, and tobacco and alcohol 
use. Although simpler procedures may be completed with 
sedation, complex procedures may require general anes-
thesia. Because a rigid bronchoscope is used during some 
aspects of these interventions, intravenous anesthetics are 
preferred. Instrumentation of the airway and insertion of 
biopsy or therapeutic equipment will compromise delivery 
of inhaled anesthetics to the patient and potentially pollute 
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the procedure room. Propofol and remifentanil infusions 
are well tolerated and can be titrated to effect. Dexmedeto-
midine may be used as well. Processed EEG monitoring may 
be helpful, though no data document the specific value of 
this type of monitoring for these procedures. Use of muscle 
relaxants is also preferred to prevent coughing and elimi-
nate any chest wall rigidity. Muscle relaxation also facili-
tates introduction of bronchoscope. The use of steroids 
during and after treatment has not been demonstrated 
to be effective in reducing edema. For patients whose air-
way is not controlled during the procedure, aspiration is a 
potential risk. For this group of patients, administration of 
antiemetics and dexamethasone may be helpful.40 High-
frequency jet ventilation (HFJV) has been increasingly used 
to provide ventilation and as a strategy to provide a static 
field during therapeutic pulmonary interventions. Compli-
cations commonly encountered include airway obstruc-
tion, bronchospasm, bleeding, hypoxia, and airway fire (see 
also Chapter 70). Because potential complications are sig-
nificant, patients should be observed in an appropriate unit 
postprocedure and, if needed, admitted to the hospital for 
overnight observation.!

Anesthesiology for Image-Guided 
Interventions: Evolution of a New 
Interface

In the 1950s the field of radiology was redefined by Charles 
Dotter, the father of IR.41 Through his pioneer work with the 
treatment of peripheral atherosclerotic lesions and angio-
plasty, the specialty grew from being diagnostic to one that 
now encompasses an ever-expanding menu of interven-
tional undertakings, in keeping with technology develop-
ment and patient needs. The scope of procedures performed 
in IR settings is as broad as the number of diagnoses known 
to the medical profession and is expanding. In fact, not 
all interventional radiation procedures are performed by 
radiologists. Some take place in specialty areas with other 
names, such as catheterization laboratories, neuroradi-
ology suites, CT scanners, magnetic resonance imaging 
(MRI), and even in ORs. Some are performed by interven-
tional cardiologists or surgeons. For that reason the discus-
sion will address the purpose for which they are performed 
rather than categorizing them by the location in which they 
are performed or the specialty of the person performing the 
procedure. The common characteristics shared by most of 
these interventions are that there are no surgical incisions, 
there is some type of imaging involved (fluoroscopy, ultra-
sound, CT, positron emission tomography [PET], MRI), and 
access to the organ, tumor, or vascular structure in ques-
tion is through a small hole by wires or catheters. Beyond 
that, the array of available technologies and possible inter-
ventions (both diagnostic and therapeutic) is astonishingly 
broad. The scope and intensity of procedures undertaken in 
interventional suites rivals that of surgeries performed in 
any OR, and often, patients undergoing non-OR procedures 
are sicker than those undergoing conventional surger-
ies. Unfortunately, they often lack preoperative evalua-
tion and are not medically optimized. Frequently non-OR 
patients become candidates for noninvasive procedures 

precipitously because they are felt to be too sick or too high 
risk for the OR or because the need for intervention develops 
urgently or emergently.

It is important that anesthesiologists make the effort to 
understand the planned course of the procedure and the 
nature and acuity of the patient’s comorbidities, which 
may not be apparent to the proceduralist. As in the OR, 
the challenge is to think preemptively about how the pro-
spective procedure will affect the patient’s physiologic 
status and design a successful anesthetic plan for the 
case. However, the additional caveat, as with all non-
OR anesthetics, is that this may require learning about 
a procedure, technology, or modality that may be novel, 
unfamiliar, or in clinical trial. Also, it may fall to the 
anesthesiologist to introduce the potential ramifications 
of the patient’s comorbidities and anesthetic risks to the 
proceduralist in a constructive manner. Many interven-
tional specialists are consultants and are not involved in 
the primary care of the patients they are treating. They 
may be unaware of seemingly peripheral aspects of their 
patient’s physical status that are in fact quite central to 
positive outcome. Creating a clear, collegial, and work-
able path of communication between medical procedur-
alist and anesthesia provider is paramount. The need for 
anesthesia support may reflect the needs of the patient 
and not the complexity of the procedure. The interven-
tionalist may be highly focused and technically oriented 
and may not understand the concerns of an anesthesiolo-
gist. Our mutual tasks are to understand what needs to be 
accomplished and to bring our skills to bear in a manner 
that bridges the knowledge gap, creating an atmosphere 
of safe and reliable interdisciplinary collaboration that 
optimizes outcome.!

Diagnostic and Therapeutic 
Interventions: New Challenges

The need for anesthesia during minimally invasive pro-
cedures continues to grow as the scope of image-guided 
interventions broadens. In addition, as the population ages 
and technologic advancement marches forward, image-
guided procedures will continue to supplement and per-
haps replace conventional surgeries, especially for patients 
whose comorbidities make traditional surgical approaches 
risky. Image-guided procedures, although noninvasive, 
can cause anxiety and postprocedural pain and carry the 
risk for potentially life-threatening complications. Anesthe-
siologists are called on to keep patients safe and comfortable 
and to facilitate optimal outcomes. Image-guided interven-
tions may be diagnostic, therapeutic, or both. Many diag-
nostic procedures are short and tolerated well with nothing 
more than conscious sedation; however, for a compromised 
patient, even the most minor procedure can be problem-
atic. Interventional procedure suites impose constraints not 
normally encountered in the OR. Additional considerations 
that emerge in these environments include unfavorable 
equipment layout, radiation exposure, occult bleeding risk, 
and contrast allergies.

These procedures have some special issues that need to 
be addressed by the anesthesia providers to optimize patient 
care and protect themselves.
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EQUIPMENT LAYOUT

The layout in any radiology suite can be problematic for 
anesthesiologists because x-ray tubes and moving C-arms 
create a zone of inaccessibility around the patient’s head 
and limit placement of the anesthesia machine. This neces-
sitates the use of extensions on ventilator circuits and intra-
venous lines, increasing the potential for mishap. Infusion 
pumps, blood warmers, and other monitors must be placed 
far away from moving imaging equipment to prevent them 
from being knocked down or tangled during C-arm rotation 
and movement. In addition, imaging screens are often at 
right angles to the anesthesiologist, making it impossible to 
see what the interventionalist is doing or assess the progress 
of the case. Anticipating events is therefore difficult unless 
good communication occurs between the anesthesiology 
and radiology teams.

Radiation Exposure
Radiation exposure is a serious consideration for anesthesi-
ologists, and steps must be taken to minimize it. Most expo-
sure results from scatter of the x-ray beam. The specifics are 
not discussed in this chapter; however, excellent discus-
sions and guidelines for optimization of radiation safety are 
readily available (see also Chapter 89).

Many anesthesiologists do not undergo consistent or 
repetitive training in radiation safety. All radiation expo-
sure should follow the ALARA (“As Low As Reasonably 
Achievable”) principle. The radiation beam attenuates 
based on the inverse square of the distance from the radia-
tion source (1/d2).42 Shortened exposure time, increased 
distance from the source of radiation, and barriers to radia-
tion (lead shielding and screens) are three ways in which to 
reduce exposure. It is important that anesthesia providers 
wear properly fitting lead shielding; ill-fitting lead shielding 
is suboptimal as lead shielding is maximally protective only 
if it fits properly. Protective equipment should include the 
use of thyroid shields and leaded glasses. Anesthesiologists 
should routinely use portable lead screens and wear radia-
tion badges that are monitored on a monthly basis. Even so, 
several recent studies indicate that exposure of anesthesia 
personnel to radiation is quite high and that the exposure 
of the head and face of anesthesiologists can exceed three 
times the exposure of radiologists43 because of their position 
in the room.

Related to the exposure problem is the need for the anes-
thesiologist to leave the room during specific imaging runs 
such a digital subtraction angiography (DSA), a novel 
aspect of NORA. This can be planned and executed so that it 
does not interfere with the anesthetic or compromise safety.!
Contrast Material
Contrast material is commonly administered during inter-
ventions guided by imaging. Standard ionic, high-osmolality 
contrast agents are associated with dose- and concentration-
dependent adverse reactions in 5% to 8% of patients. Idio-
syncratic reactions are unrelated to dose or concentrations 
administered.44 Reactions can be severe and include laryn-
geal edema, bronchospasm, pulmonary edema, hypotension, 
and respiratory arrest or seizures. Oxygen, epinephrine, and 
bronchodilators are the recommended rescue regimen. For 
pretreatment of patients with a history of contrast reaction, 

steroids and diphenhydramine are recommended. Numer-
ous prophylactic protocols exist, but none have shown supe-
riority.45 The use of low-osmolality contrast reduces the risk 
for adverse reactions but does not eliminate the risk. Patients 
with renal insufficiency are at risk for contrast-induced 
nephropathy (CIN). Risk is further increased for patients 
with diabetes mellitus. Despite mixed evidence, these patients 
should undergo prophylactic protection strategies includ-
ing a combination of periprocedural hydration.46-48 Carbon 
dioxide can be used as an alternative if contrast is absolutely 
contraindicated. Contraindications to carbon dioxide include 
patients with patent foramen ovales (PFOs) or any right-to-
left shunting.49!
Bleeding
During most percutaneous interventions bleeding may be 
occult while in some it is the reason for the procedure (i.e., 
splenic embolization). This is a serious concern, especially 
for patients receiving anticoagulation (see also Chapter 50). 
Guidelines for optimizing coagulation parameters change 
frequently and are procedure dependent. For patients who 
do not undergo anticoagulation for other reasons, the inter-
national normalized ratio (INR) should be less than 1.5 and 
the platelet count more than 50,000. If possible, warfarin 
should be held for 5 to 7 days before the procedure, clopi-
dogrel and aspirin for 5 days, and fractionated heparin for 
12 to 24 hours. Heparin infusion should be stopped 4 to 6 
hours before the procedure. Nonsteroidal antiinflammatory 
drugs (NSAIDs) should be held for 1 to 2 days, if possible.50 
As mentioned earlier, certain percutaneous procedures 
may proceed with anticoagulation on board (i.e., cerebral 
angiogram). It is not unreasonable to send a sample to the 
blood bank for any patient undergoing high-risk interven-
tional procedures (e.g., transjugular intrahepatic portosys-
temic shunts [TIPs]). Of course, it is critical to communicate 
clearly with the interventionalist prior to the planned inter-
vention or when hemodynamic parameters change or the 
initiation of blood pressure support becomes necessary. 
Often the therapeutic modality can be used for diagnostic 
purposes.!

VASCULAR INTERVENTIONAL PROCEDURES

Angiography, the general term for imaging of blood vessels, 
includes arteriography and venography (see also Chapter 
56). This involves the acquisition of images during injec-
tion of contrast material. In many institutions, this tech-
nique has been replaced by CT angiography (CTA). DSA, a 
technique that imposes a contrast-injected image on top of 
a previously acquired non-contrast image, improves accu-
racy. Arteriography can be used to evaluate atherosclerotic 
and ischemic disease, define the arterial supply of tumors 
and vascular anomalies, and define traumatic injury. After 
diagnostic imaging, interventions using balloons, stents, 
balloon-mounted stents, or delivery catheters take place. 
Follow-up arteriography is used to evaluate the result. In 
some cases, arteriography serves as a precursor to later 
surgery.

Thrombolytic therapy can be delivered to veins, arteries, 
or conduits that are thrombosed. The earlier the interven-
tion the more successful it is likely to be. Various agents are 
used, including recombinant tissue plasminogen activator 
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(r-TPA), urokinase, and others.50-52 Thrombolytic therapy 
is generally contraindicated in patients with ongoing bleed-
ing, recent bleeding, pregnancy, known allergy to throm-
bolytic agents, suspected aortic dissection, or the presence 
of a nonviable extremity.

