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   “By failing to prepare, you are preparing to fail.” 

 Benjamin Franklin 

   Increasingly, hospital systems and healthcare leaders are incorporating 
advanced practice providers to supply a 24/7 clinician presence in the inten-
sive care unit (ICU). Nurse practitioners (NPs) and physician assistants (PAs) 
are an increasingly important component of the nation’s healthcare provider 
pool, and it has been identifi ed that the addition of NPs and PAs to ICU teams 
is a strategy to meet ICU workforce needs. As NPs and PAs assimilate into 
this new role, guidance is needed to assume profi ciency in the role through 
mentoring and self-study. This text,  Interventional Critical Care: A Manual 
for Advanced Care Practitioners , is a needed resource for these practitioners. 
In providing instruction on many of the technical skills needed to practice in 
the acute and critical care environment, the text is a useful reference for nov-
ice as well as experienced practitioners. The scope of content covers topics 
related to essential aspects including credentialing, patient safety consider-
ations, billing and coding for procedures, as well as a review of a number of 
invasive skills commonly performed in the management of acute and criti-
cally ill patients. The insightful chapters are designed specifi cally for NPs 
and PAs to assist in learning the procedural techniques performed by the bed-
side critical care provider. Each chapter is authored by an experienced practi-
tioner describing not only the technical aspects of the procedure but also the 
clinical indications and pertinent practical considerations. The editors have 
done a thorough job in choosing a wide range of procedures, and the chapter 
authors are seasoned practitioners who have performed the skills and share 
their expertise. This text will undoubtedly be an essential reference for NPs 
and PAs practicing in the ICU setting. We thank the editors for having the 
foresight to work on preparing the text and the chapter authors for sharing 
their knowledge and expertise to enhance NP and PA roles in the ICU.  

    Atlanta, GA, USA    W.     Robert     Grabenkort, PA, MMSc, FCCM           
   Chicago, IL, USA    Ruth     Kleinpell, PhD, ACNP-BC, FCCM                   

   Foreword   
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 Over the past 10 years, the utilization of advanced practice providers (APPs) 
in both the intensive care unit (ICU) and operating room (OR) has increased 
dramatically. With this surge in specialty providers, many educational pro-
grams have had diffi culty providing the necessary didactic, psychomotor and 
affective skills, and experiences. These are skills that are necessary for the 
APP working in these areas and for facility credentialing and privileging that 
would allow APPs to practice to the full extent of their license and ability. In 
many cases, the lack of clinical experiences has contributed to this gap. While 
APPs are very well grounded in the pathophysiology, pharmacology, and 
physical assessment of patient care, they may have not been exposed to the 
indications, contraindications, and technical aspects of performing many of 
these critical skills. 

 To fi ll this knowledge gap, we have envisioned and created a textbook that 
focuses on improving the knowledge and education of the APP in critical care 
procedures and skills. The editors and chapter authors of this text were 
recruited from facilities and programs from across the United States. They all 
actively practice in the ICU and OR and are considered content experts in 
their respective fi elds. All chapters are authored by an APP and/or physician. 
The majority of all authors are also designated as Fellows of the American 
College of Critical Care Medicine (FCCM). They have made signifi cant con-
tributions to patient care and the Society of Critical Care Medicine (SCCM). 

 We hope you will enjoy reading and using this text as a reference in your 
daily practice in the ICU setting. It has been a pleasure working with all of the 
chapter authors and contributors. We, the editors, would like to express our 
appreciation to Patricia Hevey, Sonya Hudson, and Sarah Landeen at 
Carolinas HealthCare System for their contributions to editing and coordinat-
ing the efforts of this work. We also express our appreciation to Michael Koy 
at Springer Publishing for all of his contributions and work on this project.  

  Charlotte, NC, USA     Dennis     A.     Taylor, DNP, ACNP-BC, FCCM     
 Portland, OR, USA      Scott     P.     Sherry, MS, PA-C, FCCM     
 Charlotte, NC, USA      Ronald     F.     Sing, DO, FCCM      

  Pref ace   
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1.1           Introduction 

 Many highly educated and experienced person-
nel staff the intensive care unit. This chapter will 
describe the education and roles of many of these 
staff. There have been signifi cant discussions in 
the literature regarding communication, direc-
tion, and coordination of these care teams. Each 
discipline brings a unique perspective to bear on 
patient care and contributes to the healing and 
recovery process. 

 In addition, patient monitoring and ventila-
tion options are better addressed in the ICU 
setting. More sophisticated ventilators located 
in the ICU provide better ventilation and oxy-
genation options. 

 Many facilities have adopted “crew resource 
management or  CRM  ” communication tech-
niques from the aviation profession to facilitate 
the use of checklists and patient hand-off at 
change of shifts.  

1.2     Critical Care ICU  Physicians   

 In both the medicine and surgery fi elds, there are 
physicians who specialize in the treatment of 
critically ill and injured patients. These physi-
cians often complete a specialized Fellowship in 
Critical Care Medicine after they complete their 
medical education and residency programs. 
There are specialty boards that address practice 
in this very intensive environment. Critical care 
medicine is concerned with the diagnosis, man-
agement, and prevention of complications in 
patients who are severely ill and who usually 
require intensive monitoring and/or organ system 
support. Critical care medicine fellowships pro-
vide advanced education to allow a fellow to 
acquire competency in the subspecialty with suf-
fi cient expertise to act as a primary  intensivist   or 
independent consultant. 

 The educational preparation for these surgi-
cal professionals includes 4 years of medical 
education, 6 years of a surgical residency pro-
gram, and a 1- to 2-year postgraduate fellowship 
in critical care and/or surgery. The preparation 
for those working in a medical ICU includes 
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4 years of medical education, 4–5 years of spe-
cialized medical education in pulmonary medi-
cine, and then a  fellowship   in critical care 
medicine as well.  

1.3     Critical Care Advanced 
Clinical  Practitioners   

 Critical Care Advanced Clinical Practitioners, or 
 ACPs  , are physician assistants or nurse practitio-
ners who are educated to care for the acutely ill or 
injured patient in the ICU setting. They have 2 years 
of postgraduate education in advanced practice 
nursing or physician assistant studies. They typi-
cally have a board certifi cation in the adult to ger-
ontology acute care population of patients. Many 
have completed a postgraduate fellowship program 
that focuses on the care of the ICU patient. 

 The Critical Care ACP has a minimum of a 
master’s degree in nursing or physician assistant 
studies. Many also have doctoral terminal degrees 
and some postdoctoral education. They are typi-
cally credentialed and privileged (state and facil-
ity specifi c) to perform high-risk, low-volume, 
and high-acuity procedures such as:

   Advanced airway management including emer-
gent cricothyrotomy  

  Placement of central venous lines (with and with-
out ultrasound)  

  Placement of arterial monitoring lines  
  Placement and removal of chest tubes  
  Thoracentesis and paracentesis  
  Placement of dialysis catheters  
  Placement of pulmonary artery monitoring catheters  
  Complex wound management including debridement  
  Functioning as a surgical fi rst assistant  
  Focused abdominal sonography for trauma 

(FAST) exams     

1.4      Clinical Pharmacists 
(PharmD)   

 Critical care clinical pharmacists are a vital con-
tributor to patient outcomes. They often guide 
antibiotic stewardship, sedation, and pain control 

guidelines utilized in the critical care settings. 
They are often participants in multidisciplinary 
rounds and are a great resource for teaching in 
educational settings. 

 The profession of pharmacy evolved over the 
last century from a discipline that focused on 
pharmaceutical products into one that primarily 
focuses on the patient and the optimal delivery of 
pharmaceutical care. The curricula in most phar-
macy colleges and universities have changed sig-
nifi cantly to refl ect this transformation. Courses 
in pharmacotherapeutics, pharmacokinetics, 
pathophysiology, human anatomy and physiol-
ogy, physical assessment, and pharmacoeconom-
ics have been added to prepare graduates for 
careers as clinicians. Furthermore, pharmacy 
graduates can pursue additional training by com-
pleting residencies or fellowships in their areas 
of interests, which can  include   critical care [ 1 ].  

1.5     Registered Respiratory 
Therapists ( RRT/RCP  )    

 Respiratory therapists provide the hands-on care 
that helps people recover from a wide range of 
medical conditions [ 2 ]. Registered respiratory 
therapists are found:

•    In hospitals giving breathing treatments to 
people with asthma and other respiratory 
conditions  

•   In intensive care units managing ventilators 
that keep the critically ill alive  

•   In emergency rooms delivering life-saving 
treatments  

•   In operating rooms working with anesthesiol-
ogists to monitor patients’ breathing during 
surgery  

•   In air transport and ambulance programs rush-
ing to rescue people in need of immediate 
medical attention    

 Respiratory therapists are considered the 
go-to experts in their facilities for respiratory 
care technology. But their high-tech knowledge 
isn’t just limited to the equipment they use in 
their jobs. They also understand how to apply 
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high-tech devices in the care and treatment of 
patients, how to assess patients to ensure the 
treatments are working properly, and how to 
make the care changes necessary to arrive at the 
best outcome for the patient. 

 The combination of these skills—hands-on 
technical know-how and a solid understanding of 
respiratory conditions and how they are treated—
is what sets respiratory therapists apart from the 
crowd and makes them such a crucial part of the 
healthcare team [ 3 ]. 

 Respiratory therapy programs are anywhere 
from 2 to 6 years in length resulting in an associ-
ate’s degree to a master’s degree upon comple-
tion. In addition, there  are   now many doctoral-level 
programs in respiratory therapy [ 6 ].  

1.6      Physical Therapists   

 Physical therapists are a valued part of the health-
care team. They work with patients to help restore 
function, improve mobility, relieve pain, and pre-
vent or limit permanent physical disabilities of 
patients. They also restore, maintain, and promote 
overall fi tness and health. A physical therapist 
will examine patient’s medical histories and per-
form tests to measure patient’s strength, range of 
motion, balance, coordination, posture, muscle 
performance, respiration, and motor function. 
Physical therapists then develop plans describing 
a treatment strategy. In addition, they also help to 
develop fi tness and wellness-oriented programs 
to prevent the loss of mobility before it occurs [ 4 ]. 

 Physical therapist education programs integrate 
theory, evidence, and practice along a continuum of 
learning. Physical therapists usually need a mas-
ter’s degree from an accredited physical therapy 
school and a state license. Only master’s degree and 
doctoral degree physical therapy schools are 
accredited. The  Commission on Accreditation of 
Physical Therapy Education (CAPTE)   accredits 
entry-level academic programs in physical therapy. 

 Physical therapist education programs include 
both classroom and laboratory instruction. 
Physical therapist training programs include foun-

dational science courses, such as biology, anatomy, 
physiology, and cellular histology. Other physical 
therapist classes include exercise physiology, neu-
roscience, biomechanics, pharmacology, pathol-
ogy, and radiology/imaging, as well as behavioral 
science courses, such as evidence- based practice 
and clinical reasoning. Some of the clinically 
based physical therapist courses include medical 
screening, examination tests and measures, diag-
nostic process, therapeutic interventions, out-
comes assessment, and practice management. 

 Physical therapist schools also provide student 
with supervised clinical experience. This may 
include clinical rotations which enable super-
vised work  experience   in areas such as acute care, 
ICU, and orthopedic care.  

1.7      Occupational Therapists   

 Occupational therapists and occupational therapy 
assistants help people across the lifespan partici-
pate in the things they want and need to do through 
the therapeutic use of everyday activities (occupa-
tions) [ 7 ]. Common occupational therapy inter-
ventions include helping children with disabilities 
to participate fully in school and social situations, 
helping people recovering from injury to regain 
skills, and providing supports for older adults 
experiencing physical and cognitive changes. 
Occupational therapy services typically include:

•    An individualized evaluation, during which 
the client/family and occupational therapist 
determine the person’s goals  

•   Customized intervention to improve the per-
son’s ability to perform daily activities and 
reach the goals  

•   Outcome evaluation to ensure that the goals 
are being met and/or make changes to the 
intervention plan    

 Occupational therapy services may include 
comprehensive evaluations of the client’s home 
and other environments (e.g., workplace, school), 
recommendations for adaptive equipment and 
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training in its use, and guidance and education for 
family members and caregivers [ 8 ]. Occupational 
therapy practitioners have a holistic perspective, in 
which the focus is on adapting the environment to 
fi t the person, and the person is an integral part of 
the therapy team [ 5 ]. Occupational therapy pro-
grams are anywhere from 4 to 6 years. Postgraduate 
residencies in specialized areas are  also   common.  

1.8      Speech and Language 
Pathologists   

 Speech pathologists, offi cially called speech- 
language pathologists and sometimes called 
speech therapists, work with people who have a 
variety of speech-related disorders. These disor-
ders can include the inability to produce certain 
sounds, speech rhythm and fl uency problems, 
and voice disorders. They also help people who 
want to modify accents or who have swallowing 
diffi culties. Speech pathologists’ work involves 
assessment, diagnosis, treatment, and prevention 
of speech-related disorders [ 9 ]. 

 In most states, one must have a mas-
ter’s degree in speech-language pathology to 
practice. Some states will only license speech 
pathologists that have graduated from a program 
that is accredited by the Council on Academic 
Accreditation in Audiology and Speech- 
Language Pathology. Coursework includes 
anatomy, physiology, the nature of disorders, and 
the principles of acoustics. Students receive 

supervised clinical training. Doctoral program 
are very common in this area as well.     

   References 

    1.    Papadopoulos J, Rebuck JA, Lober C, Pass SE, Seidl 
EC, Shah RA, Sherman DS. The critical care pharmacist: 
an essential intensive care practitioner. Pharmacotherapy. 
2002;22(11):1484–8.  

    2.   American Association for Respiratory Care [Internet]. 
Irving: AARC; c2015. Available from:   https://www.
aarc.org/careers/what-is-an-rt/rts-at-work/     [cited 24 
Apr 2015].  

    3.   American Association for Respiratory Care [Internet]. 
Irving: AARC; c2015. Available from:   https://www.
aarc.org/careers/what-is-an-rt/equipment-use/     [cited 
24 Apr 2015].  

    4.   Physical Therapist Education and Schools [Internet]. 
Available from:   http://www.physicaltherapistcareers.
net/physical-therapist-job-description.php     [cited 24 
Apr 2015].  

        5.   The American Occupational Therapy Association, Inc. 
[Internet]. Bethesda: AOTA; c2015. Available from: 
  http://www.aota.org/About-Occupational- Therapy.aspx     
[cited 24 Apr 2015].  

   6.   Healthcare Careers [Internet]. Foster City: QuinStreet, 
Inc.; c2003–2015. Available from:   http://www.health-
care-careers.org/respiratory-therapy-career- training.
html     [cited 24 Apr 2015].  

   7.   Physical Therapist Education and Schools [Internet]. 
Available from:   http://www.physicaltherapistcareers.
net/physical-therapist-education.php     [cited 24 Apr 
2015].  

   8.   American Physical Therapy Association [Internet]. 
Alexandria: APTA; c2015. Available from:   http://
www.apta.org/AboutPTs/     [cited 24 Apr 2015].  

   9.   About Careers [Internet]. About.com; c2015. Available 
from:   http://careerplanning.about.com/od/occupations/p/
speech_path.htm     [cited 24 Apr 2015].      

D.A. Taylor et al.

https://www.aarc.org/careers/what-is-an-rt/rts-at-work/
https://www.aarc.org/careers/what-is-an-rt/rts-at-work/
https://www.aarc.org/careers/what-is-an-rt/equipment-use/
https://www.aarc.org/careers/what-is-an-rt/equipment-use/
http://www.physicaltherapistcareers.net/physical-therapist-job-description.php
http://www.physicaltherapistcareers.net/physical-therapist-job-description.php
http://www.aota.org/About-Occupational-Therapy.aspx
http://www.health-care-careers.org/respiratory-therapy-career-training.html
http://www.health-care-careers.org/respiratory-therapy-career-training.html
http://www.health-care-careers.org/respiratory-therapy-career-training.html
http://www.physicaltherapistcareers.net/physical-therapist-education.php
http://www.physicaltherapistcareers.net/physical-therapist-education.php
http://www.apta.org/AboutPTs/
http://www.apta.org/AboutPTs/
http://careerplanning.about.com/od/occupations/p/speech_path.htm
http://careerplanning.about.com/od/occupations/p/speech_path.htm


7© Springer International Publishing Switzerland 2016 
D.A. Taylor et al. (eds.), Interventional Critical Care, DOI 10.1007/978-3-319-25286-5_2
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       As both volume and acuity of  hospital   popula-
tions continue to swell, so does the need for sur-
gical services. Many healthcare systems across 
the country have found it increasingly diffi cult to 
meet those growing needs. Specialization of sur-
gical procedures, lengthy operations, and elec-
tive surgeries creates a competition for time in 
the operating room (OR) that further complicates 
the already stressed need [ 1 ]. Furthermore, 
advancements in surgical critical care allow for 
higher complexity and higher-acuity patients to 
survive longer periods of time and require mul-
tiple operative procedures. Often there are mul-
tiple patients in the ICU (intensive care unit) 
with open body cavities that require a staged 
return to the OR for closure. Unfortunately,  there   
is little ongoing development of strategies and 
processes to meet the patient’s surgical needs in 
a setting other than the OR. Out of this necessity, 
the trend toward the ICU as a surrogate operative 
setting has been developed. 

 To establish the suitability of the ICU to meet 
the patient’s surgical needs, it is important to 
understand the requirements of the OR. This 
ensures that the  quality of care   is maintained 
despite the setting the patient is being treated in. 

Caregivers and providers must keep in mind the 
patients’ clinical needs and clinical status are not 
different because of the location of procedures; 
the change requires a heightened need for com-
munication and coordination to limit risk. 

 An important consideration for performing 
 surgery   in the ICU versus operating room is the 
setup of the  room   and the ability to perform that 
procedure in the space provided. The bed is cen-
tral in the OR as it is in many ICUs with monitor-
ing in place at the head of the bed. Supplies are 
often readily available in the OR and are easily 
accessible for operative interventions. The ICU 
has a stock of supplies that are often used for gen-
eral nursing care. The ICU’s supply of operative 
equipment is often limited due to space and cost. 
Many times supplies for bedside procedures will 
be delivered from  the   operating room to the ICU 
(see Figs.  2.1  and  2.2 ).

    One important component is the prerequisite of 
the “Universal Protocol.” This  protocol   dictates 
that a pre-procedure verifi cation process occurs 
prior to the start of the procedure. This includes 
the site being properly  marked   when laterality is 
applicable and that a timeout be performed prior 
to sedation given for the procedure. The timeout 
must include the patient’s name, procedure to be 
performed, and any applicable information. The 
timeout must be verifi ed by the performing pro-
vider responsible for sedation. During the time-
out, other activities and  conversations must be 
suspended so that all present team members can 
confi rm the patient and procedure. 

        G.   Brawley ,  ACNP-BC      (*) •    C.   Scully ,  PA-C      
   R.  F.   Sing ,  DO, FCCM      
  Carolinas HealthCare System ,   Charlotte ,  NC ,  USA   
 e-mail: Gena.Brawley@carolinashealthcare.org; 
Casey.Scully@carolinashealthcare.org; 
Ron.Sing@carolinashealthcare.org  
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 The Joint Commission delegates that safety 
practices be in place to ensure the prevention of 
surgical errors. This includes the Universal 
Protocol that ensures a  proper   timeout, verifi ca-
tion of procedures and patient, and marking of 
the surgical site [ 2 ]. This occurs whether the set-
ting is the ICU or the OR and must be performed 
regardless of the surgical scene. The Joint 
Commission also ensures that standards  of   steril-
ity are maintained, that appropriate dress for the 
OR is maintained, and that foot traffi c is mini-
mized to maintain sterility and minimize distrac-
tion. Many ORs have strict guidelines to ensure 
that they comply with these recommendations; 
however, with variation in the bedside OR set-
ting, it can be easy to neglect the full process. 
Special efforts must be made to maintain the 
proper procedures despite the circumstances. 

 Another important aspect of the  pre-proce-
dure verifi cation check is   to ensure that 
informed consent is obtained. The goal of this 

consent is to establish mutual understanding 
and agreement between the patient or surrogate 
and the provider who is responsible for the pro-
cedure. Informed consent implies that the 
patient or their decision maker has been fully 
described the procedure with all material risks, 
benefi ts, and alternatives. 

 Preparation of the patient also needs to be 
considered. A thorough review of the patient’s 
history, potential complications that could arise 
due any comorbidity, the current condition, and 
current status prior to any operation should be 
considered. Recent anticoagulants and home 
medications such as aspirin and direct thrombin 
inhibitors may change the coagulation state of 
the patient, and without direct access to cross-
matched or uncrossmatched blood and blood 
products on hold, hemorrhage could ensue. 
Special attention should also be given to patients 
with liver and renal dysfunction while undergo-
ing an operative procedure either for the OR or 

  Fig. 2.1    Standard ICU set up including bed, monitor,  and   ventilator       
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bedside procedure. Furthermore, preparation 
should be made for the sedation of the patient 
prior to the procedure. Enteral nutrition should 
be held due to the risk of aspiration; a sedation 
or anesthetic plan should be ordered and in 
place, as well as a backup plan. Patients could 
have hypermetabolic states and may require 
additional medications for desired sedative 
level as well as side effects from sedation. The 
surgeon and support staff should be prepared 
with fl uid and potential vasopressors should a 
vasodilatory response occur after administra-
tion of sedation, pain medications, and/or para-
lytic. This is paramount  to   avoid potential 
unfavorable hypoperfusion and hemodynamic 
compromise (see Fig.  2.3 ).

   Some proposed benefi ts of bringing operative 
 care  to the patient’s bedside include timeliness, 
safety, and cost. 

2.1     Timeliness 

 Many surgical services recognize the need to 
manage an increasing patient population. Both 
the increasing volume and acuity often exceed 
the capabilities of standard management. A 
strategy to streamline effi cient care is to transi-
tion some of the operative care to the bedside. 
This decreases OR room requirements and 
anesthesia services, thereby decreasing wait 
times and giving the provider more effi ciency 
in their day. Often cases can be scheduled at 
the bedside alternately with OR cases to mini-
mize the wait between procedures. This is par-
ticularly true with bedside procedures that 
require minimal deviation from standard care. 
More complex procedural needs will often 
require the equipment and staff of the OR and 

  Fig. 2.2    Standard operating  room   setup       
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may be subject to the same delays as the case 
actually being scheduled in the OR.  

2.2      Safety   

 Another noted benefi t  of   using the ICU as the 
operative setting is that this limits the patient’s 
 transport   requirements. This is particularly bene-
fi cial when the patient is crucially ill and either 
their hemodynamic instability or signifi cant 
equipment requirements make their transport on 
and off the unit exceedingly diffi cult. “Road 
trips” can have adverse outcomes such as unin-
tentional equipment removal and alterations in 
patient’s hemodynamic stability. Additionally, 
transport on and off the unit requires staffi ng 
removal from their intended assignments and 
could potentially affect the care of other critically 
ill patients if the transports are lengthy or fre-
quent. Szems et al. observed ICU patients that 

were ventilated and underwent intrahospital 
transport, despite the high severity of illness, the 
occurrence of problems related to the transport, 
were minor and only found to have a rate of 5 %. 
Most often the common complications of the 
 transport   included tubing, connections, and tem-
porary disconnection of support line. That being 
said, specifi c attention needs to be focused on 
advanced ventilator support and the patient 
requiring high levels of positive end expiratory 
pressures (PEEP) that can result  in   a decreased 
recruitment with multiple disconnections 
required with transfers [ 3 ].  