Embolization therapy is used in a wide range of condi-
tions, including trauma, hemorrhage, vascular anomalies, 
fibroids, aneurysms, and tumors. The goal is to occlude 
arteries or veins either temporarily or permanently. This 
can be done mechanically with coils, balloons, or glue or 
with chemical agents that are temporary (Gelfoam) or per-
manent (alcohol). In these cases, arteriography first defines 
and localizes the lesion and the embolic agent is then deliv-
ered to the appropriate place with imaging guidance.

For all of these vascular interventions, the nature of the 
case, the comorbidities of the patient, and the intricacies of 
the procedure will determine the need for and extent of an 
anesthesiologist’s involvement. Complications to anticipate 
include bleeding during thrombolysis, undesired emboli-
zation of nearby structures during embolization, and ves-
sel disruption. Depending on where the target vessels are, 
potential complications should be appropriately anticipated 
in terms of planning for physiologic sequelae and the need 
for blood products.

Venography or imaging of the venous system is used in 
the context of stent placements, inferior vena cava (IVC) 
filter placement or removal, pulmonary arteriography, 
embolization of pulmonary arteriovenous malformations 
(AVMs), thrombolysis, and selective venous sampling. 
Central venous angioplasty is most frequently undertaken 
in patients who have indwelling devices. IVC filters are 
placed to minimize the risk for pulmonary embolus arising 
from the migration of deep vein thromboses from the lower 
extremities or pelvic veins. Indications for IVC placement 
include high risk for pulmonary embolism, failure of anti-
coagulation or contraindications for anticoagulation, and 
allergy to anticoagulants. Both removable and permanent 
filters are available and can be placed via transfemoral or 
transjugular approach. For the most part, these procedures 
require little or no sedation; however, patients who cannot 
lie flat or with extreme anxiety will need anesthesia sup-
port. Pulmonary arteriography is used less frequently than 
in the past because of the speed and reliability of pulmonary 
CTA; however, the procedure is useful to evaluate pulmo-
nary hypertension.52 This modality is also useful for diag-
nosis and treatment of pulmonary and bronchial AVMS 
and pseudoaneurysms.

Fistulograms, graftograms, and tunneled hemodialysis 
(HD) lines, grouped collectively as hemodialysis vascular 
access procedures, represent a unique type of vascular inter-
ventional case and a large percentage of IR caseload. Their 
uniqueness derives from the fact that the patient population 
is entirely comprised of those with end-stage renal disease 
(ESRD). These patients often require multiple interventions 
in the maintenance of their dialysis access lines. Vascular 
access dysfunction may be due to failure of maturation of an 
arteriovenous (AV) fistula, excessive bleeding or increased 
pressures during dialysis, or clotted vascular access. As a 
result, these patients require both diagnostic procedures 
such as fistulograms and therapeutic interventions such as 
balloon angioplasty and thrombectomy.53 Anesthesia care 
is needed as ESRD is rarely an isolated medical condition 

and this patient population tends to have multiple complex 
medical comorbidities that are often not optimized. Patient 
evaluation is like any procedure requiring anesthesia care 
with special consideration placed on volume status, serum 
potassium level, and electrocardiograph (ECG) changes. 
Patients with dysfunctional access require special atten-
tion to these parameters, as dialysis runs are often subop-
timal. Care must be taken to weigh the risks and benefits 
of proceeding with borderline high potassium levels versus 
postponing the case and asking for a temporary dialysis line 
to get potassium to reasonable levels. Sedation is adequate 
in most cases. However, angioplasty can cause extreme 
discomfort for some patients, especially in cases where 
access is distally located (radiocephalic fistulas). Regional 
anesthesia techniques can be tailored for these cases but 
care must be taken as these patients are often on chronic 
anticoagulation. For patients unable to lie flat, ramping can 
be useful. Most patients have a history of prior anesthetics 
and this can guide future anesthetic plans. Procedure dura-
tion can range from very short (<30 minutes) to very long 
(several hours or more) depending on whether there are 
multiple stenotic areas or whether thrombectomy needs 
to be performed. Thrombectomies present a special consid-
eration as declotting procedures use r-tPA. Thrombus can 
be dislodged from the fistula/graft and travel into the cir-
culation. Patients with severe pulmonary hypertension or 
right ventricle failure should be considered for open surgi-
cal thrombectomy.54!

BILIARY AND HEPATIC INTERVENTIONS

Procedures to treat biliary or hepatic pathology are par-
ticularly challenging in that they are painful, intricate, and 
technically demanding. Patients are often extremely com-
promised. Hepatic and biliary procedures include transhe-
patic cholangiography, percutaneous transhepatic biliary 
drainage, hepatic venography with hemodynamic mea-
surement, liver biopsy and the creation of TIPS, and portal 
vein embolization (PVE). Patients scheduled for biliary pro-
cedures may present with jaundice, cholangitis, shock, bile 
duct leak, or other related abnormalities. Clearly, significant 
comorbidities accompany these disorders. Contraindica-
tions for these procedures include bleeding diathesis, inabil-
ity to tolerate contrast, and the presence of large hepatic 
AVMs, significant ascites, and hydatid disease.

Biliary drainage is accomplished by placing the patient 
supine on the table and inserting a long needle obliquely 
into the hepatic parenchyma (the ninth intercostal space). 
Contrast is delivered with the goal of imaging the necessary 
structures. Cholecystostomy tube placement is performed 
to improve symptoms in patients with acute cholecystitis 
but who are not candidates for surgery. Here, the gallblad-
der is imaged with ultrasound, CT, or fluoroscopy; the gall-
bladder is accessed through a needle that traverses the liver; 
and a drainage catheter is placed. For these procedures, the 
choice of anesthetic depends entirely on the patient’s body 
habitus, comorbidities, and pain tolerance. Obese patients 
are difficult to image, and optimization of needle position 
also can be difficult. Patients may present with a history 
of tolerance to opioids and with compromised metabolism, 
which requires careful choice of drugs. Regional anesthe-
sia may be useful for procedural or postprocedural pain 
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management.55 Lying flat may be difficult for patients with 
pulmonary compromise or ascites.

Hepatic venography and hemodynamic assessment are 
performed to assess suspected venous anomalies (Budd-
Chiari) and quantitation of portal hypertension. Liver biop-
sies can be performed during these procedures. Access for 
these procedures is usually transjugular and involves nee-
dle insertion followed by wire access and insertion of a long 
vascular sheath. Many patients find this extremely difficult 
to tolerate. Hepatic venography and pressure monitoring is 
done through an angled catheter before it is advanced to 
wedge in the hepatic vein. A calculation of corrected sinus 
pressure, the difference between free pressure and wedge 
pressure, defines the degree of portal hypertension.56 The 
creation of a portosystemic shunt requires positioning of a 
needle advanced through the hepatic parenchyma and into 
the portal vein. The parenchymal tract is dilated with an 
angioplasty balloon and a stent is inserted. This is a painful 
and difficult procedure, vastly oversimplified for clarity. It 
may be quite lengthy and general anesthesia is advisable. 
Indications for the creation of TIPS include repeated esoph-
ageal variceal bleeding refractory to medical treatment and 
intractable ascites. It is often used as a bridge to liver trans-
plant. Relative contraindications to this procedure include 
preexisting hepatic encephalopathy and ongoing alcohol 
abuse, which preclude liver transplantation. In elective 
situations, significant pulmonary hypertension, valvular 
heart disease, and congestive heart failure are contraindi-
cations to this procedure.57 TIPS can be performed emer-
gently in patients with end-stage liver disease as a way to 
treat ongoing bleeding. The risk for bleeding from TIPS is 
high and a blood bank sample should always be obtained. 
Adequate access and blood products, including fresh fro-
zen plasma (FFP) should be secured. PVE is a relatively new 
technique designed to reduce blood flow in hepatic seg-
ments containing tumor while encouraging hypertrophy 
of remaining hepatic tissue. The goal is to improve survival 
among patients undergoing resection of hepatic neoplasms 
by increasing postsurgical hepatic tissue mass. Emboliza-
tion is accomplished with portal vein angiography and 
coils. Postprocedure pain can be significant. Acute compli-
cations include bleeding, bile leak, pleural insults, and con-
trast reactions.!

GASTROINTESTINAL AND GENITOURINARY 
INTERVENTIONS

Interventional radiologists perform direct-access GI pro-
cedures, the most common of which is the percutaneous 
gastrostomy tube (G-tube). Other variants include cecos-
tomy and jejunostomy tubes. For G-tube placement, the 
stomach is distended with air via a nasogastric (NG) tube 
or a small French catheter and glucagon administered to 
decrease gastric emptying. Subsequent gastropexy is per-
formed by some practitioners as a means of stabilizing the 
stomach; the stomach is entered with a needle and a wire 
and an appropriate tube is inserted and placed in the proper 
location. Acute complications include bleeding, violation of 
adjacent structures, and peritonitis. In many cases, these 
procedures can be tolerated with sedation except in situa-
tions where patients are at high risk for gastric aspiration 
(e.g., esophagectomy).

Genitourinary (GU) procedures in the radiology suite 
focus on obtaining direct access to the renal collecting sys-
tem. Dilation and stenting can be performed, and suprapu-
bic cystostomy is also a procedure commonly performed in 
radiology suites. Nephrostomy tube placement is performed 
to divert urine in the face of obstruction from stones, tumor, 
or other obstructive pathology. In general, the technique 
involves injecting contrast medium, identifying the renal 
pelvis, accessing it, and inserting a tube.58 Prone position-
ing of the patient is preferred, which generates an atten-
dant list of potential anesthesia concerns including airway 
issues, pain management, access, and more. In formulating 
the anesthesia plan, one must carefully weigh the risks and 
benefits of prone sedation versus general anesthesia. Fac-
tors to take into consideration include patient body habi-
tus and hemodynamic condition, proceduralist skill, and 
duration of procedure (e.g., accessing a dilated renal pelvis 
in a thin patient may be quicker than in a morbidly obese 
patient).!

PERCUTANEOUS INTERVENTIONS FOR 
ONCOLOGY

Interventional oncology is a rapidly expanding area and is 
revolutionizing oncologic care. These treatment modalities 
are gaining momentum over surgical interventions. Imag-
ing guidance is achieved via CT, ultrasound, or fluoroscopy. 
Transarterial chemoembolization and percutaneous abla-
tions (with microwave or to a lesser extent radiofrequency, 
laser, cryoablation, or alcohol) can be directed at tumors 
and image-guided insertion of radioactive materials can be 
performed. Commonly, hepatic, kidney, lung, and adrenal 
lesions are targeted. Complications are similar to those of 
other percutaneous interventions. Positioning depends on 
the site to be accessed. Anesthesia services are frequently 
used as these patients are truly high risk for surgical inter-
vention. General anesthesia works best as the interventions 
may be intermittently painful, control of breathing may 
be optimal, and patient cooperation may not be compat-
ible with the level of sedation required.59 Postprocedure 
patients can experience pain, malaise, and nausea and 
vomiting, as part of a postembolization syndrome or post-
ablation syndrome. High-dose steroids can be beneficial in 
prophylaxis and non-opioid analgesics can be beneficial in 
treating symptoms.60,61!

Procedures Guided by Computed 
Tomography, Positron Emission 
Tomography, and Magnetic 
Resonance Imaging

COMPUTED TOMOGRAPHY

CT is now a commonly used guidance modality for a broad 
array of percutaneous interventions, and CT fluoroscopy, 
which combines the improved imaging capacity of CT with 
the real-time imaging of fluoroscopy, is also widely used. CT 
is used to guide both diagnostic and therapeutic procedures. 
Diagnostic undertakings include biopsies and drainage of 
fluid collections; therapeutic interventions include tumor 
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ablation and injections for pain management. Procedures 
occurring in the CT suite encompass the usual constraints 
of radiation exposure on operators and anesthesiologists; 
patients are at risk for bleeding and contrast reaction. In 
addition, some special preprocedural considerations are 
important. Obese patients may not fit inside the scanner, 
and longer needles and drains may be needed. Position-
ing in the scanner may be difficult, and the usual airway 
considerations apply, especially because it is nearly impos-
sible for the anesthesiologist to have continuous access to 
the head. For the most part, biopsies performed under CT 
guidance can be accomplished with sedation, but when the 
stimulation is intense, repeated breath-holds are required, 
or when the procedure is complex, general anesthesia may 
be needed. For patients with significant comorbidities (obe-
sity, pulmonary or cardiac compromise, chronic pain, or 
history of difficult intubation), securing the airway before 
the procedure is prudent.