2.3     Cost 

 With our changing healthcare economy,  the   
need to deliver cost-effective care to even the 
complicated surgical patient is a growing con-
sideration. OR procedures entail the additional 

  Fig. 2.3     Bedside laparotomy in the   ICU       
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room and equipment charges as well as anesthe-
sia fees. This result of moving some operative 
cases to the bedside can have a signifi cant 
cumulative savings.  

2.4     Potential Issues when 
the ICU Is an OR 

2.4.1     OR Staff 

 One potential issue with the  need   to perform 
operative interventions at the bedside is the lim-
itations of OR staffi ng ratios. Traditionally, 
staffi ng is determined by the number of OR 
rooms running, volume, and timing of cases. 
When emergent or semi-emergent cases present 
to the OR, the resources needed to meet this 
demand, including staffi ng, must be reevaluated 
and redistributed to fi t the needs of the schedule. 
It is important that these needs not signifi cantly 
disrupt the set scheduled operating room day 
unless truly emergent. 

 The OR is a very protocol-driven setting. It is 
arranged in a consistent manner to allow for 
quick location and access to anticipated and fre-
quently needed supplies. Bringing the OR staff 
to the ICU bedside can drive down comfort and 
effi ciency. This often requires the  ICU   bedside 
nurse to assist with more than hemodynamic 
monitoring of the patient.  

2.4.2     ICU Staff 

 ICU nurses are not  specifi cally   trained to assist 
with bedside procedures or operative interven-
tions. Their role is generally to assess the patient’s 
hemodynamic status and tolerance of the proce-
dure. Additionally not being in the OR setting 
generally means the absence of anesthesia sup-
port to assist with the hemodynamic and ventila-
tor care of the patient during the procedure. The 
primary concern of the provider performing the 
procedure is the operative intervention at hand. 
Often this means their role is expanded to include 
the total hemodynamic management of the 
patient as well as surgical technique. Having 

respiratory therapy and bedside nursing available 
and able to support the patient is essential to the 
successful bedside operation. The more experi-
enced the staff often the more smoothly their sup-
port during tense cases.  

2.4.3     Equipment 

 The ideal ICU OR mimics the  setup   of the actual 
OR including its layout and access to supplies. For 
bedside procedures, supplies can often be gathered 
from stock on the ICU fl oors. Most critical care 
units keep sterile supplies, gloves, drapes, and 
trays for specifi c surgical procedures often per-
formed or needed emergently. For more complex 
interventions, supplies often have to be requested 
and delivered from the OR. This requires  transport   
and setup of the supplies at the ICU bedside. 
Sterile OR back tables can be delivered fully 
stocked as if they were remaining in the OR suite; 
however, these must be staffed to facilitate access 
as well as maintain correct counts for surgical 
safety. Some specifi c equipment necessities such 
as the radiology, Doppler, ultrasound, electrocau-
tery, and others must be acquired and set up in the 
ICU. The attainment of these specialty resources 
often requires communication and timing. The 
ability to properly use these devices can be affected 
by personnel experience, availability, and the lay-
out of the room. Some ICU rooms may not be able 
to accommodate specifi c procedural needs. A 
study completed at Yale University from August 
2002 to June 2009 looked at the  ICU   as an operat-
ing room for patients on the Emergency General 
Surgery census. They compared ICU and opera-
tive databases specifi cally focusing on mode of 
ventilation, type of anesthesia used, and adverse 
outcomes. They found advanced ventilation was 
used increasingly from 2002 to 2007 and 2008 
from 15 to 40 %, and most cases were performed 
under deep sedation [ 1 ]. Also, they noted that 
advanced ventilation may have infl uenced the 
choice of operative location. Unexpected issues 
that were noted during the ICU operations included 
recurrent hemorrhage, need for specifi c instrumen-
tation not present during initial planning, space, 
and device failure (see Figs.  2.4 ,  2.5 , and  2.6 ) [ 4 ].

2 The Surgical Setting: ICU Versus OR
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2.4.4          Backup 

 A very important consideration for the provider 
in the bedside OR  setting   is to anticipate backup 
plans that may need to be implemented should 
unforeseen circumstances arise. In the OR there 
is the possibility of extra staffi ng that can be 
shifted to accommodate the needs of an increas-
ingly diffi culty or increasingly unstable patient. 
Often at the bedside, experienced OR staff is 
limited, and additional surgical support may be 
delayed by  location   challenges. The surgeon or 
provider must know their available resources 
and when to call for backup early to ward off 
adverse outcomes. Specifi c issues that should be 

anticipated and require preplanning include 
unexpected hemorrhage, patient hemodynamic 
instability, need for specifi c instrumentation, and 
potential for device failure. Often fi nesse in 
managing these unforeseen circumstances comes 
from experience and comfort in operating out-
side of the standard OR suite. This builds confi -
dence and eases one’s ability of how to react. 

 A fi nal backup plan would necessitate the tran-
sition of the patient to the OR suite when the pro-
cedures can no longer be safely performed at the 
bedside. This requires quick decision-making and 
staffi ng accommodations as well as maintenance 
of sterility when transitioning care settings. 

 Bedside procedures performed  are   as follows:

  Fig. 2.4    Back table setup  in   
the ICU       
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  Emergent 
 –   Cricothyroidotomy  
 –   Tracheostomy  
 –   Tube thoracostomy  
 –   Resuscitative thoracostomy  
 –   Decompression of abdomen in setting of 

abdominal compartment syndrome  
 –   External fi xation  
 –   Fasciotomy  
 –   Uncontrolled hemorrhage   

  Urgent 
 –   Pericardial drainage  
 –   Reopening of exploratory laparotomy in set-

ting of open peritoneum  
 –   Ultrasound-guided drainage of abscess  
 –   Ultrasound-guided thoracentesis  
 –   Ultrasound-guided paracentesis  
 –   Lumbar puncture   

   Elective   
 –   Percutaneous tracheostomy  
 –   Percutaneous endoscopic gastrostomy tube  

 –   IVC fi lter placement  
 –   Various endoscopic procedures      

2.5     Bedside Anesthesia 

 Critically ill patients are  subjected   to noxious 
stimuli, unpleasant experiences, and discomfort 
from general disease states. There are varying 
degrees of consciousness and memory during the 
critical state and stay in the ICU. Extra care and 
attention needs to be focused toward providing 
comfort in this patient population as well as peri-
operatively. A number of measures can be taken to 
provide reduction of the experience of pain, anxi-
ety. Examples of the procedures listed above all 
require an amount of sedation and analgesic med-
ication; however, there are no set guidelines that 
determine what is the most appropriate, and it is 
often left up to the surgeon and ICU team involved 
in the procedure. Guidelines have been developed 
by the American Society of Anesthesiologists on 
nonoperating room  anesthetizing locations that 
offer recommendations on equipment, oxygen, 
suctioning, and emergency equipment such as 

  Fig. 2.5    Back table setup in the  ICU   aside prepped and draped patient       
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crash cart with defi brillator [ 5 ]. This also describes 
potential monitoring needs and monitoring, which 
is present in the ICU setting. As previously men-
tioned, care needs to be taken in interpreting these 
monitors and action for the negative effects of 
anesthetic provided. Anesthetic options are lim-
ited in the ICU, and adequate gas systems are not 
available, yet many considerations need to be 
made and plans individualized when choosing 
sedation, paralytics, and analgesics [ 6 ]. Guidelines 

for sedation and analgesia in the ICU are 
present, yet limited surrounding the ICU as an 
operating room. 

 Again, it is essential to  consider   the patient’s 
current state and condition when choosing 
anesthesia for the procedure. As mentioned 
above, each medication has caveats on potential 
harmful effects if not chosen with the patient’s 
history, disease state, and metabolism potential 
of the individual [ 7 ].  

  Fig. 2.6    Portable laparoscopic tower,    for 
bedside laparoscopic use       
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2.6     The IVC Filter: A Case Study 
of Transition to the Bedside 

 The  IVC fi lter was   developed to lower the risk of 
fatal PE in patients with a DVT of the lower 
extremity who cannot be anticoagulated or who 
have a recurrence while on anticoagulation. 
When indicated the IVC fi lter is placed after 
obtaining access to the patient venous circulatory 
system. This is often obtained by femoral access 
and cannulation with fi lter placement into the 
inferior vena cava under fl uoroscopy guidance. 
Fluoroscopy is necessary to guide appropriate 
placement in just above the renal veins. 

 Previously, this technique required the 
patient’s  transport   to the operative suite or inter-
ventional radiology for fl uoroscopy guidance. As 
skill and familiarity with the procedure devel-
oped, the trend to move the procedure to the 
bedside for patients who could not tolerate trans-
port began to emerge. Currently, common prac-
tice includes IVC fi lter placement safely at the 
bedside with the use of a C arm from the 
radiology department and a radiology technician 
for equipment operation. This process facilitates 
the prompt placement of fi lters and avoids the 
potential complications of transporting this fre-
quently unstable patient population.  

2.7     Summary 

 With the growing demand for procedural services 
and the increasing demand of facilities to accom-
modate this growth, it is increasingly necessary 
to use various resources to care for the surgical 
patient. One such shift is the transition of opera-
tive care to the bedside, in essence creating an 

OR out of the ICU. Over the last several decades, 
procedures previously performed in the OR, 
interventional radiology, and the cardiac cath lab 
can now be performed without incidence at the 
patient’s bedside. Following in these footsteps is 
the transition of both routine and emergent opera-
tive care to the bedside. The benefi ts of effi ciency 
and cost have been demonstrated; however, the 
provider must be cognizant of the limitations of 
the ICU and have a keen knowledge of their 
facility resources and the ability to successfully 
perform surgery outside of its  previously pre-
scribed area. Recommendations for surgical pro-
cedures performed in the ICU are reserved for 
emergent and simple or routine cases that have 
adequate preparation and planning.     
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3.1           Introduction 

 The Institute of Medicine’s report,  To Err is 
Human , provided awareness on the impact of 
preventable medical errors and patient safety as 
a national concern [ 1 ,  2 ]. In 2001, a subsequent 
publication,  Crossing the Quality Chasm , pro-
vided an urgent call on the redesign of our 
healthcare system due to fundamental quality 
gaps [ 3 ]. In 2006, both publications inspired 
the  100,000 Lives Campaign  where claims 
made prevented 124,000 deaths through patient 
safety initiatives [ 4 ]. 

 To improve the quality of American Health 
Care through measurements, the National Quality 
Forum [ 5 ] has organized 29 Serious Reportable 
Events ( SREs  )    into categories. These categories 
relate to: surgical or invasive procedures, products 
or devices, patient protection, care management, 
environmental, and radiologic provisions of care. 

  The Joint Commission (TJC)   [ 6 ] accredits 
and certifi es healthcare organizations and recog-

nizes their commitment to high performance 
standards. The TJC is committed to improve 
performance standards that help to prevent med-
ical errors or SREs. Sentinel events are unex-
pected occurrences that can lead to death or 
serious physical or psychological injury [ 7 ]. It is 
important to implement early strategies for pro-
tection and early detection because sentinel 
events occur with considerable frequency in the 
ICU [ 8 ]. The  Sentinel Events Evaluation (SEE) 
study   found medication errors, unplanned dis-
lodgement or inappropriate disconnection of 
catheters and drains, equipment failure loss, 
obstruction or leakage of artifi cial airway, and 
inappropriate turning off of alarms occurring in 
the ICU setting. A subsequent study in 2009 
found medication errors that resulted in perma-
nent harm or death [ 9 ]. 

 The development of patient safety programs 
can improve teamwork and the overall organiza-
tional culture [ 10 ]. Key elements in achieving 
patient safety should fi rst include a plan to 
develop a process to identify and characterize 
adverse outcomes of healthcare actions and then 
secondly to create changes, which will promote 
learning via the analysis of trends and patterns of 
adverse and near miss events. One in 10 patients 
has an adverse event while in the hospital, and 
more than 40 % of these events are considered 
preventable. Even though the largest proportion 
of in-hospital adverse events are operation related 
(39.6 %), a sizable proportion (7.8 %) relate to 
procedures in medical specialties [ 11 ]. 
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 Focusing on a needs assessment allows for 
interventions to aid practice and patient care and 
avoid life-threatening outcomes. In many 
instances, this critical step may not take place; 
therefore, understanding the culture and organi-
zational complexity of the health system in order 
to advance clinical practice is essential. The phi-
losophy of a safety culture has been reinforced by 
 high-reliability organizations (HROs).   Many 
HROs have originated due to catastrophic envi-
ronments. Previous lessons have been learned 
from aviation, nuclear, and other organizations 
that manage hazards well [ 12 ,  13 ]. In 2008, the 
 Agency for Healthcare Research and Quality 
(AHRQ)   published fi ve key concepts to advise 
hospital leaders to use when developing and 
implementing initiatives to enhance reliability: 
sensitivity to operations, reluctance to simplify, 
preoccupation with failure, deference to expecta-
tion, and resilience [ 14 ]. 

 Tools are available to help evaluate new and 
existing processes [ 15 ]. For instance,  prediction 
tools   have been developed to forecast the risk of 
cardiac arrest and early transfer to the critical care 
setting. The  Modifi ed Early Warning System 
(MEWS)   is used to help monitor patients that 
may experience a clinical deterioration. The score 
is based on: “respiratory rate, heart rate, systolic 
blood pressure, conscious level, temperature and 
hourly urine output [ 7 ].” MEWS scores do not 
include laboratory data, which possibly could 
enhance sepsis detection [ 16 ]. Rather, it is a phys-
iological score that may help prevent delay in 
intervention or the upgrade of critically ill patients 
[ 17 ]. Additional interventions include the use of 
the electronic medical record “best practice advi-
sories and early warning scores [ 18 ].” 

 Critical care can be rendered beyond the 
borders of the ICU [ 19 ]. The use of medical record- 
based screening criteria imbedded into the 
electronic medical record allows a skilled interven-
tional team to assess patients, especially borderline 
patients to promote better clinical outcomes. 

 The informatics surge and the electronic med-
ical record have escalated our ability to obtain 
instant data, drug information, and radiologic 
reports. Patient and family-centric approaches 
[ 20 ] in the ICU enhance  communication   and 
teamwork. Electronic devices, also known as the 

“ iPatient  ,” should not receive all of our focused 
attention. Unintended consequences can occur if 
we are not focused on the actual patient. It is 
noted that patients and families are now realizing 
that human technology interfacing may distract 
from overall safety [ 21 ].  

3.2     Areas of Safety for  Global 
ICU Care   

3.2.1      Infection Control   

 The  Centers for Disease Control and Prevention 
(CDC)   updated their infection control guidelines 
in 2009. The guidelines were prepared by the 
 Society of Critical Care Medicine (SCCM)  , the 
 Infectious Diseases Society of America (IDSA)  , 
the Society for Healthcare Epidemiology of 
America (SHEA), the  American Thoracic Society 
(ATS)  , and the  American Society of Critical Care 
Anesthesiologists (ASCCA)  , among others. 
Guidelines have been developed for healthcare 
personnel who insert intravascular catheters and 
for persons responsible for surveillance and con-
trol of infections in hospital, outpatient, and 
home healthcare settings [ 22 ]. Preventative mea-
sures, which are directly related to continuing 
patient safety, are multifactorial especially when 
in relation to central venous catheter insertions.  

3.2.2      Procedural Training   

 Approximately 6 million central  venous   catheters 
are inserted for hemodialysis, for monitoring cen-
tral venous pressures, and for fl uid administration. 
As simple as inserting a central line, a systems 
approach failure can go beyond the practitioner and 
be directed toward inherent defi ciencies that result 
in the failure [ 23 ]. Certain procedures may entail 
higher failure and  complication rates, thus requiring 
more in-depth training before privileging is granted. 
Can the aphorism “see one, do one, teach one” actu-
ally survive among the shortages that exist in criti-
cal care training, but one thing for sure is that a 
focus on improving training is essential [ 24 ]. 

 Controversy exists with the use of this technol-
ogy during emergent vs. routine conditions and 
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that the lost art of using “anatomic markings” 
should not be forgotten [ 2 ].  Ultrasound   guidance 
for catheterization of the internal jugular vein 
compared to landmark techniques has shown 
advantages over landmark technique [ 25 ]. 
Different individuals acquire the necessary knowl-
edge and skills at different rates. It is recommended 
that a minimum number of 10 ultrasound- guided 
vascular access procedures be supervised to dem-
onstrate competency in the technique. Utilizing 
the ultrasound can decrease the incidence of unin-
tentional injury to the carotid artery, decrease the 
risk of causing a pneumo- or hemothorax, and 
improve direct visualization of the guidewire for 
proper placement in the vein [ 26 ]. 

 Process improvements can  help   to eliminate 
serious adverse events, which include traditional 
training methods, simulation training, and the 
effective use of checklists [ 27 ]. Procedural expe-
rience, training, and complications vary among 
trainers. Experience does not equal expertise, 
especially when new technology is introduced.  

3.2.3     Retained  Foreign   Objects 

 When performing an invasive procedure, “unin-
tended retained foreign objects” (URFOs)    can 
result in a sentinel adverse event. Objects most 
commonly left behind include:

    1.    Soft goods, such as sponges and towels   
   2.    Small miscellaneous items, including unre-

trieved device components or fragments (such 
as broken parts of instruments), stapler com-
ponents, parts of laparoscopic trocars, guide-
wires, catheters, and pieces of drains   

   3.    Needles and  other   sharps   
   4.    Instruments, most commonly malleable 

retractors [ 28 ]    

3.2.4        Surgical Fires   

 An estimated 600  surgical fi res   occur on a yearly 
basis and can result in devastating outcomes. 
Most importantly, SURGICAL FIRES ARE 
PREVENTABLE MEDICAL ERRORS! 

 Surgical fi res can occur if all three elements of 
the fi re triangle are present:

    1.    Ignition source (e.g., electrosurgical units 
(ESUs), lasers, and fi ber-optic light sources)   

   2.    Fuel source (e.g., surgical drapes, alcohol- 
based skin preparation agents, the patient)   

   3.    Oxidizer (e.g., oxygen, nitrous oxide, room 
air) [ 29 ]     

 Identifi cation of a high-risk fi re case should be 
identifi ed prior to a procedure. These same fi res 
can easily occur in the critical care setting, proce-
dural setting, and other settings where patient 
care is rendered.  

3.2.5      Teamwork Models   

 An important  aspect   of care rendered in the ICU 
revolves around understanding safety and error 
prevention strategies, teamwork, and team lead-
ership [ 30 ]. The incorporation of evidence-based 
teamwork tools [e.g., TeamSTEPPS, crew 
resource management (CRM)] can enhance  com-
munication,   performance, knowledge, and over-
all attitude.  TeamSTEPPS   is an evidence-based 
set of teamwork tools aimed at optimizing patient 
outcomes by improving communication and 
teamwork skills. The four primary teamwork 
skills include (1) leadership, (2) communication, 
(3) situation monitoring, and (4) mutual support. 
Teamwork outcomes are enhanced by (1) perfor-
mance, (2) knowledge, and (3) attitude. If there is 
a concern that a safety error can occur, it is rec-
ommended to “stop the line.” 

 Several interventions to overcome personal 
barriers can be implemented. The two-challenge 
rule is used when an initial assertive statement is 
ignored. If a statement is repeated twice, the team 
member can be challenged and acknowledge that 
they heard the concern. In addition, TeamSTEPPS 
also uses an assertive statement called CUS. The 
pneumonic CUS stands for: I am  C oncerned! I 
am  U ncomfortable! This is a  S afety Issue! If 
there is a confl ict that is not resolved, then  mutu-
ally   supported escalation to a supervisor or more 
senior colleague should occur [ 31 ]. 
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 Crew resource management emphasizes a safe 
and consistent delivery of care through respectful 
teamwork [ 32 ]. CRM incorporates Teamwork 
Skills and Hardwired Safety Tool Workshops 
resulting in implementation of tools and the 
development of metrics. 

 Both TeamSTEPPS and CRM  focus   on prin-
ciples that treat everyone with respect. They fully 
support you when you speak up in the interest of 
patient safety and do not allow any retaliation for 
expression of concerns.   

3.3     The Culture of Safety 

 “Huddles” are friendly and casual types of dis-
cussion that exist prior to a procedure being per-
formed. Discussions can include staffi ng, 
equipment needs,    and other requirements for the 
procedure. Important procedural elements in the 
checklist should minimally include conducting a 
pre-procedure verifi cation—the correct patient, 
the correct procedure, and the correct site—
marking the procedural site, and performing the 
time-out. Risk assessments can be integrated into 
the pre-procedural checklist. The recommended 
steps in preparation for a procedure can include:

•    Identifi cation of the medications being uti-
lized in a procedure. Each basin or syringe 
should be clearly labeled with the medication 
or solution that it contains.  

•   A discussion on how sharps (scalpels, needles, 
etc.) may be handled (neutral basin) is 
important.  

•   An instrument count prior and after a proce-
dure should be incorporated.  

•   If an insertion kit contains a guidewire for line 
placement, that guidewire must be accounted 
for on completion.  

•   Proper disposal of equipment, supplies, and 
contaminants is also required.    

 During the “time-out,” everyone  stops   what 
they are doing and pays attention to the reader 
who usually uses a preapproved script. A source 
document is usually present, and other methods 

of patient verifi cation may include matching the 
patient’s identifi cation band and date of birth. 

 The time-out process requires the participa-
tion of every member in the procedural area. 
Agreement may focus on known allergies, medi-
cations, blood products, and potential concerns 
and also include minimally the correct patient, 
the correct site, and the correct procedure to be 
performed. Each member in the room will verify 
these elements by saying that they agree, one at a 
time. This gives the opportunity of every member 
to “speak up” if there is a patient safety concern. 

 If a second procedure is to be performed, then 
an additional time-out is required. If there is a 
concern with a safety issue or during the prep-
ping and draping of the patient due to a contami-
nation issue, an outside reviewer can stop the 
procedure. The safety issue needs  to   be addressed 
before moving on. 

 Upon completion of the procedure, a “debrief” 
should take place. The debrief should describe 
what went well, what didn’t go well, and what 
can “the team” do to improve  the   next time. If all 
are in agreement, the debrief is completed and 
recorded. If there is disagreement, with no reso-
lution, a concern report may be fi led. A safety 
committee will assign a safety assessment code 
score upon receiving a concern report. This 
assessment compares the probability to the sever-
ity of the event as low, medium, or high risk. The 
concern report is then forwarded to an 
 administrative team to review the issue and meet 
with the team involved. Many times the issue 
revolves around equipment, instrumentation, 
environment, possibly behavior, and other issues. 
An organization that utilizes a non-punitive 
approach helps to evaluate whether actions were 
acceptable or unacceptable. 

 Other multidimensional approaches can help to 
minimize errors and improve clinical and economi-
cal effectiveness in the ICU [ 9 ]. Team cross-check 
during multidisciplinary rounds can focus on spe-
cifi c quality initiatives. The development of hard-
wired tools with key indicators that impact 
outcomes is an important element of the process 
and has demonstrated improvements in further 
understanding necessary tasks and procedures [ 33 ]. 
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 The concept of closed  loop    communication 
  helps to avoid misunderstandings. 