Computed Tomography–Guided Biopsies
CT guidance is useful for obtaining biopsy tissue for cyto-
logic or histologic examination. Needles range from 25 to 
18 gauge, and the patient is positioned to minimize the 
distance from skin to lesion and to maximize the safety of 
the approach. Liver biopsies are usually performed with 
the patient supine or slightly oblique, and retroperitoneal 
masses may require lateral decubitus or prone position-
ing. For the most part, it is helpful to the interventionalist 
if the level of sedation remains consistent throughout the 
procedure, so that large shifts in target location resulting 
from alterations in ventilation do not occur. However, 
levels of stimulation during these procedures can vary 
tremendously, presenting considerable challenge to the 
anesthesiologist if general anesthesia is not planned. Post-
procedure bleeding can occur for these patients, especially 
those with bleeding diathesis (e.g., cirrhosis); thus, obtain-
ing a blood bank sample is reasonable. Biopsies of carcinoid 
or adrenal tumors can be equally problematic, whether in 
the radiology suite percutaneously or in the OR. In both 
cases, stimulation of hormone release can precipitate severe 
hypotension or hypertension, which can be difficult to 
manage. If pheochromocytoma or carcinoid are suspected, 
pretreatment should be considered.!
Computed Tomography–Guided Therapeutic 
Interventions
CT-guided therapeutic interventions include catheter 
drainage, ablation of tumors, and injections for pain man-
agement. Anesthetic planning for these procedures requires 
understanding of patient comorbidities and the techniques 
of the interventionalists. Excellent communication between 
anesthesiologist and interventionalist is needed for coordi-
nation of procedure and anesthetic because unanticipated 
patient movement or interventional shortfall can have 
drastic consequences for procedural outcome.!
Catheter Drainage
CT-guided abscess drainage has become common. Options 
include the modified Seldinger and trocar techniques. 
Although local anesthesia may suffice for superficial col-
lections, the insertion or dilation phase of the needle or 
trocar and the subsequent anticipated trajectory required 

for deeper fluid collections may be quite painful. Before the 
procedure, the proceduralist and anesthesiologist should 
discuss the intended approach, potential anesthetic choices, 
and backup planning for transitioning to a deeper plane 
of sedation or anesthesia. Preemptive planning can make 
the difference between a smooth procedure with a good 
outcome and a prolonged, difficult intervention. Anesthe-
siologists should be prepared to treat potential complica-
tions, which can occur as a result of injury of surrounding 
structures.!
Computed Tomography–Guided Ablation
A variety of ablation techniques are now used to target 
malignant neoplasms. Percutaneous injection of alcohol 
(95%) or phenol (6%) is used to target tumors. Alcohol 
can be instilled using needles or catheters, but the injec-
tion is usually quite painful. Large volumes of alcohol or 
inadvertent injection into a vascular structure can cause 
tachycardia and respiratory depression. These techniques 
are older and not as frequently used. More popular abla-
tion techniques involve the use of radiofrequency abla-
tion, cryoablation, and microwaves. These procedures 
may be lengthy because they involve precise placement 
of applicators for the delivery of the ablation tool, what-
ever that may be. Reproducible breath-holds may be 
needed to facilitate placement. Radiofrequency ablation 
induces coagulative necrosis at temperatures above 50°C; 
the heating process can produce pain, whereas cryoabla-
tion is a less painful procedure.62,63 As stated previously, 
postablation syndrome can occur and is characterized by 
fever, malaise, nausea, vomiting, and right upper quad-
rant pain. Dexamethasone may be helpful in prophylaxis. 
Regional techniques can be used for primary anesthetic 
and for postprocedural pain.64!
Computed Tomography–Guided Injections for 
Pain Management
Procedures for pain management include phenol and alco-
hol injections into a plexus, ganglion, or nerve. Neurolysis 
is the intended outcome. Injection of steroids into joints for 
local pain management and mitigation of inflammatory 
processes is also performed. Many patients requiring these 
procedures are tolerant to pain medication. Body habitus 
may be an important factor in these patients as well, and 
depending on the source of pain, patients with cancer may 
be especially challenging in terms of attendant comorbidi-
ties. Most often these are palliative procedures. Discussion 
frequently revolves around addressing advanced direc-
tives prior to start of anesthesia.!

POSITRON EMISSION TOMOGRAPHY 
AND POSITRON EMISSION TOMOGRAPHY 
COMPUTED TOMOGRAPHY

PET is an imaging technique used for diagnosis, staging, 
and follow-up of malignancies. Scanning is undertaken 
after injection of a radiolabeled glucose analogue fluo-
rodeoxyglucose (18F-FDG), which is taken up by malig-
nant cells preferentially and is not metabolized, thereby 
serving as a tumor marker. FDG-PET is used to distin-
guish benign from malignant lesions, identify metaboli-
cally active portions of necrotic tumors, and monitor 
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responses to treatment. The combination of PET/CT pro-
vides both the metabolic information of PET and the ana-
tomic precision of CT. PET/CT-guided intervention is an 
emerging modality.65 For these procedures, patients are 
imaged beginning 60 minutes after injection. Imaging 
may require serial positioning, during which PET and CT 
images are acquired sequentially, so care must be taken 
to maintain consistent patient positioning throughout 
the image acquisition so that misregistration of image 
overlap does not occur. PET scanners include a long, 
mobile gantry that both limits access to the patient and 
requires that monitoring equipment be long enough to 
accommodate motion of the table.

Hence, PET/CT suites represent another potentially 
challenging anesthetizing location. Whenever possible, 
anesthesiologists should be involved in the planning of 
these suites because wall-mounted gases, suction, and 
installed monitoring equipment must be strategically 
placed. It is likely in the future that PET will be used to 
augment CT-guided interventions; therefore, planning a 
space that will allow inclusion of anesthesiology equip-
ment will ensure uneventful interventions and optimal 
outcomes.!

MAGNETIC RESONANCE–GUIDED 
INTERVENTIONS

MRI is an ionizing radiation-free technique that uses mag-
netic fields and radio waves to create images. The quality 
of soft tissue images generated by MRI surpasses that of 
ultrasound or CT. MRI is still largely a diagnostic tool but 
is emerging as an interventional modality as well. Because 
MRI can acquire multiplanar, temperature-sensitive, 
and contrast-enhanced images, complete visualization of 
interventional implements such as wires or needles is pos-
sible.58 Image quality is proportional to magnet strength. 
Field strength, measured in Tesla units, ranges from low 
(0.1-0.5 T), medium (0.5-1.0 T), high (1.5-3.0 T), and 
ultrahigh (>3.0 T). Imaging sequences can be manipulated 
to highlight tissue characteristics based on water content, 
vascularity, and presence of hemosiderin. The superiority 
of MRI-generated soft tissue images facilitates biopsy and 
ablation of structures that evade CT or ultrasound.59

Physical Constraints of Magnetic Resonance 
Imaging Suites
All equipment used in the MRI suite must be MRI compat-
ible meaning that the equipment will not cause harm to 
the patient, affect image quality, or be affected by the MRI 
scanner. Objects containing iron or stainless steel become 
mobile projectiles in an MRI suite because of the magnetic 
field regardless of their size. Therefore, special care must 
be taken to ensure that all equipment used in an MRI suite 
is unaffected by magnetic attractive forces, heating, or 
current induction. Similarly, patients themselves must be 
screened. Any implanted devices must be assessed for MRI 
compatibility. Patients with pacemakers, implantable 
cardioverter-defibrillators (ICDs) (see also Chapter 38), 
cochlear implants, pumps, nerve stimulators, or other 
metal objects such as aneurysm clips, metal fragments, or 
bullets, should not be scanned. These objects are subject 
to heating and movement. Increasingly, vascular clips, 

staples, orthopedic implants, heart valves, pacemakers, 
and other prostheses are non-ferromagnetic and scan-
ning of patients with these implants is possible. Monitor-
ing devices are increasingly available in MRI-compatible 
format, as are interventional equipment, surgical equip-
ment, and anesthesia equipment.66 Detailed informa-
tion regarding MRI safety is available in Chapter 89 and 
elsewhere.

Claustrophobic or large patients may be unable to 
tolerate being inside of an MRI machine, making even 
diagnostic procedures difficult for them. Newer MRIs 
combine a wider bore with high-field systems, improv-
ing accessibility and making it easier for patients to tol-
erate procedures. Because interventional MRI requires 
constant movement in and out of the scanner, typical 
interventions take much longer than the same proce-
dures done elsewhere. Emergencies must be planned for 
because the MRI interventional suite may be isolated, 
and conventional emergency equipment may not be MRI 
compatible. Even a standard laryngoscope can become a 
deadly missile in an MRI suite.!
Magnetic Resonance Imaging–Guided 
Interventions
In cases in which CT is inadequate, MRI may be useful 
because of its multiplanar capability. MRI has been used 
to guide breast and prostate biopsies and biopsies of other 
tumors not well visualized by other means. For the most 
part, local anesthesia and sedation suffice for these pro-
cedures. Tumor ablation using cryoablative technology 
can be performed in the MRI suite. This procedure can be 
done with ultrasound or CT as well, and the choice of MRI 
as an imaging modality indicates the need for precise soft 
tissue imaging. MRI also provides better visualization 
of tissue during freezing and thawing than CT or ultra-
sound, and MRI-guided cryoablation is safe and effective 
for liver, kidney, breast, and prostate tumors and in the 
treatment of uterine fibroids.67 For these cases, repeated 
breath-holds may be needed, and the procedures may 
be lengthy. Pain is not uncommon during freezing and 
heating of tissues; therefore, general anesthesia may be 
required.

Bleeding is the most common complication after some 
of these procedures (also see Chapter 50). Thrombocy-
topenia is a rare but serious complication of extensive 
liver ablation. Extensive ablations can also induce myo-
globinemia or myoglobinuria. Cryoablation of adrenal 
lesions can induce hypertensive crises as normal adrenal 
tissue responds to thawing.68 MRI can facilitate the use 
of focused high-intensity ultrasound therapy by provid-
ing more precise imaging. Clinical trials of this technique 
are in progress. Temperature-sensitive MRI images can 
assess dosage of ultrasound and gadolinium-enhanced 
MRI images can assess tissue response. MRI offers many 
potential advantages that may broaden the scope of cur-
rent interventional procedures because of its capacity to 
provide improved imaging over that available with CT or 
ultrasound. The need to develop MRI-safe environments, 
equipment, and monitoring and to understand the limita-
tions of sedation and need for anesthesia during long and 
uncomfortable procedures are the next steps in extending 
the usage of this modality.!
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Image-Guided Procedures for 
Specialty Areas: Neuroradiology 
and Interventional Cardiology

Neuroradiology and interventional cardiology are considered 
here as specialties because they each mirror areas that anes-
thesiologists have also chosen to designate as areas of special-
ization or fellowship training (neuroanesthesia and cardiac 
anesthesiology) (see also Chapter 57). The language of neu-
rology, neuroradiology, cardiology, and interventional cardi-
ology is part of the language of neuroanesthesia and cardiac 
anesthesia. Thus, a platform for clear communication exists 
and should be used to optimize procedural outcome. Of course, 
as mentioned earlier in this chapter, common vocabulary is 
necessary but not sufficient; mutual respect, a culture of safety 
and learning, and a functional teamwork structure are impor-
tant elements of a successful unit.

Advances in neuroradiology and interventional cardiol-
ogy have been incredibly rapid—technology has developed 
and target patient populations have broadened. In both these 
areas, percutaneous approaches to formerly surgical prob-
lems have multiplied, as has the potential for the involvement 
of anesthesiologists. In many ways, the development of new 
techniques represents a “disruptive technology”69 within the 
field of medicine that promises to further blur distinctions 
between medical and surgical treatments. The unpredictable 
and demanding new landscape of novel interventional cases 
is the future of the practice and the success of these new, cut-
ting-edge interventions relies on our adaptability.!

Procedures in the Neuroradiology 
Suite

The field of interventional neuroradiology has grown 
broadly and rapidly as a result of technological advances 
in devices (catheters, coils, and stents), improved imaging 
techniques, and safer contrast media (see also Chapter 57). 
Cerebral angiography remains the gold standard for imag-
ing the cerebral vasculature. Diagnostic cerebral angiog-
raphy usually can be performed with conscious sedation 
while interventional procedures require a broad range 
of anesthesiology care due to the complexity of the tech-
niques, need for a still patient, and long procedure duration. 
Certain procedures generate hemodynamic perturbations 
that require management by the anesthesiologist. On the 
other hand, some procedures (i.e., carotid stenting) can be 
done with the patient awake, to facilitate neurologic assess-
ment. Anesthesia for each of these procedures must be con-
sidered in concert with patient comorbidities and status on 
a case-by-case basis. Although the technical details of neu-
roradiology procedures are beyond the scope of this chapter 
(see Chapter 57), the basic focus and required steps in com-
monly performed interventions are outlined here.

GENERAL CONSIDERATIONS FOR 
ANESTHESIOLOGISTS IN THE INTERVENTIONAL 
SUITE

As with other areas outside of the OR, physical charac-
teristics of the interventional suite affect the practice of 

anesthesia (see also Chapter 39). Equipment makes access 
to the patient’s head difficult and radiation exposure must 
be considered as these procedures emit large amounts of 
radiation due to bi-plane imaging techniques. In addition, 
contrast reactions must be anticipated. Because of the 
intricacy of the procedures, uncooperative patients and 
those with impaired consciousness or movement disorders 
should be considered candidates for general anesthesia. If 
time permits, arterial lines are advisable; if not, the neu-
rointerventionalist can upsize a femoral sheath to permit 
arterial monitoring. Other neuromonitoring technologies 
can be helpful as indirect measures of cerebral perfusion; 
electroencephalography and somatosensory, motor, and 
brainstem evoked potentials have all been studied in this 
regard. Many neuroanesthesiologists use opioids, avoiding 
inhalational agents because of their confounding effects on 
electroencephalography and evoked potentials. As in the 
OR and other non-OR sites, the anesthesiologist and proce-
duralist need to be aware of each other’s plan, progress, and 
complications.!

ENDOVASCULAR TREATMENT OF CEREBRAL 
ANEURYSMS

Endovascular treatment of cerebral aneurysms achieves 
percutaneous isolation of aneurysms from the circulation 
by placement of a soft platinum coil within the aneurysm 
(see also Chapter 57. Intraaneurysmal embolization may 
require the placement of several coils. Coiling procedures 
are least complex in aneurysms with a small, narrow neck. 
Coiling of wide-necked aneurysms requires the introduction 
of a stent with the coil subsequently introduced through the 
stent.51 Stent implantation, which requires preprocedure 
and postprocedure anticoagulation, increases bleeding 
risk; therefore, stent-assisted coil embolization is limited to 
unruptured aneurysms. Endovascular treatment with coils 
demonstrated better outcomes than surgical clipping in 
patients who sustained a subarachnoid hemorrhage related 
to an aneurysm, but clipping improved resolution of cranial 
neuropathies.70

Complications include aneurysm rupture or thromboem-
bolism. If rupture occurs, heparin should be reversed with 
protamine (1 mg/100 IU heparin) and the arterial blood 
pressure decreased by the anesthesiologist. The usual course 
of action is to continue the coiling as quickly as possible. 
Thromboembolic events, usually platelet related, occur in 
3% of cases and cause permanent neurologic deficit in 1.7% 
to 5% of cases 71 (see also Chapter 50). If a thromboembolic 
event occurs, the proceduralist will make an attempt to dis-
solve or remove the clot with either a mechanical device or 
the intraarterial administration of a thrombolytic or anti-
platelet agent.

Some aneurysms have no neck or are inaccessible. This 
is the case most commonly with cavernous, petrous, extra-
cranial vertebral, internal carotid, or giant aneurysms of 
the subarachnoid space. Treatment of these aneurysms 
requires parent artery occlusion, which is possible only if 
good collateral flow exists. This requires a preliminary pro-
cedure known as a parent artery balloon test occlusion.72 
It involves first advancing a wire to the site of the proposed 
artery sacrifice. A neurologic examination is then per-
formed, heparin is administered to prolong the activated 
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clotting time, and a balloon is inflated to occlude the artery. 
Neurologic examination follows. In some institutions radio-
nuclide enhanced cerebral vascular studies are undertaken. 
If the patient tolerates occlusion, coiling may proceed. If 
not, a surgical intracranial bypass may be required.!

ENDOVASCULAR TREATMENT OF 
ARTERIOVENOUS MALFORMATIONS

AVMs in the brain are an area of direct connection between 
small arteries and the venous system without normally 
intervening capillaries. The usual presentation of this lesion 
is intracranial hemorrhage. Patients with AVM must be 
angiographically evaluated for the presence of associated 
aneurysms. This evaluation involves catheterization of 
selective feeder arteries to determine the precise source of 
the hemorrhage. Current therapy for cerebral AVM includes 
embolization, microsurgical resection, stereotactic radio-
surgery, or combination treatment. Embolization preceding 
surgery can minimize bleeding and reduce AVM size. Small 
AVMs may be appropriate for endovascular treatment. 
Techniques for embolization of AVMs in the neuroradiology 
suite include the use of flow-directed microcatheters, solid 
occlusive devices, particulates, and liquid embolic agents. 
Complications include embolization of post-AVM vessels 
precipitating rupture, passage of embolic material into the 
pulmonary circulation, and microcatheter entrapment.73!

Interventional Neuroradiology: 
Acute Stroke Treatments

Acute embolic stroke treatment has evolved significantly 
over the last 10 years. Intravenous r-tPA treatment has 
been supplemented with intraarterial thrombolysis as it 
allows extension of the treatment time window from 3 to 
6 hours, delivers a higher concentration of lytic drug to the 
target vessel, yields higher recanalization rates, and can be 
combined with other interventional techniques.

Initially, a detailed cerebral angiogram is obtained 
and the level of occlusion is identified. A microcatheter is 
inserted over a microguidewire, contrast is injected, and the 
clot is localized. At this point, r-tPA is injected beyond the 
clot and the catheter is pulled back through the thrombus. 
If the occlusion persists, mechanical means of clot disrup-
tion or extraction are considered. This must be undertaken 
within 8 hours of the event. Several devices are available 
for retrieval or aspiration. Stent placement or angioplasty 
is also possible. A recent study of thrombectomy in patients 
treated within 8 hours demonstrated a recanalization rate 
of 57.3% of treatable vessels and 69.5% after adjunctive 
therapy. Thirty-nine percent of patients had favorable out-
comes.74 The therapeutic window available for interven-
tions is 6 hours after the patient was last seen as normal for 
intraarterial thrombolysis and 8 hours for mechanical clot 
disruption. The recently published DAWN trial showed that 
the time window for endovascular thrombectomy may be 
extended to 24 hours with certain selection criteria.75

Patients presenting with acute stroke can range in pre-
sentation from relatively stable to severely compromised. 
Often the anesthesia team has little time to gather preop-
erative information. Evidence from studies suggests that 

anesthetic choice may have an impact on neurological 
outcomes. General anesthesia may provide comfort and 
an immobile patient; however, it can also prolong time to 
treatment and produce unfavorable hemodynamic per-
turbations. Monitored anesthesia care, on the other hand, 
allows for quicker intervention and fewer hemodynamic 
swings; however, patients may be uncooperative and at risk 
of aspiration as the airway is not protected. To date there 
are no randomized controlled trials, but retrospective stud-
ies suggest that sedation may offer improved neurological 
outcomes.76 Anesthetic choice should first and foremost be 
guided by the patient’s condition and tailored to each indi-
vidual situation.

Invasive blood pressure monitoring is preferable and can 
be obtained after the procedure is started as long as it does 
not delay time to treatment. If intracranial pressure is an 
issue, a bolt or extraventricular drain may be necessary to 
measure intracranial pressure during the procedure.!

Interventional Cardiology 
Procedures: General Considerations 
for the Electrophysiology and 
Catheterization Laboratories

For the past 20 years, medicine has witnessed a crescendo 
of new procedures in electrophysiology and interventional 
cardiology. In parallel, the need for anesthesiology involve-
ment has increased. For instance, the electrophysiology 
laboratory now offers expanded treatment options for 
patients with late-stage heart failure and complex arrhyth-
mias. Because many of these procedures are long and 
involved, most are performed with general anesthesia or a 
combination of sedation and general anesthesia. Similarly, 
percutaneous treatment of structural heart disease has 
become part of the repertoire of interventional cardiologists 
creating new and exciting opportunities for cardiac anes-
thesiologists. The opportunity to provide real-time echocar-
diographic guidance represents a new horizon for cardiac 
anesthesiologists who can now care for structural heart dis-
ease patients as co-proceduralists (further discussed in the 
addendum to this chapter).

Many patients in both the electrophysiology and cath-
eterization laboratories have significant comorbidities. The 
proceduralists involved may be unaware of the ramifica-
tions for procedural success. In this new and challenging 
arena, collaboration and planning between interventional-
ist and anesthesiologist are required to ensure patient safety 
and optimize outcome. A clear understanding of the proce-
dure to be performed, possible pitfalls, and unique patient 
characteristics is necessary for the formulation of a safe and 
effective plan. As always, a common knowledge base and 
vocabulary facilitate integration of care.

THE ELECTROPHYSIOLOGY LABORATORY 
ENVIRONMENT: UNIQUE CHALLENGES FOR 
ANESTHESIOLOGISTS

This section presents an overview of electrophysiology lab-
oratory environments, the evolution and future pathways 
of current practices, cases performed in each venue, and 
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current anesthetic approaches. Common electrophysiol-
ogy laboratory procedures include the following (see also 
Chapter 38):
  

 1.  Electrophysiology studies
 2.  Atrial and ventricular ablation procedures
 3.  Implantation and removal of cardioverter-defibrillator 

and pacing devices
  

Invasive cardiology procedures performed in the cardiac 
catheterization laboratory include the following:
  

 1.  Diagnostic cardiac catheterizations and coronary inter-
ventions

 2.  Peripheral vascular diagnostic and therapeutic proce-
dures

 3.  Implantation of intraaortic balloon pumps (IABPs) and 
percutaneous left ventricular assist devices

 4.  Amelioration of structural heart disease by the place-
ment of intracardiac devices

  

These procedures potentially require the involvement of 
anesthesiologists if the patient has significant comorbidities. 
However, some ablations and electrophysiology studies and 
some device implants and removals can be performed with 
nurse-administered sedation. Some procedures are lengthy 
and technically demanding and require that the patient be 
still; in such situations, preservation of hemodynamic sta-
bility and need for a motionless field may indicate the need 
for a general anesthetic.

The electrophysiology and catheterization laboratory 
environments differ significantly from the OR. It is impor-
tant for anesthesiologists to recognize the limitations of the 
venue and understand the flow of cases and responsibilities 
of ancillary personnel. Innovation and flexibility are neces-
sary with respect to equipment availability and positioning, 
and the nature and tempo of the anesthesiology-cardiology 
interface.

Room Configuration and Equipment Layout
Electrophysiology and catheterization laboratories are 
built with separate control stations and procedure rooms. 
The control area is shielded from radiation and is the van-
tage point from which the progress of the procedure can be 
recorded. An operator may record procedural and patient 
monitoring data as well as video and audio information. 
The operator may also engage in digital record keeping. The 
ability to manipulate anesthetic equipment is typically not 
included in the array of controls in the station.

Within the procedure room itself, cardiologists, anesthesi-
ologists, nurses, and radiology technicians contribute to the 
care of the patient during the procedure. It can be daunting 
to know who is who and who is responsible for what; thus, 
it is best to ask if unsure. In an emergency, understanding 
who is in charge of a life-saving therapy (i.e., the defibrilla-
tor) can eliminate confusion and save lives.