 An example includes a hand-off communica-
tion tool that provides essential patient manage-
ment information and especially allows two-way 
communication with the ability of the receiver to 
ask specifi c questions regarding the patient, pro-
cedures, test, etc. Other ways of verifi cation 
include confi rming the message by a read back 
and the sender confi rms by saying “yes.” If the 
sender does not get a reply, the statement is 
repeated until the loop is closed with the appro-
priate “yes” response. If the response were incor-
rect, the sender would say negative [ 31 ]. 

 SBAR is a  communication tool   used to trans-
mit critical information.

    Situation : What is going on with the patient?  
   Background : What is the clinical content or context?  
   Assessment : What do I think the problem is?  
   Recommendation and Request : What would I do 

to correct it?    

 Other  communication   measures that can  be 
  incorporated include a “callout,” where critical 
information can be read out loud by an outside 
reader informing all members of the team during 
emergent situations [ 31 ]. 

 The Swiss cheese model of accident causation 
identifi es that a series of successive layers of 
defenses, barriers, and safeguards can result in 
unintended losses simply due to active failures 
and associated latent conditions. The image of 
multiple pieces of Swiss cheese helps to identify 
the system failures or medical mishaps that occur 
under the best of intentions [ 34 ]. 

 Not being aware of what is going on in the 
periphery can be labeled as “tunnel vision.” A 
procedural example deals with “ fi ber-optic cord 
capacitance.”   During a laparoscopic procedure, 
the focus is on the tip of the cautery or laser. For 
example, little-to-no attention is placed on the 
fi ber-optic cord, which may cause thermal injury 
to a vital structure. The same can occur when 
observing a monitor. The focus can be on an 
individual hemodynamic measure instead of 
addressing all the fi ndings and understanding 
the complete picture. 

 Finally, behavioral errors can lead to an error 
by slips (human error), taking shortcuts (risky 
behavior) and blatantly ignoring required safety 
steps (reckless behavior) [ 35 ]. A high anxiety 
environment should never occur. Recognizing that 
one is having diffi culty in performing a procedure 
does not mean failure.  Escalation protocols   should 
be clearly identifi ed. Many times escalating an 
issue is not an indication of shame or failure.  

3.4      Cognitive Aids   

 Cognitive aids help to guide users to perform 
 tasks   and decrease the number of errors with per-
formance. They are especially helpful in stressful 
situations where complex steps and possible 
omissions can occur. “The main difference from 
guidelines, protocols or standard operating pro-
cedures is that they are to be used while the task 
is being performed [ 36 ].” 

 Recommendations are:

    1.    Its content must be derived from “best prac-
tice” guidelines or protocols.   

   2.    Its design should be appropriate for use in the 
context of the emergency situation.   

   3.    It should be familiar, in a format that has been 
used in practice and training.   

   4.    It should also assist other team members to per-
form their task in a coordinated manner [ 36 ].      

3.5      Checklists   

 Healthcare professionals are  now   increasingly 
using different approaches to improve patient 
safety and quality outcomes. Methods to reduce 
patient harm and eliminate medical errors are 
being monitored in the form of the checklist. 
Atul Gawande, MD, in his book,  The Checklist 
Manifesto , reviews the positive impact of check-
lists used in many fi elds, including healthcare. 
According to Dr. Gawande, “the volume and 
complexity of what we know has exceeded our 
individual ability to deliver its benefi ts cor-
rectly, safely, or reliably. Knowledge has both 
saved us and burdened us” [ 37 ]. 
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 In the medical setting,  checklists   can promote 
process improvement and increase patient safety. 
Having a formalized protocol will reduce errors 
caused by lack of information and inconsistent 
procedures. Checklists have improved processes 
for patient care in intensive care and trauma 
units. Along with improving patient safety, 
checklists create a greater sense of confi dence 
that the process is completed accurately and thor-
oughly. Working collaboratively with the World 
Health Organization (WHO), Dr. Gawande 
examined how a surgical safety checklist was 
implemented and tested in eight hospitals world-
wide. With this checklist, major postsurgical 
complications at the hospitals fell 36 % and 
deaths decreased by 47 % [ 37 ]. Even with this 
successful trial, based on several studies, the 
standardization of surgical processes should not 
be limited to the operating room as the majority 
of surgical errors (53–70 %) occur outside the 
operating room, before or after surgery. This 
would ensure that a more substantial improve-
ment in safety could be achieved possibly by tar-
geting the entire surgical pathway [ 38 ]. 

 In another study, two surgical teams partici-
pated in a series of simulated emergencies. Each 
team performed 8 simulated operations in which 
one or more crises existed. The teams were ran-
domly selected and managed 4 scenarios with a 
checklist and 4 from memory alone. Checklist use 
during operating room crises resulted in nearly a 
75 % reduction in failure to adhere to critical 
steps in management. Every team performed bet-
ter when the crisis checklists were available. 
Survey responses stated that the checklists made 
the team feel better, were easy to use, and could 
be used in a real-life emergent situation, and if 
there was an intraoperative emergency, they 
would want the checklist to be used [ 39 ]. 

 Ariadne Labs is a Joint Center for health sys-
tems innovation at Brigham and Women’s 
Hospital and Harvard School of Public Health. 
The researchers are devoted to designing scal-
able solutions that drive better care at the most 
critical moments in people’s lives everywhere. A 
Crisis Checklists Download Registration form is 
available to customize the  crisis checklists   for 
specifi c facility usage [ 40 ]. 

 The Stanford Emergency Manual is an excel-
lent aid for perioperative critical events. This is a 
free perioperative emergency manual that con-
tains several critical events as well as crisis man-
agement resource key points. 

 The researchers provide reasons  for   imple-
menting an emergency manual:

    1.    In simulation studies, integrating emergency 
manuals results in better management during 
operating room critical events   

   2.    Pilots and nuclear power plant operators use 
similar cognitive aids for emergencies and 
rare events, with training on why and how to 
use them   

   3.    During a critical event, relevant detailed liter-
ature is rarely accessible   

   4.    Memory worsens with stress and distractions 
interrupt planned actions.   

   5.    Expertise requires signifi cant repetitive prac-
tice, so none of us are experts in every emer-
gency [ 41 ].    

  The use of checklist training can be integrated 
with TEAMSTEPPS or crew resource manage-
ment (CRM). In the operating room, the  intensive 
 care   units, procedural areas,  and   other venues, 
these safety tools can be implemented.  

3.6     Conclusion 

 Chassin [ 42 ] notes that after nearly 14 years 
since the Institute of Medicine report (IOM), 
“To Err is Human: Building a Safer Health 
System,” there is still a widespread overuse of 
services, there is a need for more effective strat-
egies and tools to address management 
complexities in healthcare, and the cultures of 
most American hospitals and healthcare organi-
zations need change. Leadership’s adherence to 
safe practices needs to eliminate intimidating 
behavior that does not allow for accurate report-
ing and results in unsafe conditions. 

 “Challenges for the future include continued 
improvement in our systems of care and inclu-
sion of patient safety training in standard educa-
tional curricula for health professionals [ 43 ].” 
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Online learning or blended learning models may 
be a necessary direction to actually go beyond the 
walls and provide the type of asynchronous 
learning supported by current evidence-based 
and peer-reviewed literature [ 44 ]. 

 Since “human infallibility is impossible, the 
only chance to keep human errors from hurting 
patients is by creating collegial interactive 
teams” [ 45 ].     
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4.1           Introduction 

 This chapter will focus on the processes for cre-
dentialing, privileging, and maintenance of cer-
tifi cation. The advanced care practitioner will 
be able to understand the differences between 
credentialing and privileging as well as the 
importance of each process. The role of state 
laws, regulatory agencies, and accreditation 
agencies will be discussed to provide the con-
text of these processes. The chapter will con-
clude with a discussion on the role of 
certifi cation and maintenance of certifi cation as 
it pertains to compliance with regulatory and 
accrediting agencies,  competency  , and patient 
safety. 

 Before discussing the various processes in this 
chapter, it is crucial to defi ne them for clarity. 
Many times the processes of credentialing, privi-
leging, and maintenance of certifi cation are con-
fused or combined into one concept. However, 
there are three distinct and separate processes 
that happen to be interrelated as they all apply to 
 patient care   and competency. 

  Credentialing   is a formal process that has both 
internal and external regulatory requirements for 
reviewing the “credentials” of an applicant for 
clinical appointment within an institution or 
practice. This process is governed by internal 
policy, state law, external  regulation  , and accred-
itation requirements. During this process, the 
candidate’s degrees, medical training, licensure, 
certifi cations, professional references, compe-
tency attestations, malpractice data, and insur-
ance claims data are reviewed. This process 
focuses on primary source verifi cation. The med-
ical staff offi ce or practice management will 
request documentation and will contact informa-
tion sources directly such as universities, training 
program, previous employers, national data-
bases, and licensing bodies [ 1 ]. 

  Privileging   is an internal process used by insti-
tutions and practices to defi ne and approve clinical 
activity. This process is governed by internal policy 
and is referenced by state law, external regulators, 
and accreditation agencies. Unlike credentialing, 
the process for privileging is completely at the dis-
cretion of the institution or practice. The external 
groups merely require that there is a standard pro-
cess in place and that clinicians are deemed to be 
competent, but they do not defi ne what that process 
entails. A clinician’s privileges defi ne their scope of 
practice, detail the specifi c  patient care   activities 
that are allowed, and communicate to other mem-
bers of the workforce what each provider is allowed 
to do within the institution or practice [ 2 ]. 
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 Maintenance of certifi cation ( MOC  )    is a pro-
cess in which individual clinicians complete 
 certain training, education, performance 
improvement, and self-assessment activities in 
order to keep certifi cation from state or national 
certifi cation agencies. This typically includes a 
formal examination of medical knowledge, 
patient care, ethics, and regulatory knowledge. 
The MOC process varies by each certifying 
agency and is typically specifi c to physicians, 
advanced practice registered nurses, and physi-
cian assistants. State and government licensing 
agencies typically require these profession- 
specifi c certifi cations for the granting of licen-
sure. There are also certifi cations that are not 
specifi c to any profession such as radiation 
safety certifi cation, CPR, fundamentals of criti-
cal care, pediatric advanced life support, and 
others. These types of certifi cations may be 
required by institutions and practices in addition 
to the professional certifi cations that are 
required to keep licensure. MOC is usually a 
requirement for continued credentialing and the 
grant of privileges by institutions and practices. 

 It is evident that these processes are interre-
lated, but it is also important to remember that 
each process has its own requirements, timeline, 
and review process. In general institutions and 
practices use these processes to fulfi ll both inter-
nal and external requirements to ensure that cli-
nicians are competent, that patients are treated 
safely, and that quality care is provided. 
Accrediting agencies such as the Joint 
Commission require that certain elements of per-
formance are completed during credentialing and 
privileging in order for an institution or practice 
to be accredited. Government agencies such as 
the  Centers for Medicare and Medicaid Services 
(CMS)   and insurance companies also require 
that certain conditions of participation are met 
before they will reimburse for  patient care   and 
other clinical services [ 3 ]. It is crucial that clini-
cians have an understanding of these processes 
and comply with requests for information, docu-
mentation, and professional references, as well 
as meet any training or education requirements 
as indicated by the institution or practice.  

4.2      Credentialing   

 This is the fi rst step to practice as an Advanced 
Care Practitioners ( ACP  )   . Any employer will need 
to review the education, training, certifi cation, and 
previous work experience of an ACP [ 4 ]. Small 
practices and large institutions are required to 
complete this assessment at a minimum to ensure 
patient safety. Institutions such as hospitals and 
university medical centers will have a well-defi ned 
process in place that will likely be governed by 
 bylaws   and policies. Clinical practice may simply 
have checklists or internal guidelines. Whichever 
the case, it is crucial for the ACP to review the pro-
cess and follow it within the timeframe allotted. 