The procedure room includes fluoroscopy equipment 
(x-ray tube and C-arm), which usually surrounds the 
patient’s head making access difficult. The procedure table 
is mobile and screens for viewing the procedure are typi-
cally at 90 degrees to the anesthesiologist. Sterile tables for 
the cardiologist, closets or portable storage units for various 
catheters and wires for the procedures, and blood analysis 
machines may take up a significant amount of space, which 

can make the inclusion of anesthesia equipment (machine, 
cart, pumps, monitors) challenging. Ceiling lead screens 
and procedure table lead skirts are typically not avail-
able to the anesthesiology team and thus protection from 
radiation often requires the use of portable lead screens 
wheeled between the anesthesia area and the fluoroscopy 
equipment.

The anesthesiologist should become familiar with the 
contents of each procedure room. Gas outlets and suc-
tion, monitors for vital signs, the cardioverter-defibrillator, 
emergency medications, and airway equipment are critical 
and may not be optimally or even obviously placed. Longer 
tubing or extensions may be needed for ventilator hoses, 
intravenous lines, and suction. Electrical outlets may not be 
sensibly located, requiring the use of extension cords. Other 
equipment frequently found in these rooms may include 
ventricular assist devices, IABP, device programmers, and 
echocardiography machines. Space can become an issue 
during complex cases when a plethora of equipment is 
needed.

The fluoroscopy table and fluoroscopy equipment are 
controlled by radiology technicians and cardiologists. 
These move during the procedure to facilitate imaging, 
sometimes with no warning. As with all NORA locations, 
the local availability of extra equipment and an emer-
gency airway cart becomes essential when the anesthe-
sia workroom is not nearby. With cardiac patients, time 
can be especially critical. An anesthesia cart stocked with 
intravenous lines, airway equipment, and essential medi-
cations is important in the electrophysiology and cath-
eterization laboratories. All personnel in the laboratory 
should be informed about the location and names of emer-
gency equipment, particularly when an anesthesiologist 
is working alone.!

Anesthesiologists in the 
Electrophysiology Laboratory

Clinical electrophysiology has redefined itself over the past 
20 years (see also Chapter 38). Advanced technology and 
increased demand have driven exponential growth in the 
number of electrophysiology procedures. Additionally, the 
scope of these procedures has also dramatically changed 
from simple diagnostic procedures to major life-saving ther-
apeutic interventions. More than 14 million Americans are 
affected by arrhythmias and approximately 6 million are 
affected by heart failure,77 many of whom require hospi-
talization and complex medical care. ICDs reduce mortality 
and morbidity in those with malignant tachyarrhythmias 
as well as in patients with a reduced ejection fraction,78 
and as a result, implantations and revisions of these devices 
have skyrocketed.79

The performance of many of these procedures frequently 
mandates the administration of general anesthesia because 
of procedure duration and patient comorbidities that 
increase the difficulty of tolerating a procedure with seda-
tion alone. Optimal anesthetic planning requires the anes-
thesiologist to integrate patient comorbidities, the nature of 
the arrhythmia, and the tempo and framework of electro-
physiology procedures. This section reviews the most com-
monly performed electrophysiology procedures.
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DIAGNOSTIC ELECTROPHYSIOLOGY STUDIES

Abnormal heart rhythms occur from many etiologies and 
range from being asymptomatic to creating hemodynamic 
instability and cardiac compromise. In general, these 
rhythms result in uncoordinated or ill-timed contractions 
and can be too slow or too fast. Bradyarrhythmias arise 
from either abnormal impulse generation or abnormal 
impulse propagation, and the disease may occur at the 
level of the sinus node, the atrioventricular node, or the 
His-Purkinje system. Tachyarrhythmias that are regular 
with a normal QRS include supraventricular tachycardias 
(SVT) such as atrial flutter, atrioventricular nodal reen-
try tachycardia (AVNRT), atrioventricular reciprocating 
tachycardia (AVRT), and atrial tachycardia. Supraven-
tricular tachyarrhythmias with a normal QRS that are 
irregular include atrial fibrillation and multifocal atrial 
tachycardia. Tachyarrhythmias with a wide QRS may still 
be reflective of a supraventricular tachyarrhythmia but 
with aberrancy due to a preexisting bundle branch block 
or may originate within the ventricle as a ventricular 
tachycardia (VT).80,81Arrhythmias can have many etiolo-
gies including overactive electrical foci or structural heart 
disease leading to scar-triggered electrical activity. Com-
mon electrophysiologic generators of arrhythmias include 
abnormal automaticity, anatomic reentry, and triggered 
activity.

These abnormalities can be identified with diagnostic 
electrophysiology studies, which are usually undertaken in 
conjunction with a therapeutic procedure to either treat a 
specific arrhythmia or place a device (see also Chapter 38). 
Diagnostic studies can determine the electrophysiologic eti-
ology of specific symptoms or events. Intracardiac record-
ings are made from catheters placed via femoral venous 
access into the high right atrium, bundle of His, coronary 
sinus, and right ventricular apex or right ventricular out-
flow tract. Arrhythmias are induced by programmed stim-
ulation.82 For these studies, sedation with benzodiazepines 
and short-acting opioids is usually sufficient. Drugs that 
may affect inducibility of certain arrhythmias should be 
avoided.!

CATHETER ABLATION

Treatment of certain arrhythmias may be accomplished 
using percutaneous catheter-based ablation techniques. 
Radiofrequency energy (thermal injury) and cryotherapy 
(cold-induced injury) are most commonly used for ablation; 
both energy sources can be painful when delivered to target 
tissues. Ablation techniques are used for arrhythmias that 
are refractory to pharmacologic therapy. These arrhyth-
mias may include SVTs such as AVNRT, Wolf-Parkinson-
White syndrome (antidromic AVRT), atrial flutter, and 
atrial fibrillation. With regard to atrial fibrillation: recent 
American College of Cardiology (ACC) and American Heart 
Association (AHA) Atrial Fibrillation Guidelines state that 
in patients with little or no left atrial enlargement, cathe-
ter ablation is a “reasonable alternative to pharmacologic 
therapy” to help prevent recurrence of atrial fibrillation.83 
Atrial fibrillation may be treated with pulmonary vein iso-
lation or, if complicated by an uncontrollable rapid ven-
tricular response, ablation of the atrioventricular node and 

placement of a permanent pacemaker. In select patients, VT 
can be treated with ablation as well, such as that arising 
from coronary artery disease or arrhythmogenic right ven-
tricular dysplasia.84

During ablation procedures, catheters are placed through-
out the cardiac chambers and programmed stimulation is 
performed from different sites to induce tachyarrhythmias. 
Complex mapping techniques localize the source of the 
arrhythmia to identify the exact intracardiac location to 
which the energy must be applied. Because of the precision 
required for mapping and the application of energy, a still 
field is required. Many catheter ablation procedures, such 
as atrial flutter ablations, can be performed with sedation; 
sedation may, in fact, be preferred as arrhythmias can be 
suppressed with general anesthesia. However, procedures 
such as atrial fibrillation ablations can require 4 to 6 hours 
of procedure time followed by a 30-minute observation time 
after ablation with repeat stimulation (sometimes with the 
application of pharmacologic agents such as isoproterenol 
or adenosine) to ensure success of the procedure.84 These 
longer procedures may be challenging to conduct with 
monitored anesthesia care as undersedation may result in 
back pain and patient movement, and oversedation may 
result in snoring or partial airway obstruction with resul-
tant swinging of the intraatrial septum making transseptal 
catheter placement difficult; hence, general anesthesia may 
be required for optimal procedural conditions and patient 
comfort.

The quest for a near static field has led to the rising use 
of HFJV, particularly in atrial fibrillation ablations because 
sustained contact between the catheter and the area 
around the pulmonary veins is often required. HFJV aims to 
eliminate cardiac translation in the thoracic cavity due to 
tidal ventilation and reduce the potential for catheter insta-
bility85; this technique may decrease procedure time,86 
though patient and proceduralist characteristics such as 
ejection fraction and case volume performed by the electro-
physiologist may be influential.87 HFJV typically requires 
monitoring of arterial CO2 either via arterial blood gas 
analysis or with intermittent traditional mechanical ven-
tilation to obtain an end-tidal CO2 measurement. Hyper-
carbia refractory to adjustments in jet ventilation settings 
may require a transition back to traditional ventilation. 
Due to the unpredictable delivery of volatile anesthetic with 
HFJV, total intravenous anesthetic techniques are typically 
necessary.

The anesthetic management of electrophysiologic abla-
tion procedures involves several other concerns.88,89 Paral-
ysis should be avoided during ablation so that phrenic nerve 
stimulation and activity can be used as an alert to avoid its 
injury; remifentanil or sufentanil infusions can be admin-
istered in this setting. The esophageal temperature should 
be monitored for conductive heat transfer to the esophagus, 
which can result in esophageal injury; the correct position 
of the temperature probe can be verified easily with fluoros-
copy. Radiofrequency (as opposed to cryotherapy) ablation 
may require irrigation, which can result in the adminis-
tration of a substantial amount of fluid to the patient over 
the duration of the case; a careful tally and regular assess-
ment of fluid balance may alert the anesthesiologist to the 
potential need for diuretic administration. Finally, cardiac 
tamponade may rarely occur as a result of ablation or wire 
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perforation; this uncommon complication should be con-
sidered in the differential of hypotension of unknown ori-
gin or with narrowing of the pulse pressure. A diagnosis of 
tamponade can be confirmed with ultrasound (transesoph-
ageal, intracardiac, transthoracic) and requires reversal of 
heparin with protamine, placement of a pigtail catheter for 
drainage, and the potential involvement of a cardiothoracic 
surgeon.

Arterial line monitoring may be necessary for VT abla-
tions due to the nature of the arrhythmia being induced. 
Arterial lines may not be required for other ablations (atrial 
fibrillation and other SVTs) unless desired for HFJV or for 
monitoring of patients with ventricular dysfunction, who 
may also require inotropic and vasoactive agents to main-
tain hemodynamic stability during arrhythmia induction. 
Close communication with the cardiologist is necessary in 
these situations. Frequently, electrical cardioversion is nec-
essary during these cases.!

ELECTROPHYSIOLOGIC DEVICES

Devices for the treatment or control of arrhythmias have 
diminished in size and increased in sophistication over the 
past 10 years (see also Chapter 38). More patients qualify 
for device implants, and hence the number of procedures for 
implantations, revisions, battery changes, and upgrades of 
devices has grown. The two most common types of devices 
are ICDs and pacemakers.

Implantable Cardioverter-Defibrillators
ICDs have been demonstrated to be efficacious and safe in a 
number of large, prospective multicenter randomized trials 
in patients with and without coronary artery disease. ICDs 
have been found to be particularly beneficial in patients 
with depressed left ventricular ejection fractions (35% 
or less).90 The ACC, AHA, and the Heart Rhythm Society 
(HRS) guidelines detail the indications for ICD implanta-
tion and the conditions for which these devices prolong life 
and decrease the risk of sudden cardiac death.91 With the 
advent of smaller biphasic, transvenous ICDs and experi-
ence gained over the years, it is now feasible for electro-
physiologists to implant ICDs safely in the pectoral position 
in the electrophysiology laboratory. Local anesthesia com-
bined with conscious sedation is frequently used for these 
procedures. Defibrillation threshold testing may be per-
formed, and in these instances the role of the anesthesiolo-
gist may be crucial, particularly if patients have significant 
comorbidities. Testing the device requires deep sedation or 
general anesthesia and can be accomplished without an 
arterial line. External cardioverter-defibrillator pads are 
placed on the patient at the beginning of the procedure and 
serve as backup if the implanted device fails during the test. 
Defibrillation threshold testing is sometimes omitted due to 
elevated risk of the procedure in patients who may not have 
adequate physiologic reserve (such as those with untreated 
coronary artery disease). In addition, the newer ICDs may 
obviate the need for such maneuvers.

Subcutaneous ICDs (S-ICDs), which eliminate the need 
for transvenous leads, are also available for implantation. 
Although these devices detect and treat malignant VT and 
VF, they are incapable of providing anti-tachycardia pac-
ing, advanced diagnostics, or radiofrequency interrogation 

with remote monitoring, and therefore are not appropri-
ate for all patients. Implantation of these devices requires 
tunneling of a relatively large lead, which can be painful 
enough to require deep sedation or general anesthesia.92!
Pacemakers
Pacemakers may have one lead (typically right ventricu-
lar), two leads (right atrial and right ventricular), or three 
leads (right atrial, right ventricular, and left ventricular 
via the coronary sinus) for the purpose of providing coor-
dinated biventricular pacing for cardiac resynchronization 
therapy (CRT). CRT with and without defibrillation systems 
is prescribed for both primary and secondary prevention of 
sudden cardiac death in patients with heart failure associ-
ated with both an ischemic and nonischemic etiology. The 
ACC/AHA/HRS guidelines gave CRT with or without an 
ICD a class I indication for those with a left ventricular ejec-
tion fraction 35% or less with a QRS duration 120 ms or 
greater and drug-refractory New York Heart Association 
functional class III or IV heart failure who are receiving 
optimal medical therapy.91

While single and dual lead pacemaker placements may 
be accomplished with conscious sedation and standard 
monitors, the anesthetic strategy for the implantation of 
biventricular ICDs requires greater thought. CRT implan-
tation may be successfully accomplished with sedation but 
could require general anesthesia for a number of reasons. 
For example, the indications for CRT also function as signif-
icant patient comorbidities (e.g., ejection fraction less than 
35% secondary to coronary artery disease or valvular heart 
disease that could be associated with pulmonary hyperten-
sion and right ventricular dysfunction), which may impact 
on the safety of performing sedation. These procedures may 
be complex and lengthy because of difficulty in positioning 
the left ventricular lead into the coronary sinus and great 
cardiac vein in the setting of distorted ventricular anatomy 
due to cardiac dilatation and advanced heart failure. In 
addition, valvular regurgitation can complicate lead posi-
tioning. Finally, lead dislodgement may occur immediately 
after lead placement, especially in patients with a large cor-
onary sinus, further prolonging these procedures.

During any device placement, pneumothorax or coronary 
sinus perforation related to lead placement is possible. Cor-
onary sinus perforation can immediately be recognized by 
contrast extravasation. Perforation of the coronary sinus or 
cardiac perforation related to right atrial or ventricular lead 
placement may cause cardiac tamponade, necessitating 
immediate pericardiocentesis. Paralytics should be avoided 
as well, so that lead placement resulting in diaphragmatic 
pacing can be immediately identified and avoided.!

Anesthesiologists in the 
Catheterization Laboratory

Anesthesiology in the catheterization laboratory reflects 
the evolving range of therapies performed in this venue. 
Catheterization laboratories—initially the workplace of 
interventional radiologists (who were the “original” angi-
ographers)—are now home to interventional cardiologists, 
vascular surgeons, and others who practice a broad range 
of therapies. All of these practitioners use fluoroscopy and a 
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host of ever more sophisticated interventional technologies. 
Procedures can be peripheral or cardiac and range from the 
stenting of narrowed vessels to the implantation of pros-
thetic heart valves. Anesthesiology involvement ranges 
from providing monitored anesthesia care to providing a 
full cardiac anesthetic and performing transesophageal 
echocardiography (TEE) during the case.

PERCUTANEOUS CORONARY INTERVENTIONS

Percutaneous coronary interventional procedures for 
patients with both stable coronary artery disease and acute 
coronary syndromes have grown in the past 10 years. 
Percutaneous coronary interventions (PCIs) include coro-
nary angioplasty (mostly performed immediately before 
coronary stenting) with both bare metal stents and drug-
eluting stents, atherectomy procedures, and intracoronary 
thrombectomy procedures. PCI procedures are commonly 
performed in patients with 70% or greater intracoronary 
luminal atherosclerotic obstruction and myocardial isch-
emia in the context of stable coronary disease. The major 
benefit of PCI is to reduce or relieve symptoms of ischemic 
heart disease and increase aerobic capacity.93 No significant 
difference in total mortality, nonfatal myocardial infarction, 
or other major cardiovascular events were demonstrated 
between patients randomized to aggressive medical therapy 
versus aggressive medical therapy plus PCI angioplasty 
with bare metal stenting.94 But for patients who presented 
with acute coronary syndromes, PCI decreased mortality 
and recurrent myocardial infarction in contrast to medical 
treatment alone.95

PCIs can be performed with mild to moderate nurse-
administered sedation under the direction of the cardi-
ologist. Anesthesiologists are usually involved only when 
patients present with known severe comorbidities (e.g., 
oxygen-dependent COPD, opioid tolerance) or with the 
development of respiratory or hemodynamic compromise. If 
acute respiratory or hemodynamic decompensation occurs, 
anesthesiologists are often called emergently. In these cir-
cumstances, clear and direct communication with the car-
diologist is required and management decisions usually 
need to be made expeditiously. Information such as medica-
tions given, intravenous access, and stage of the procedure 
must be communicated. As mentioned previously, access to 
the patient’s head can be difficult due to x-ray equipment. 
If an airway needs to be established, it may be necessary 
to temporarily move the table and fluoroscopy equipment. 
Placement of an endotracheal tube is preferred to a LMA 
even in an elective situation because constant movement 
of the equipment can dislodge the LMA; however, an LMA 
can serve as a temporizing measure if placement of an endo-
tracheal tube is difficult. During PCI, patients can be in a 
highly anticoagulated state, and a bleeding difficult airway 
is a nightmare in this context.!

INTRAAORTIC BALLOON PUMPS AND 
PERCUTANEOUS VENTRICULAR ASSIST DEVICES

The IABP is a mechanical device inserted percutaneously into 
the aorta that increases myocardial oxygen delivery and car-
diac output. The balloon, sitting approximately an inch distal 
to the subclavian artery, inflates and deflates in diastole and 

systole, respectively, thereby delivering counterpulsation. 
This increases coronary blood flow and myocardial oxygen 
delivery and decreases afterload resulting in a rise in cardiac 
output. The balloon pump is controlled by a programmed 
console, which inflates the balloon at time intervals linked to 
either an electrocardiogram trace or a pressure transducer at 
the distal tip of the catheter. The placement of an IABP is usu-
ally successful under conscious sedation unless the patient 
is compromised from a hemodynamic or respiratory stand-
point, in which case the team may seek assistance from an 
anesthesiologist.

Percutaneous ventricular assist devices (PVADs) can 
provide cardiac output support during high-risk PCI or 
cardiogenic shock associated with myocardial infarction. 
Several types of PVADs are available. The TandemHeart 
device (CardiacAssist, Philadelphia, Pennsylvania) is a per-
cutaneous left-atrial to femoral arterial bypass system con-
sisting of a transseptal cannula, an arterial cannula, and 
an externally located centrifugal blood pump, which can 
deliver flow rates of up to 4 L/min.96 An alternative percu-
taneous-based left ventricular assist device is the Impella 
(Abiomed, Danvers, Massachusetts), which comes in three 
sizes: 2.5, CP, or 5.0; cardiac outputs of either 2.5 L/min, 
4.3 L/min, or 5.0 L/min can be achieved with these devices, 
respectively.97 The Impella uses a cannula inserted retro-
grade via the femoral artery into the left ventricle across the 
aortic valve. These pumps do not require transseptal punc-
ture, are smaller and easier to implant, and incorporate a 
microaxial pump into the catheter system thereby elimi-
nating the need for extracorporeal blood. Anesthesiologists 
are often consulted for placement of these devices because 
the patients are unstable and/or present with a high like-
lihood of hemodynamic compromise. Depending on the 
procedure and state of the patient, either sedation or gen-
eral anesthesia can be used. These devices achieve cardiac 
outputs that can completely replace left ventricular func-
tion; blood flow may not be pulsatile, so pulse oximetry and 
noninvasive blood pressure cuffs may not work properly. 
However, invasive monitoring is available via the arterial 
cannulation used during the procedure and arterial blood 
gas analysis can provide information on gas exchange. The 
choice of anesthetic, likely postprocedural care, and prog-
nosis should be discussed with the cardiologist before the 
start of the case, if possible.!

PERCUTANEOUS CLOSURE OF SEPTAL DEFECTS

The percutaneous closure of septal defects includes closure 
of PFOs and secundum atrial septal defects (ASDs). Ini-
tial studies assessing the efficacy of percutaneous closure 
of PFOs in patients who have suffered from a cryptogenic 
stroke showed no benefit.98-100 However, these stud-
ies have recently been supplanted by several multicenter 
randomized controlled trials showing decreased rates of 
recurrent stroke, particularly in young patients with large 
shunts.101-104 The Food and Drug Administration (FDA) 
approved use of the Amplatzer PFO Occluder (St. Jude Medi-
cal Inc., St. Paul, Minnesota)105 based on the results of one 
of those studies, the RESPECT trial, which showed a 50% 
reduction in the rate of new strokes in patients using the 
occluder plus blood-thinning medications compared with 
blood-thinners alone.103
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The Amplatzer Septal Occluder is used in clinical prac-
tice for closure of secundum ASDs. This occluder is a two-
sided “clam shell” made up of two flat discs with a middle 
or “waist.” The discs are made of nitinol (nickel and tita-
nium) wire mesh and polyester fabric inserts, the latter of 
which create a nidus for tissue growth after placement.106 
The closure of PFOs tends to be simpler than the closure 
of ASDs. In patients with ASDs, it is important to clarify 
right ventricular function, pulmonary arterial pressures, 
and shunt fraction to formulate an optimal anesthetic 
plan. Success rates for PFO and ASD closure range from 
79% to 100%.107

These occluder devices can also be used to close other 
types of defects such as paravalvular leaks and muscular or 
perimembranous ventricular septal defects (VSDs), either 
congenital or acquired. Reportedly, VSDs can be closed 96% 
of the time, with a 2% major complication rate with these 
devices.108 In patients with traumatic (postmyocardial 
infarction) VSDs, hemodynamic instability is not unusual 
and complications are common during closure attempts. 
Tissue integrity is frequently compromised making place-
ment of closure devices difficult. Visualization of the defect 
and guidance of device placement can also be challenging. 
Patients with postmyocardial infarction VSDs are more 
likely to have complications during closure of the defect.109

Complications of any device placement in the cardiac 
catheterization laboratory include air embolism, device 
embolization, malposition, thrombosis, arrhythmias, hypo-
tension, valve dysfunction, cardiac perforation, and injury 
to non-target cardiac structures. It is critical that these 
complications be recognized and dealt with expeditiously. 
Rapid and effective communication is critical. Untoward 
events may be evident initially to anesthesiologists if they 
are guiding the procedure with TEE.

Echocardiography is often used during the placement of 
intracardiac septal occluder devices to help guide placement 
and confirm a successful result. TEE can be performed by 
cardiologists, anesthesiologists, or ultrasound technicians 
depending on institutional preference and availability of 
personnel, and if used, requires general anesthesia (see also 
Chapter 37). Although two-dimensional (2D) echocardiog-
raphy is the most widely used imaging technique for pre-
procedural patient evaluation, multidetector row CT and 
cardiac MRI can also help to delineate structural intracar-
diac details. Intraprocedural three-dimensional (3D) TEE is 
also available.110 Intracardiac echocardiography (ICE) can 
be used to guide the procedure, but this must be performed 
by the cardiologist because the controls are at the groin in 
the field. In cases in which TEE is not available or cannot be 
performed because of patient comorbidities, ICE is a reason-
able alternative, in which case general anesthesia may not 
be needed.!

PERIPHERAL ARTERIAL DISEASE

Peripheral arterial disease affects approximately 8 million 
Americans (see also Chapter 56). The prevalence of this 
disease increases with age and occurs more commonly in 
African Americans. Intermittent claudication and rest pain 
are the principal symptoms. Claudication occurs as a result 
of insufficient arterial blood flow and leg ischemia and is 
often described as pain, aching, or a sense of fatigue that is 

relieved at rest. Symptoms are most often experienced in the 
muscle bed supplied by the most proximal stenosis. Buttock, 
hip, or thigh claudication is related to obstruction of the 
aorta or iliac flow, calf claudication is commonly a result 
of either femoral or popliteal arterial stenosis, and ankle 
or pedal claudication is typically caused by either tibial or 
peroneal disease.111

According to ACC and AHA guidelines, percutaneous 
revascularization in patients with intermittent claudica-
tion should be considered when any one of the following 
circumstances is encountered:
  

 1.  Claudication symptoms significantly disable the patient.
 2.  The patient would benefit from an improvement in exer-

cise.
 3.  Rehabilitation and pharmacologic therapy have not 

provided an adequate response.
 4.  A favorable risk-to-benefit ratio to performing the proce-

dure exists.
 5.  The characteristics of the lesion permit appropriate 

intervention at low risk with a high likelihood of initial 
and long-term success, and/or the patient has limb-
threatening ischemia, as manifested by rest pain, isch-
emic ulcers, or gangrene.112

  

The majority of cases are performed with sedation. The 
anesthesiologist may be critical to the interventional car-
diologist during a peripheral vascular intervention because 
many of these patients are unable to lie still during the pro-
cedure because of rest pain symptoms and other related 
comorbidities. In addition, the procedure itself may create 
painful transient ischemia resulting in patient movement 
that may reduce the likelihood of success. Anesthesia care 
may also be required when the procedure is technically dif-
ficult and the patient is unable to cooperate or when vas-
cular injury has occurred (i.e., formation of a hematoma).!