  Primary source verifi cation   is a key  concept 
  within the credentialing process. Employers will 
go to the source of information that can verify the 
credentials of the ACP. This will include educa-
tion, licensure, certifi cation(s), and last employ-
ment position. Employers will contact the sources 
of this information directly without the need for 
the ACP to provide any additional information 
[ 5 ]. The ACP should not list any items in the cre-
dentialing packet that cannot be verifi ed. 

 The review of  Malpractice and Insurance 
Claims data   will be completed at institutions and 
based on state requirements for reporting by the 
ACP. There are several national databases that 
provide this service for a fee. The ACP will not 
be asked to gather or provide this information 
from these national databases. However, they 
may be required to self-report any malpractice 
history or insurance claims. The ACP should be 
prepared to discuss each judgment, dismissal, or 
claim to provide the clinical details and out-
comes. It is critical to be completely forthcoming 
with the details for any/each event. The ACP can 
face a negative credentialing decision if they 
mischaracterize or omit any information. 

 The ACP will be requested to furnish a sub-
stantial list of information in the credentialing 
application beyond education, licensure, certifi -
cation, and work history. The process will include 
written attestations of fi tness for duty and self- 
reporting. As previously mentioned, this will 
include malpractice and insurance claims. This 
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will also include standard questions regarding 
health status, mental health history, physical dis-
ability, substance abuse, rehabilitation from 
addiction, and behavioral issues. The ACP will 
also be asked to describe any disciplinary issues 
from previous employers. While this information 
may seem intimate and personal, it is required by 
credentialing processes and based on state law, 
accrediting agencies, and payer’s requirements 
for enrolling providers into their system. 

 Professional references are an important part 
of the credentialing process that will require care-
ful consideration by the ACP. Identifying those 
physicians, physician assistants, and advanced 
practice registered nurses that have recently 
worked with  the   ACP in a clinical setting is only 
one aspect of professional references. It will be 
crucial  for   the ACP to ensure that those references 
are not only familiar with the clinical work of the 
ACP but can also positively speak to the compe-
tence and professionalism of the ACP. Poor feed-
back from professional references can signifi cantly 
impact the credentialing process unfavorably. 

 Once the credentialing application is com-
plete, the  review process   begins. This will include 
review by the medical staff offi ce or practice 
management to ensure that the application is 
complete. Once the application is complete, it 
will then be submitted for formal review by a cre-
dentials committee that will include review from 
professional peers. The review process is gov-
erned by a number of guidelines that will be 
based on  bylaws   and policies as well as outside 
regulatory agencies [ 6 ]. There will also be a pro-
cess to appeal any decisions if they are negative 
toward the ACP. It is important for the ACP to 
review the process and understand all of their 
options during the process. Negative credential-
ing decisions are reportable and discoverable. A 
negative credentialing decision can signifi cantly 
impact future employment of an ACP.  

4.3     Privileging 

 This is the process that governs what the clinical 
role or scope of practice will be for an ACP. Once 
an employer had accepted the credentials of an 

ACP, they must defi ne what the role of the  ACP   
will be within their organization. There is typi-
cally a standard request form that is completed by 
the ACP and their collaborating physician(s). 
This form may have a standard set of clinical 
activities, procedures, and  patient care   responsi-
bilities, or it may be up to the ACP to defi ne what 
they will need to be authorized to do in order to 
effectively provide patient care. The privileging 
request is typically reviewed by the same com-
mittee that reviews credentialing applications. It 
is important to remember that the ACP is not 
authorized to engage in any kind of patient care 
until they receive privileges [ 7 ]. 

 The purpose of privileging is not only to defi ne 
the clinical  role   of the ACP; it also ensures that 
there are minimum standards in training and 
experience for the ACP to hold each particular 
privilege. This is one of the most important meth-
ods for ensuring patient safety and quality of care. 
Typically healthcare institutions, practice groups, 
or hospitals will set parameters around the type of 
training and a minimum number of times an ACP 
has performed certain procedures before they will 
grant authority for the ACP to perform those pro-
cedures. There may be required training protocols 
and standard  competency   assessments as part of 
the privileging process. The ACP should maintain 
a log of their training and the number of each pro-
cedure that they have performed. This will greatly 
simplify the privileging process by providing a 
detailed account for review. 

 When an ACP has held privileges at previ-
ous institutions, having letters of attestation 
from supervising physician(s) is in the best 
interest of the ACP. These letters can be used in 
lieu of having to recomplete training and per-
form minimum numbers of procedures. It 
makes little sense for an ACP to spend time in 
this activity if they have previously held and 
competently performed privileges. Even with 
letters of attestation, some employers may 
require the ACP to demonstrate profi ciency and 
 competency   in certain procedural privileges 
before granting the ACP that privilege. This 
should not discourage or concern the ACP. They 
should be willing and able to demonstrate their 
skill and expertise as needed. 
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28

 For the advanced  practice   registered nurse 
(APRN)   , it is important to understand the role of 
the  chief nursing offi cer (CNO)   for any institu-
tion. Beyond what is required by the medical 
staff,  bylaws  , policy, or practice guidelines, the 
CNO has the responsibility and authority to 
govern nursing practice. This may be as simple 
as reviewing the previous experience, licensure, 
and certifi cation or the APRN. However, it can 
include additional documentation, peer refer-
ences, or specifi c training required for nurses 
within the institution such as mock code certifi -
cation, population-based  competency   training, 
or age-specifi c competency training. The APRN 
should be aware of the role of the CNO and any 
additional requirements for clinical practice that 
might be required. 

 When applying for privileges, it will be funda-
mentally important for the ACP to understand the 
laws of the state that govern their professional 
practice. Typically, each state will have laws that 
govern the practice of APRNs and PAs. There is a 
great deal of variation in ACP practice  laws   from 
state to state. The ACP should never assume that 
what was allowed in one state will also be allowed 
in another state. The ACP must review the prac-
tice laws governing their profession in each and 
every state in which they practice. State law typi-
cally sets the maximum (the “ceiling”) of profes-
sional practice for the ACP. Employers are allowed 
to lower the professional practice of ACPs to less 
than what the state allows. This could include a 
requirement for certain orders to have physician 
co-signature, limitations on independent practice, 
or limitations on certain procedures or clinical 
activities. While the ACP may not agree with 
these limitations, it is important to realize that this 
kind of limitation is allowable and a normal prac-
tice. Fortunately, most employers realize that lim-
iting ACPs is detrimental to clinical effectiveness, 
patient access, and quality of care. 

 The privileging process is one that is continu-
ous in nature. Simply because one was granted 
privileges in the past does not mean that they will 
continue on indefi nitely. National accreditation 
standards, such as the Joint Commission (JC), 
require the institutions to review the  performance   
and set minimum standard for the maintenance of 

privileges. Additionally, it is an accepted practice 
standard to re-privilege physicians, APRNs, and 
PAs every two years. During these cycles, the 
number of times an individual has performed cer-
tain procedures and the quality with which they 
were performed will be reviewed. It is worth men-
tioning that there are two review processes uti-
lized:  Focused Professional Practice Evaluation 
(FPPE)   and  Ongoing Professional Practice 
Evaluation (OPPE).   The FPPE process is used 
when an individual is fi rst granted privileges, 
receives new privileges, or has questions raised 
about their competence. During FPPE, the ACP 
will be assigned a proctor that will be responsible 
for evaluating the ACP performance. This evalua-
tion will last a minimum of 6 months and can 
include chart review, interviews, observation, 
testing, and discussing performance with peers or 
staff [ 8 ]. Once FPPE is successfully completed, 
the ACP will move into the OPPE process. This 
requires the ongoing and current review of met-
rics and data that must be accumulated to assess 
the ACP performance in comparison to others that 
hold the same privileges. The purpose of OPPE is 
to identify outliers in clinical practice with regard 
to utilization of resources, adherence to practice 
standards, quality of care, and patient safety [ 9 ]. 

 The ACP should review and understand all of 
the requirements for the privileging process, 
FPPE, OPPE, and re-privileging. These are typi-
cally outlined in  bylaws  , policies, or practice 
guidelines. The ACP should engage in conversa-
tions with their clinical supervisors and  managers   
early in the process to ensure that they have the 
support and direction they need to be successful.  

4.4     Maintenance of Certifi cation 

 The certifi cation process is the mechanism 
used by local and national professional certifi -
cation bodies to document that ACPs have met 
certain standards and in some cases have 
passed standardized examinations. Some of 
these certifi cations, such as the Physician 
Assistant National Certifying Examination 
( PANCE  ),    are requirements for obtaining licen-
sure as an ACP [ 10 ]. The initial certifi cations 
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are typically based on completing education in 
an ACP training program and then passing a 
standardized examination. However, mainte-
nance certifi cation generally requires a com-
mitment to ongoing education, clinical practice, 
performance improvement, self-assessment, 
and other activities. 

 Generally speaking, certifi cation is used as a 
surrogate for  competency   in the areas of medi-
cal knowledge and  patient care  . There are some 
certifi cations that are used to ensure technical 
competencies and knowledge of safety pro-
cesses such as  Radiation Safety Certifi cation  . 
The point of these certifi cations is to ensure that 
ACPs are exposed to a standard set of knowl-
edge and skills related to their work of provid-
ing care to patients. As such, institutions, 
medical practices, licensing boards, accrediting 
agencies, and insurance companies have adopted 
these certifi cations as an indication that an ACP 
is prepared to provide care and should be reim-
bursed for that care. 

 Is it imperative that the  ACP   is aware of the 
certifi cations that are required for their practice 
and the roles they assume within each institu-
tion or practice. Additionally, they must adhere 
to the prescribed methods set forth by each cer-
tifying agency for the maintenance of their cer-
tifi cations. In most cases, this will require the 
ACP to complete a certain number of continu-
ing education hours within a specifi ed time 
frame or cycle. Some certifi cations require 
specifi c content such as ethics or pharmacol-
ogy. Others simply provide general require-
ments that the continuing education 
meet certain standards and that a specifi ed 
number of hours are completed within each 
certifi cation cycle. 

 The ACP should be aware of the recent 
changes in physician maintenance of certifi ca-
tion. The American Board of Internal Medicine 
( ABIM  )   , for example, has created a 10-year 
cycle for physicians in internal medicine special-
ties that will require a number of areas of activ-
ity. These include: continuing education in 
medical knowledge, practice assessment (perfor-
mance improvement), patient safety training, and 

passing a recertifying examination [ 11 ]. This is 
important for the ACP because some certifi cation 
bodies such as the National Commission on the 
Certifi cation of Physician Assistants ( NCCPA  )    
have adopted this MOC process. This means that 
ACPs can and should work with their collaborat-
ing physicians in completing MOC activity. This 
is particularly true for practice assessment in 
which the care of patients is assessed for adher-
ence to certain standards of care, and then prac-
tice improvements are implemented. This type of 
activity is intended to educate participants in the 
area of performance improvement. 

 It is important that the ACP is supported in 
MOC activity by their institutions or practice. 
The ACP will need time and funds in order to 
participate and successfully complete the variety 
of educational and performance assessment acti-
vates required for MOC [ 12 ,  13 ]. It is a generally 
accepted practice that physicians, advanced 
practice registered nurses, and physician assis-
tants are granted a certain number of educational 
days per year and a fi xed amount of funding for 
their MOC. The ACP should discuss these bene-
fi ts as part of the interview process and before 
they accept any position.  