PERCUTANEOUS VALVE REPAIR AND 
REPLACEMENT

Percutaneous technologies for the treatment of mitral 
regurgitation and aortic valve disease are presently avail-
able with ongoing development of devices and approaches. 
These procedures are a major addition to the repertoire of 
interventional cardiologists and represent an exciting new 
overlap of surgical and medical therapies for structural 
heart disease.!

PERCUTANEOUS MITRAL VALVE REPAIR

Surgical repair is typically indicated for the treatment of 
symptomatic mitral regurgitation (with LVEF >30%) or 
asymptomatic mitral regurgitation with impaired left ven-
tricular ejection fraction (EF 30% to #60%).113 However, 
alternate techniques of percutaneous mitral valve repair 
are under investigation including leaflet repair, direct 
annuloplasty, and coronary sinus annuloplasty.114

Mitral regurgitation can be percutaneously repaired by 
placement of a MitraClip (Abbott Vascular, Abbott Park, 
Illinois), a clip-like device that creates an Alfieri edge-to-
edge repair. After a transatrial septal puncture, the clip is 
positioned in the center of the mitral valve orifice. The clip 
is opened, passed into the left ventricular cavity, pulled back 
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to contact the mitral valve leaflets, and then closed to create 
a double-orifice mitral valve.114 Direct mitral valve annulo-
plasty such as with the Cardioband system (Valtech Cardio, 
Inc., Or-Yehuda, Israel) mimics a surgical annuloplasty but 
delivers the device transseptally and implants on the atrial 
side of the annulus using multiple anchor elements.115,116 
Devices that use the coronary sinus as a method of cinch-
ing the mitral annulus are investigational, and the safety 
and efficacy of this approach remains undetermined. Gen-
eral anesthesia, fluoroscopy, and TEE are used to help guide 
placement of these devices.107

Percutaneous Aortic Valve Replacement 
(Transcatheter Aortic Valve Replacement)
Percutaneous aortic valve replacement or transcatheter 
aortic valve replacement (TAVR) is a relatively new treat-
ment in the U.S. for aortic stenosis. During the procedure, 
a replacement valve is crimped into a catheter and passed 
through the femoral artery to the aortic annulus. Rapid 
ventricular pacing is employed to minimize cardiac output 
while the prosthesis is deployed into the appropriate posi-
tion after a balloon valvuloplasty. Transaortic and transapi-
cal insertions of transcatheter valves can also be performed 
by a multidisciplinary team in a hybrid OR setting. In the 
future, other variants of this procedure will likely evolve for 
placement of valves in other positions.

The concept of a transcatheter valve for percutane-
ous placement was initially presented in the early 1990s, 
and the first percutaneous heart valve for human use 
was developed by Cribrier and implanted in Europe in 
2002.117,118 Two devices currently exist for percutaneous 
implantation: the Edwards Lifesciences SAPIEN (Edwards 
Lifesciences, Irvine, CA) and the Medtronic CoreValve 
(Medtronic, Minneapolis, Minnesota). The Edwards 
SAPIEN valve received FDA approval in November 2011 
and the CoreValve in January 2014.119,120 The SAPIEN 
valve is a bovine pericardial prosthesis sutured into a bal-
loon-expandable tubular metal stent, while the CoreValve 
is a porcine pericardial self-expanding valve prosthesis 
sutured into a nitinol stent.

The population of patients eligible for TAVR has expanded 
from patients who are not surgical candidates126 to those 
who are high-risk surgical candidates,121 and now encom-
pass patients who are considered only intermediate-risk.122 
In high-risk patients with severe aortic stenosis, TAVR was 
found to be noninferior to surgical aortic valve replacement 
at 1 year in terms of survival. However, the transcatheter 
procedure was associated with a higher risk for stroke than 
the surgical replacement at 1 year and a higher risk for 
major vascular complications at 30 days. More patients 
undergoing TAVR demonstrated improved symptoms at 
30 days, but no significant between-group difference was 
seen at 1 year.121 In intermediate-risk patients, the rates of 
both death and disabling stroke at 2 years were comparable 
to those who underwent surgical aortic valve replacement; 
however, similar to the trial studying high-risk patients, 
the TAVR group had more major vascular complications 
and also showed improved symptoms compared with the 
surgery group at 30 days but not at other time points.122 
The use of TAVR for treatment of failing aortic bioprosthe-
ses (with valve-in-valve therapy) due to either stenosis or 

regurgitation has also been increasing. The rapid expansion 
of indications for TAVR has prompted a task force examin-
ing appropriate use criteria of this technology.123

CTs are typically obtained before the procedure to define 
valve size and anatomy. Patients are frequently elderly with 
severe valvular disease and attendant comorbidities; thus, 
planning for expected difficulties related to patient comor-
bidities and technical challenges is well worth the extra 
time. A team meeting before the procedure is worthwhile 
because elements of the patient’s history often warrant 
interdisciplinary scrutiny and discussion.

Transfemoral TAVR can be performed in a cardiac cath-
eterization laboratory or hybrid OR. At our institution, all 
percutaneous valve repairs are performed under general 
anesthesia with fluoroscopic and TEE guidance. As tech-
nology improves, the flow of cases will change. Presently, 
however, at our institution, the following list constitutes 
the framework for transfemoral cases:

 1.  Place intravenous line and arterial line, induction.
 2.  Place PA line, larger access, cerebral SvO2.
 3.  Conduct TEE, discussion of expected and unexpected 

findings with entire team.
 4.  Access femoral vasculature: arterial sheath, con-

tralateral transfemoral aortic occlusion balloon, and 
place transvenous pacer.

 5.  Perform standard balloon aortic valvuloplasty: refine 
sizing and enlarge orifice.

 6.  Assess adequacy of rapid ventricular pacing.
 7.  Upsize sheath to (27 Fr) or appropriate introducer.
 8.  Advance transcatheter valve; assess position by fluor-

oscopy and echocardiography.
 9.  Deploy valve during rapid ventricular pacing.
 10.  Assess valve position and function.
 11.  Remove sheath and complete vascular closure.

Large peripheral intravenous lines should be placed for 
volume administration. Invasive arterial pressure moni-
toring is important because noninvasive blood pressure 
cuffs may not work when the patient is rapidly paced. 
Central access is useful for infusions and a Swan-Ganz 
catheter is recommended in compromised patients.

TEE plays a critical role in the management of patients 
undergoing TAVR (also see Chapter 37). Before any 
intervention, aortic stenosis with a trileaflet valve should 
be confirmed—TAVR cannot be performed with bicus-
pid valves. The degree of aortic insufficiency should 
be assessed before valvuloplasty, as the presence of 
preoperative mild to moderate aortic insufficiency may 
be protective in severe new-onset cases after balloon 
aortic valvuloplasty. Ejection fraction, degree of mitral 
and tricuspid regurgitation, presence of mitral annular 
calcification and mitral stenosis, estimated pulmonary 
artery pressures, and coronary artery takeoff location are 
also useful measurements. Accurate measurement of the 
aortic annulus aids in the choice of prosthetic valve size.

During the placement of the valve, real-time echocardio-
graphic guidance, either 2D or 3D, can assess positioning of 

Critical Procedural Steps During 
Transfemoral Transcatheter Valve 
Replacement
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Multiple aspects of this procedure may evolve in the 
future. For instance, the percutaneous femoral approach 
requires adequate endoluminal diameters, but as technol-
ogy develops, smaller sheaths and more flexible valves will 
become available. Thus, in the future, tortuous iliac vessels 
or high athermanous burden may not preclude a femoral 
approach. In addition, the merits of intraprocedural TEE 
versus transthoracic echocardiography or fluoroscopy 
alone are under active debate.124 Similarly, while general 
endotracheal anesthesia is preferred, institutions in the U.S. 
and Europe have reported successful outcomes with con-
scious sedation.125!
Common Complications and Remedies
Vascular Avulsion, Perforation, or Dissection. A num-
ber of vascular problems can occur during insertion and 
removal of the introducer sheath. Vascular dissection or 
perforation, while rare, are known complications. Femoral 
vascular avulsion is possible on removal of the introducer 
sheath. Temporization of hemorrhage can be achieved with 
the distal aorta occlusion balloon residing in the contralat-
eral femoral artery. This can prevent fatal hemorrhage in 
the event of a vascular catastrophe. If percutaneous access 
cannot be obtained, cut-downs or surgical access to the aor-
tic bifurcation is possible. Vascular surgical repair is neces-
sary in this situation.!

Pacing Malfunction. Transvenous pacing is used to 
establish rapid ventricular pacing and a near-zero cardiac 
output state during ballooning of the aortic valve. If atrio-
ventricular node dysfunction occurs after valvuloplasty or 
valve deployment, postdeployment pacing may be neces-
sary. Poor communication during rapid ventricular pacing 
may be catastrophic. Loss of pacer capture during balloon 
valvuloplasty can place excessive traction on the native 
valve during balloon inflation, and unexpected ventricular 
ejection can embolize the valve from the annulus during 
deployment.!

Valve Deployment. Patients respond idiosyncratically 
to balloon valvuloplasty; new-onset aortic insufficiency 
may require significant support and necessitate rapid 
valve introduction and deployment. Inotropic support 
may be necessary to maintain systemic blood pressure 
as balloons and crimped valves traverse the valve orifice. 

Invasive monitors typically reflect low cardiac outputs, 
falling cerebral SvO2s, and high pulmonary artery pres-
sures. The authors routinely have boluses of epinephrine, 
norepinephrine, and vasopressin available in a variety of 
concentrations.

Valves left prepared on the balloon but not deployed for 
significant amounts of time may open improperly, caus-
ing significant aortic insufficiency. Deployment of an addi-
tional device (valve-in-valve) may be necessary in this 
case.!

Device Embolization. Embolization into the aorta 
can occur as a result of ejection because of inadequate 
pacer capture or inappropriately high deployment. Once 
a valve is in the aorta, it is irretrievable endovascu-
larly. Valves lodged in the descending aorta have been 
reported and are tolerated; however, a second valve must 
still be deployed in the aortic position. Valve loss into the 
ventricle may occur if deployment is too low. This result 
requires surgery for retrieval and may be fatal if comor-
bidities are significant.!

Coronary Occlusion. Coronary occlusion is a potential 
problem if calcium or native aortic valve tissue occludes 
a coronary ostium. Prior coronary artery bypass graft 
with patent grafts is partially protective. Coronary guide-
wires may be placed in patients who are at higher risk. 
Skilled intervention is required to reopen occluded coro-
nary arteries. Clear interdisciplinary communication 
is essential in the management of regional wall motion 
abnormalities, ST-segment changes, or hemodynamic 
compromise.!

Need for Cardiopulmonary Bypass. Cardiovascular 
collapse during transfemoral procedures may require 
cardiopulmonary support. Institutional variability exists 
regarding the type of support planned. Some institutions 
have a primed cardiopulmonary bypass pump in the 
room, even if the case is in a catheterization laboratory 
outside of the OR; others have percutaneous VAD support 
on standby.!

Neurologic Events. Acute stroke is potentially detectable 
with unilateral changes in cerebral oximetry readings. The 
higher stroke rate of cohort A patients in the PARTNER 
trial was felt to be a result of both the introduction of a large 
balloon and valve apparatus across the aortic arch and bal-
looning of the calcified native valve. Anesthetics allowing 
for early neurologic assessment are preferred.

As patient acuity increases, safe and efficient care for 
the target population in the cardiac catheterization and 
electrophysiology laboratories is a concern for all anes-
thesiologists and cardiologists. Anesthesiologists are 
uniquely trained to care for this complicated patient popu-
lation while permitting cardiologists to focus on the inter-
ventional procedure. Anesthesiologists, in collaboration 
with cardiologists, must establish guidelines for the inter-
disciplinary care of patients with complex issues. The goal 
is to enhance patient safety, procedural efficiency, and 
outcomes while advancing the frontiers of medical care in 
venues outside of the OR.!

the prosthesis. Multiple attempts may be needed to ensure 
proper catheter and device placement with an acceptable 
result. Following valve deployment, rapid assessment of 
valve position, function, and perivalvular and central leaks 
is crucial; verification of the patency of the coronary ostia 
and absence of new ventricular wall motion abnormalities 
is critical as well. Communication and visual accessibility 
to all imaging during the procedure is vital to successful 
placement of the device. Patients may develop hemody-
namic instability, myocardial ischemia, or significant 
arrhythmias during the case, so constant communica-
tion between anesthesiologist and cardiologist is critical. 
Planned extubation is reasonable assuming the patient’s 
comorbidities and the course of the procedure warrant it.
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Interventional Echocardiography 
Anesthesiologists as 
Co-Proceduralists—The Road 
Ahead

As percutaneous interventions for structural heart disease 
increase in number and broaden in scope, the need for 
multidisciplinary input grows. Cardiac anesthesiologists 
traditionally perform TEE in the OR before and after car-
diopulmonary bypass to diagnose structural problems and 
assess surgical repair. In the catheterization laboratory, 
growing usage of general anesthesia to support patients 
during complex procedures ideally positions cardiac anes-
thesiologists to perform this service in a new context.

Diagnostic echocardiography is important in the cath-
eterization laboratory, as it is in the OR. However, the novel 
feature of TEE performed in the catheterization laboratory 
(interventional TEE) is the need for step-by-step guidance 
of intricate and highly technical intracardiac manipula-
tions (see also Chapter 37).126 Fluoroscopy—the traditional 
imaging modality for interventional cardiology proce-
dures—entails significant radiation exposure, requires the 
use of intravenous contrast, and can be temporally and 
spatially imprecise. Interventional TEE provides precise 
adjunctive imaging for placement or removal of intracar-
diac devices, placement of transcatheter valves, and repairs 
of paravalvular leaks or other structural defects. In addi-
tion, cardiac anesthesiologists understand imaging in the 
context of anesthetic care and are capable of manipulating 
hemodynamics as observation of cardiac function requires. 
Functional interpretation of structural defects can be criti-
cal as repairs are made. In the catheterization laboratory 
or hybrid OR setting, cardiac anesthesiologists become co-
proceduralists providing imaging, hemodynamic control, 
interpretation, and step-by-step guidance for intervention-
alists in the context of fixing abnormal cardiac anatomy. 
Real-time 3D guidance during catheter placement, balloon-
ing, or device implantation is an important and new com-
ponent of interventional cardiology. This is a time-sensitive, 
high-acuity undertaking. It is relatively new in intracardiac 
imaging and for cardiac anesthesiologists; it defines an 
exciting and important role that goes a step beyond the job 
of maintaining homeostasis during the stress of surgery.

Interventional TEE is performed during septal occlusion, 
paravalvular leak repair, and transcatheter valve replace-
ment. As in the OR, comprehensive interventional TEE 
examination begins with assessment of cardiac structure 
and function in the context of the proposed procedure, 
including the primary defect and any associated pathology. 
Effective communication among team members is critical 
because the value of interventional 2D and 3D TEE is lost 
if mutual understanding is absent. To this end, informa-
tion from fluoroscopic and echocardiographic images can 
augment each other when unusual anatomy or clinical cir-
cumstances are observed. Data from each imaging modality 
should be discussed if contradictory interpretations arise.

Interventional TEE includes both 2D and Doppler imag-
ing complemented by 3D and real-time 3D assessments. It 
may be important to alternate between 2D and 3D imaging 
to clarify temporal and spatial details127,128 so that accurate 

placement of wires and catheters can occur. Closure of para-
valvular leaks or stenting of stenotic pulmonary veins, for 
example, may require both types of imaging. Real-time 3D 
imaging can clearly depict the proximity of equipment and 
devices to targeted defects by permitting rotation of acqui-
sitions in all directions, thereby delineating structures in 
their native orientation. Although in the OR it is possible to 
correlate actual anatomy with TEE images while the chest 
is open and the patient is on bypass, this is not the case dur-
ing percutaneous procedures. The accuracy of imaging and 
interpretation is therefore critical.

During TAVR, interventional echocardiography is 
important for optimization of valve placement and diagno-
sis of problems when they occur. After TAVR deployment, a 
comprehensive TEE is performed. Valve position and func-
tion is assessed, gradients are calculated, the absence of 
coronary ostial occlusion is confirmed, and the need for any 
remedial activity is discussed. This requires the input of pro-
ceduralists and cardiologists alike.

As technology evolves, percutaneous procedures for 
structural heart disease will become more sophisticated. As 
devices improve, the target populations will grow. Patients 
with congenital, acquired, and surgically created defects 
will become eligible for treatment by interventional cardi-
ology procedures. Interventional TEE has emerged as the 
newest evolutionary phase of cardiac anesthesiology.129 
The development of collaborative relationships between 
interventional cardiologists and anesthesiologists provides 
the foundation for a robust, multidisciplinary interface, thus 
establishing a basis for advancement of clinical practice and 
a place for anesthesiologists at the forefront of medicine.!

The Road Ahead: Toward a 
Comprehensive Strategy

As technology evolves, medical procedures performed in 
locations outside of the traditional OR environment will 
continue to increase and both the procedures and the 
patients who undergo the procedures will be more com-
plex. As the population ages and medical therapies achieve 
increased effectiveness, more patients who in the past 
would not have been candidates for any intervention will 
be offered procedures that either prolong life or improve its 
quality. The current expansion of minimally invasive, non-
surgical approaches to disease will continue and, as a result 
of these changes, demand for anesthesiology services will 
escalate.

The experience with NORA procedures has taught us 
many lessons. Perhaps the most significant lessons include 
our understanding of the needs of the patients and proce-
duralists—and the expectation that the same standards 
of care will be required wherever anesthesia care is pro-
vided. As a result, anesthesiologists must be flexible, while 
also ensuring that the usual safeguards provided in the OR 
environment are extended to every other location in which 
we provide care. Inclusion of procedural areas within our 
practice requires a new model of service delivery. Over the 
past 30 years, anesthesiologists revolutionized safety, reli-
ability, and the scope of perioperative practice. We must 
extend the same safety and quality to the care we provide in 
the non-OR locations. Seeing beyond the traditional role of 
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anesthesiologists in the OR, we can create a niche as inno-
vators of NORA in the same way that we have broadened 
our services by providing critical care coverage inside and 
outside the ICU and by widening the integration of care pro-
vided by acute and chronic pain management teams.

SOME ADDITIONAL CONSIDERATIONS

Operational Effectiveness
Operational effectiveness is a crucial component of providing 
clinical care in any setting. It is also required to ensure that 
each health system can successfully compete and remain 
financially solvent. For anesthesiologists providing care out-
side of the OR, we are critical participants in defining how 
care is provided and what resources are necessary to opti-
mize care, while also being cognizant of the economics of 
our practices. We must provide more efficient and, in many 
cases, more flexible services in nontraditional settings as long 
as we remain attentive to patient needs and safety consider-
ations. We also need to communicate when an anesthesia 
provider is required for some procedures, what equipment, 
supplies, and other needs must be met, and how to do so cost-
effectively. To do so requires that we document our services 
and outcomes and evaluate alternative approaches to care in 
a thoughtful and evidence-based manner.!
Costs, Uniqueness, and Value-Added
Anesthesiologists have the training and experience to 
deliver superior, integrated, and cost-effective services out-
side the OR. In an era of increasing medical specialization 
and fragmentation of care delivery, particularly in the con-
text of accountable care organizations and bundled pay-
ments, these are the critical indices of success.

Proper variable cost accounting demonstrates that the 
cost of patient care involving an efficiently deployed anes-
thesiologist is less than the cost imposed on the whole 
system by those procedures that start without anesthesia 
personnel and end with an urgent, unanticipated call. The 
expense of (1) delaying a procedure, (2) stopping a proce-
dure for inadequate or excessive sedation, (3) hospitalizing 
a patient, and (4) rescheduling or redoing procedures is for-
bidding. However, the costs are not always obvious because 
they are spread over multiple cost centers.!
Strategic Positioning
For anesthesiologists, strategic positioning occurs when the 
needs of customers are satisfied with minimal cost to the 
anesthesiologists. The customers are not just patients—they 
are also medical proceduralists and third-party payers. If we 
can provide a safer and more comfortable, time-efficient, and 
cost-effective environment for proceduralists, the value of 
anesthesiologists will be clear. If we develop a bridge between 
medical and surgical treatment by facilitating hybrid proce-
dures and interdisciplinary approaches, the overall value 
of our presence will be incontrovertible to proceduralists, 
patients, insurance companies, regulatory bodies, and gov-
ernment agencies.!
Financial Silos and Teamwork
The increased requirements by third-party payers to pro-
vide value-based care requires that anesthesiologists work 
collaboratively with our colleagues to define new models of 

care and integrated care requires collaboration and inter-
disciplinary effort. As accountable care organizations and 
value-based care models expand, we will have to demon-
strate the value the anesthesiologist provides for the NORA 
procedures to justify our “piece of the economic pie.” Our 
success will depend on the strength of relationships we 
forge with health systems and our physician colleagues. 
Team building requires communication and coordination 
based on common experience and vocabulary. In many 
cases, this process will be most effective if we align anes-
thesiologists and other providers by service lines which col-
laboratively define standard approaches to care for specific 
patient populations. The integration of medical and surgi-
cal perspectives can facilitate innovative solutions, improve 
the delivery of cost-effective and efficient care, and avert 
mistakes outside of the OR.!
Sustainable Strategy: Key Points
An effective strategy is one that maintains a dynamic and 
profitable market presence. Anesthesiologists have two related 
parallel sets of priorities: creating and maintaining a stable but 
flexible customer base, and achieving financial sustainability.

Operational effectiveness will ensure that appropriate 
resource allocation permits innovation. Enhanced core 
competencies resulting from expanded medical training 
and presence outside of the OR will provide a basis for the 
already needed enrichment of services. Team building will 
ensure that proceduralists understand the rationale for 
close cooperation and generate a foundation for better inte-
grated finances. Reframing boundaries and elimination of 
silos will enhance integration, productivity, and the qual-
ity of care across the board. The overall strategy must be to 
make our specialty indispensable to customers and poten-
tial customers while enhancing the lives of patients by 
improving outcomes and stimulating progress.

Our expertise will generate consistent reimbursement if 
we have the data to demonstrate the benefit of that pres-
ence. Our participation in non-OR procedures can stimu-
late and advance medicine just as development of the OR 
environment advanced the practice of surgery. As technol-
ogy continues to proliferate and diversify, the distinction 
between medical and surgical approaches to treatment 
becomes blurred. The pursuit of innovation has always 
been characteristic of anesthesiologists. We must continue 
this work in new venues and work to build bridges to con-
tinue to strengthen our specialty.

The need is urgent for anesthesiology to adopt a broader 
perspective. If this opportunity and its associated intel-
lectual challenges are ignored, the status of anesthesia, a 
key medical subspecialty, may be threatened. If the chal-
lenge is accepted, the practice of anesthesiology will be 
on the front lines of changing and advancing medical sci-
ence. An unprecedented crescendo of emerging technol-
ogy and ongoing innovation continues to defy status quo 
approaches to NORA cases. Proceduralists, locations, and 
equipment will continue to evolve. Regardless of the venue 
or the technique, anesthesiologists remain a critical and 
constant guardian of the integrative medical perspective, 
patient safety, and efficient procedural processes. As we 
move beyond the OR, constant vigilance, dedicated team-
work, mutual respect, and effective communication will 
continue to be the fundamental keys to success.
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