4.5     Summary 

 The ACP must be aware of the processes and 
requirements involved in credentialing, privi-
leging, and maintenance of certifi cation. As 
they expand their clinical skill and learn new 
procedures, these processes will govern their 
ability to provide care to their patients. Every 
institution and practice has internal and external 
requirements to ensure that providers are com-
petent to provide safe and effective care. This 
also includes insurance companies and other 
payers that have their own sets of rules that 
govern who they  reimburse for care and how 
they reimburse that care. The ACP must be 
informed and adhere to all of these if they wish 
to be successful in growing their practice, learn-
ing new procedures, and providing quality care 
to their patients.     
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      Billing and Coding for Procedures                     

     David     Carpenter     

  5

5.1           Introduction 

•  Disclaimer
 –    This presentation was current at the time it 

was submitted. It does not represent pay-
ment or legal advice.  

 –   Medicare policy changes frequently, so be 
sure to keep current by going to   www.cms.
gov    .  

 –   Although every reasonable effort has been 
made to assure the accuracy of the infor-
mation within these pages, the ultimate 
responsibility for the correct submission of 
claims and response to any remittance 
advice lies with the provider of services.  

 –   The American Medical Association has 
copyright and trademark protection of 
CPT ©.    

 Procedures are a common part of the critical care 
physician assistant ( PA  )    and nurse practitioner 
( NP  )  practice  . While a signifi cant portion of PAs 
and NPs perform procedures, billing for them is 
less understood. Institutional billing and commer-
cial carriers are accustomed to billing for physi-
cian services and may not understand how to bill 
for PAs and NPs. In addition, procedural billing is 

relatively complex, and descriptors are very simi-
lar for multiple procedures. Billing incorrectly 
carries substantial penalty. Failure to bill will lead 
to signifi cant revenue loss for the PA or NP 
employer. Incorrect billing can carry substantial 
penalties from Medicare and Medicaid. By select-
ing the proper procedure to bill for and ensuring 
adequate documentation, the PA or NP can ensure 
their reimbursement is adequately represented.  

5.2     Basis for  NP and PA Billing   

 PA and NP procedural regulation is a complex mix 
of hospital bylaws, state law, and insurance com-
pany regulations. It is beyond the scope of this 
article to evaluate all state laws and hospital bylaws. 
It is incumbent on the provider to know the particu-
lar rules and regulations that govern their practice. 

5.2.1      Medicare billing   

 Medicare has authorized PA and NP billing since 
1986. The description for PA practice is included 
in the Medicare Benefi t Policy Manual Chapter 
15, Section 190 [ 1 ]. 

 “The services of a PA may be covered under 
Part B, if all of the following requirements are met:

•    They are the type that are considered physi-
cian’s services if furnished by a doctor of 
medicine or osteopathy (MD/DO);  

        D.   Carpenter ,  MPAS, PA-C      (*) 
  Emory Center for Critical Care ,   Atlanta ,  GA ,  USA   
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•   They are performed by a person who meets all 
the PA qualifi cations,  

•   They are performed under the general supervi-
sion of an MD/DO;  

•   The PA is legally authorized to perform the 
services in the state in which they are per-
formed; and  

•   They are not otherwise precluded from coverage 
because of one of the statutory exclusions.”    

 Notably two important  statements   are made in 
regard to procedures: 

 “Also, if authorized under the  scope   of their 
State license, PAs may furnish services billed under 
all levels of CPT evaluation and management 
codes, and diagnostic tests if furnished under the 
general supervision of a physician.” 

 “The physician supervisor (or physician desig-
nee)    need not be physically present with the PA 
when a service is being furnished to a patient and 
may be contacted by telephone, if necessary, unless 
State law or regulations require otherwise.” 

 Taken together, these two statements autho-
rize PAs to perform diagnostic and therapeutic 
procedures as authorized by state law. 
Furthermore, there is no requirement for direct 
physician oversight unless required by state law. 

 For NPs, the regulation  is   found in the 
Medicare Benefi t Policy Manual Chapter 15, 
Section 200. 

 The rules are very similar to those of the 
PA. The principle difference is the use of collabo-
ration to describe the relationship with physicians. 

 “The services of an NP may be covered under 
Part B if all  of   the following conditions are met:

•    They are the type that are considered physi-
cian’s services if furnished by a doctor of 
medicine or osteopathy (MD/DO);  

•   They are performed by a person who meets 
the defi nition of an NP (see subsection A);  

•   The NP is legally authorized to perform the 
services in the State in which they are 
performed;  

•   They are performed in collaboration with an 
MD/DO (see subsection D); and  

•   They are not otherwise precluded from cover-
age because of one of the statutory exclusions. 
(See subsection C.2.)”    

 In terms of collaboration: 
 “In the absence of State law  governing   collabo-

ration,    collaboration is to be evidenced by NPs 
documenting their scope of practice and indicating 
the relationships that they have with physicians to 
deal with issues outside their scope of practice. 

 The collaborating physician does not need to 
be present with the NP when the services are fur-
nished or to make an independent evaluation of 
each patient who is seen by the NP.” 

 Similar to the PA, the NP collaborating  phy-
sician   does not have to be present for a proce-
dure. As with the PA, the state law governs 
scope of practice. 

 Finally, while other E/M services may be sub-
ject  to   share billing with the services performed 
in conjunction with the services, procedures must 
be billed by the provider who performed them. In 
terms of reimbursement, in comparison to physi-
cians, Medicare reimburses PAs and NPs at 85 % 
of the agreed physician payment rate for all ser-
vices  including   procedures.  

5.2.2      Private Payer Billing      

 Private payer billing is in some ways more convo-
luted and in some ways simpler than Medicare. At 
the time of this chapter, the majority of insurance 
companies are not credentialing PAs and NPs. In 
this case, most insurance companies have 
instructed practices to bill for the PA or NP services 
under the supervising or collaborating physician’s 
national provider identifi er ( NPI  )   . This is generally 
reimbursed at the physician rate. A number of 
insurance companies have begun to credential PA 
and NPs with a variety of reimbursement rates. 
Whether this trend will continue is uncertain. 

 A common problem in ensuring private payer 
reimbursement is using the correct terminology 
when inquiring about PA and NP reimbursement. 
When asked if a particular insurance company 
reimburses for PAs or NPs, the answer is fre-
quently “no.” However, the correct way to ask 
this question is “how do we submit for reimburse-
ment for a PA or NP”? The answer will generally 
be to submit the bill under a physician NPI. 

 PAs and NPs can bill for procedures in  almost 
  all circumstances. However, administrative staff 
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may be unfamiliar with billing methods for PAs 
and NPs which may differ from those of  physician. 
Close cooperation and monitoring of billing fl ow 
is  a   key to productive billing in the  ICU  .   

5.3     Critical Care and Billing 
for Procedures 

 Critical care has separate  billing   from  evalua-
tion and management (E/M).   When using the 
Current Procedural  Technology   [ 2 ] (CPT) 
codes 99291 (fi rst 30–74 min critical care) and 
99292 (each additional 30 min), certain proce-
dural CPT codes are considered bundled into 
critical care. The list can be found in  the   
Medicare Policy Manual Chapter 12, Section 
30.6.12 [ 3 ] (Table  5.1 ).

   Any other medically necessary procedure 
code may be billed separately. Also note that this 
only applies to critical care billing. If services are 
performed on E/M patients (CPT 99221–3 and 
99231–3) or performed separately on the fl oor 
such as with a rapid response team, some proce-
dures such as vascular access or gastric intuba-
tion may be reimbursable.  

5.4      Vascular Access   

 Vascular access is one of the most  common    ICU 
  procedures that PAs and NPs perform. Billing 
for vascular access is relatively complicated 
given the similar descriptions of the vascular 
access procedures. 

5.4.1     Central Venous Access 

 The most common  procedure   is a  central venous 
line (CVL)  . CVLs include both non-tunnel cen-
tral venous catheters and  peripherally inserted 
centrally catheter (PICC)  . Ports are also included 
in this category. As these are not usual ICU pro-
cedures, they are not included in this chapter. 
CVL is divided based on age. In addition, ICU 
PAs and NPs should be aware that removal of a 
tunneled CVL is reimbursable under codes 36589 

and 36590 (depending on with or without a port). 
CVL repair is also reimbursable under code 
36575. Finally, replacement of a CVL over a wire 
uses code 36580 (Table  5.2 ).

   Particular care should be taken when  using   
CPT codes to make sure the correct code is used. 

   Table 5.1     Procedures   bundled into critical care (99291 
and 99292) codes   

 Services and 
procedures  CPT  Description 

 Interpretation of 
cardiac output 
measurements 

 93561  Cardiac output 
measures 

 93562  Subsequent CO 
measures 

 Chest X-ray, 
professional 
component 

 71010  CXR single view 

 71015  Stereo CXR 

 71020  2 view CXR 

 Blood draw for 
specimen 

 36415  Venipuncture 

 Blood gases and 
other information 
stored in computers 

 99090  Analysis of patient 
data 

 Gastric intubation  43752  NG or OG placement 

 Pulse  oximetry    94760  Pulse oximetry 

 94761  Pulse ox exercise 
testing 

 94762  Pulse ox continuous 
overnight 

 Temporary 
transcutaneous 
pacing 

 92953  Transcutaneous 
pacing 

 Ventilator 
management 

 94002  Vent management 
initial day 

 94003  Vent management 
subsequent 

 94004  Vent management 
nursing home 

 94660  CPAP initiation 

 94662  Pentamidine 
inhalation 

 Vascular access 
procedures 

 36000  Introduction catheter 
into vein 

 36410  Venipuncture, age 3 
years or older 
requiring physician 
skill (not for routine 
venipuncture) 

 36591  Collection of blood 
from port 

 36600  Aterial puncture, 
withdrawl of blood 
for diagnosis 
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For example, CPT 36556 describes a non- tunneled 
central venous catheter age 5 years or older. CPT 
36558 describes a  tunneled  central venous catheter 
age 5 years or older. While the CPT number and 
description are very similar, they have different 
reimbursement and documentation requirements.  

5.4.2     Arterial Line 

 Another common  ICU    procedure   is arterial line. 
This is described as percutaneous arterial cathe-
terization or cannulation for sampling, monitor-
ing, or transfusion. The  CPT   code is 36620. If a 
cutdown is performed to get arterial access, then 
use CPT 36625.  

5.4.3     US and Fluoroscopic Guidance 

 US and fl uoroscopic  guidance   use separate codes 
for reimbursement. They are described as add-on 
codes and can only be used with another associ-
ated CPT code. In the  case   of ultrasound, there 

needs to be an associated CVL or arterial line 
code. In the case of fl uoroscopy, it must be used 
with a CVL code. As mentioned above, the use 
of fl uoroscopy must be within the PA or NPs 
scope of practice and state law. Use CPT 77001 
for fl uoroscopic guidance for central venous 
access device. Use CPT 76937 for ultrasound 
guided vascular guidance. Note this code has a 
very specifi c description: 

 “Ultrasound guidance for vascular access 
requiring ultrasound evaluation of potential 
access sites, documentation of selected vessel 
patency, concurrent real-time ultrasound visual-
ization of vascular needle entry, with permanent 
recording and reporting.” 

 This has generally been interpreted to 
include not only mention of the ultrasound in 
the procedure report but retention of  an   image. 
The image should have patient identifi cation 
but can be either maintained electronically or in 
paper form (Fig.  5.1 ).

5.5          Airway Procedures   

 Airway procedures done by PAs and  NPs   com-
monly include emergency endotracheal intuba-
tion. Emergency cricothyroidotomy and 
emergency tracheotomy, while less common, are 
included in airway procedures. In addition, PAs 
may assist with percutaneous tracheotomies per-
forming either the bronchoscopy portion (cov-
ered elsewhere) or the tracheotomy portion. 
Finally, a number of PAs and NPs perform either 
diagnostic or therapeutic bronchoscopy. 

 In terms of coding, CPT code 31500 is used for 
emergency intubation. Emergency cricothyroidot-
omy uses CPT 31605 (listed as tracheotomy, emer-
gency procedure, cricothyroid membrane). 
Emergency tracheostomy uses CPT 31603 (trache-
ostomy emergency procedure, transtracheal). For 
planned procedures, CPT 31600 is used. For 
planned tracheostomy on patients under age 2, use 
CPT 31601. Finally, for tracheostomy changes prior 
to fi stula formation, CPT code 31502 is used. 

 Bronchoscopy in the  ICU   can be  either   thera-
peutic to remove mucus plugs for example or 
diagnostic with bronchial lavage. In the case of 

   Table 5.2     Central venous access   description and CPT 
codes   

 Non-tunneled central venous catheter under 
5 years of age 

 36555 

 Non-tunneled central venous catheter 5 
years of age or older 

 36556 

 Tunneled central venous catheter under 5 
years of age 

 36557 

 Tunneled central venous catheter 5 years of 
age or older 

 36558 

 PICC without port or pump under 5 years of 
age 

 36568 

 PICC without port or pump 5 years of age 
or older 

 36569 

 Repair of central venous catheter without 
port or pump 

 36575 

 Replacement, complete, non-tunneled 
catheter without port or pump through same 
venous access 

 36580 

 Replacement, complete, PICC without port 
or pump, through same venous access 

 36584 

 Removal tunneled central venous catheter 
without port or pump 

 36589 

 Removal tunneled central venous catheter 
with port or pump 

 36590 
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therapeutic bronchoscopy, use CPT 31622. In the 
case of  bronchoscopy   with lavage, use CPT 31624.  

5.6      Chest Procedures   

 Chest procedures include  both  open chest tube 
thoracostomy as wells as thoracentesis and per-
cutaneous placement of pleural drainage systems. 
This CPT range underwent major revision in 
2013 and is a source of confusion. In 2013 recog-
nizing that open chest tube thoracostomy was 
being incorrectly billed since both tube thoracos-
tomy and percutaneous pleural drains were billed 
as a type of thoracentesis. In addition, Medicare 
bundled imaging guidance into the thoracentesis, 
and pleural drain codes recognizing the majority 
were being done with ultrasound. 

 Tube thoracostomy is reserved for open pro-
cedures which involve cutdown, blunt, or sharp 
dissection into the pleural space. The correct 
CPT code is 32551. Thoracentesis involves two 
separate codes. CPT 32554 is for thoracentesis 
needle or catheter aspiration of the pleural space 

without imaging guidance. CPT 32555 is for tho-
racentesis with imaging guidance. Similarly for 
percutaneous placement of pleural drains, there 
are two codes. CPT 32556 is for percutaneous 
placement of pleural drain. CPT 32557 is for per-
cutaneous placement without imaging guidance. 
For  bilateral   procedures, please see the section on 
modifi er codes.  

5.7      Abdominal Procedures   

  Abdominal procedures   include diagnostic or 
therapeutic procedures such as paracentesis or 
peritoneal lavage as well as enteral procedures 
such as percutaneous endoscopic gastrostomy 
(PEG) and post-pyloric NG placement. 
Diagnostic procedures underwent revision in 
2012. Prior to this, the US code was entered sep-
arately from the paracentesis. Currently, there 
are two different codes depending on whether 
US is used. CPT 49082 covers abdominal para-
centesis without imaging guidance. CPT 49083 
is used with imaging guidance. These codes 

  Fig. 5.1    Example of US image of  CVL   with wire shown       
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cover both diagnostic and therapeutic paracente-
sis. Providers should note that the CPT 49083 
requires the  provider to perform the imaging. 
Paracentesis that is marked by another service 
such as radiology uses CPT 49082. Peritoneal 
lavage uses CPT 49084. This included imaging 
guidance when performed (imaging is not 
required for the code). 

 Enteral access codes are another area of con-
fusion. While critical care codes cover the use of 
nasogastric tube placement, if the tube is placed 
post-pyloric, then it is reimbursable. CPT 43761 
covers repositioning of gastric feeding tube, 
through the duodenum for enteric nutrition. For 
placement of a PEG, the CPT is 43246 which 
includes upper endoscopy. If two providers per-
form the PEG placement, i.e., the endoscopy and 
percutaneous entry, then  each   bills code 43246 
with a 62 modifi er. Each provider must submit a 
separate procedure report.  

5.8      Cardiovascular Procedures   

  Cardiovascular procedures   commonly done in the 
 ICU include   extracorporeal membrane oxygen-
ation (ECMO), vascular assist device manage-
ment, as well as Swan- Ganz   catheter placement. 
In 2015 ECMO codes were revamped. Codes 
36822, 36960 and 33961 were deleted. In their 
place a set of 25 codes covering management, 
insertion, repositioning and decannulation were 
included in the CPT manual. For the purposes of 
this section only percutaneous ECMO is covered, 
for open or sternotomy cannulations see the CPT 
manual. ECMO initiation and management is 
divided by veno-venous (VV) and veno-arterial 
(VA). For VV initiation use CPT 33946 and 33947 
for VA initiation. For management CPT 33948 
(VV) and 33949 (VA) can be reported once per 
day. For initial cannulation CPT 33951 is reported 
for birth to 5 years and CPT 33952 for age 6 or 
older. Repositioning cannulas uses CPT 33957 for 
birth to 5 years and CPT 33958 for age 6 or older. 
Finally, decannulation uses CPT 33965 for birth to 
5 years and CPT 33966 for age 6 or older. ECMO 
billing continues to evolve and providers should 

work closely with coding specialists. Critical care 
time unrelated to the ECMO management can be 
billed if it exceeds 30 minutes. 

 Vascular assist devices are usually inserted in the 
OR or cath lab and as such is outside the purview of 
this chapter. However, removal of these devices fre-
quently occurs in the ICU. CPT code 33992 covers 
removal of a percutaneous ventricular assist device 
at a separate time from insertion. If this procedure is 
done using imaging guidance, then CPT code 
33993 is used.

   While Swan-Ganz  catheters   are used in a vari-
ety of setting, they are probably most commonly 
encountered in the cardiac and cardiovascular 
ICUs. Most Swan-Ganz catheters are placed 
through a vascular introducer. There is some con-
troversy on billing for this, but the general con-
sensus is that if the introducer is placed at the 
time of the Swan-Ganz,  then   it is part of the pro-
cedure. The CPT code for Swan-Ganz catheter is 
93503 (insertion and placement of fl ow directed 
catheter) (Fig.  5.2 ).  

5.9      Neurological Procedures   

 The neurological  ICU   is a  relative   newcomer to 
the ICU environment. However, PAs and NPs 
are well represented in this setting. Procedures 
vary depending on the institution and neurosur-
gical coverage, but can include lumbar puncture, 
lumbar drain placement, and placement of intra-
cranial pressure (ICP) monitor such as an 
EVD. Lumbar punctures can include either ther-
apeutic or diagnostic lumbar punctures. If the 
lumbar puncture is done for diagnostic purposes, 
CPT code 62270 is used. If the lumbar puncture 
is done for therapeutic purposes using either a 
needle or catheter, then CPT code 62272 is used. 
For a lumbar drain, the same CPT code 62272 is 
used as for a therapeutic lumbar puncture. 

 ICP monitoring can be done in the OR or the 
ICU. If a handheld device such as a twist drill is 
used, CPT code 91107 is used. If a powered 
device such as a power burr is used, then CPT 
code 61210 (burr holes for implanting ventricular 
catheter) is used.  
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5.10     Incision and Drainage 

 Depending on the  ICU   type,  incision   and drain-
age is another common ICU procedure. There are 
a number of codes to use depending on the type 
of wound and procedures done. 

 Abscesses are divided into two types, simple 
and complex. A simple abscess uses CPT code 
10060 and is a simple incision that drains on its 
own. A complex abscess requires a drain or pack-
ing and uses CPT code 10061. 

 Hematomas, seromas, or fl uid collections 
rarely require action; however, if it is necessary 
to drain them, then CPT code 10140 is used. 

  Complex   wounds which require drainage and 
excision of tissue with packing or drain place-
ment use CPT code 10180.  

5.11      Procedural Sedation   

 Conscious  sedation   is a common occurrence in 
the ICU. However, it is governed not only by 
state law, but by hospital bylaws. PAs and NPs 
doing conscious sedation in the ICU should 
have a fi rm understanding of the local legislative 
environment before performing conscious seda-
tion. PAs and NPs should also ensure they fol-
low institutional requirements for conscious 
sedation. 

 In 2006 Medicare renamed conscious seda-
tion to conscious (moderate) sedation to clearly 
delineate conscious sedation from minimal (anx-
iolysis) sedation or deep sedation. In this spec-
trum, it adds clarity to use moderate sedation. 
When providing moderate sedation, a number of 

  Fig. 5.2    Chest X-ray after Swan-Ganz  placement         
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services are included and may not be reported 
separately:

•    Assessment of the patient  
•   Establishment of IV access  
•   Administration of sedation  
•   Maintenance of sedation  
•   Monitoring  
•   Recovery    

 Moderate sedation also includes the concept 
of intraservice time. This starts with the adminis-
tration of the sedating agent and ends with the 
conclusion of personal contact of the provider. 
This time requires continuous face-to-face con-
tact with the patient for the entirety of the time. 
Note this time begins with the sedation so the 
assessment of the patient, although bundled into 
the CPT is not included in the time. 

 The codes depend on  whether   the provider 
giving sedation is also performing the procedure 
or is independently providing the sedation for the 
provider performing the procedure. There are 
also different codes depending on the age of the 
patient. Finally, this is  a   time-based code requir-
ing a minimum time to report the code. 

 CPT code 99143 governs moderate sedation 
provided by the same provider who performs 
the service on a patient under the age of 5 for 
the first 30 min. This requires the presence of 
an independent trained observer to assist in 
monitoring the patient’s level of consciousness 
and vital signs. This provider should have no 
other duties outside of monitoring the patient. 
CPT code 99144 is used for the same patient 
age 5 years or older. For each additional 15 min 
of moderate sedation, CPT code 99145 is used. 
Time is handled under CPT rules where the 
time is not obtained until the midpoint had 
been passed. For CPT code 99144, this would 
be 16 min, and for CPT code 99145, it would 
be 8 min. For example, 35 min of moderate 
sedation would generate a CPT code 99144 
but not a 99145. 

 For moderate sedation done by a  separate   pro-
vider than the one performing the procedure, 
CPT code 99148, for the fi rst 30 min, is used for 
patients under the age of 5. For patient 5 years or 

older, CPT code 99419 is used. For each addi-
tional 15 min, CPT code 99150 is used.  

5.12     Surgical First Assist 
and Wound Care 

 While relatively rare, surgery is  occasionally   per-
formed in the ICU. First assist in surgery is reim-
bursable for PAs and NPs under a number of 
conditions. Generally, Medicare reimburses 85 % 
of the fi rst assist fee paid to surgeons (16 %) or 
13.6 %. The fi rst assist is billed under the PA or NPs 
NPI number with an AS modifi er to indicate fi rst 
assist. Medicare will then apply the appropriate dis-
count. Other providers may or may not reimburse 
for fi rst assist by PAs or NPs depending on their 
policies. In addition, Medicare has determined that 
approximately 5 % of surgeries require a fi rst assis-
tant. Medicare maintains a list of approximately 
1900 surgical procedures for which it permits fi rst 
assist. All others are excluded. Whether a particular 
procedure allows a fi rst assist can be found in the 
Medicare Physician Fee Schedule Database. 

 For PAs and NPs working in an academic cen-
ter, there are further rules. Medicare requires a 
fi rst assist be performed by an appropriate resi-
dent unless the following conditions are met:

•    No qualifi ed resident available.  
•   The primary surgeon has an across-the-board 

policy of never utilizing residents in the care 
of his or her patients.  

•   Trauma.  
•   The surgeon believes that the resident is not 

the best individual to perform the service.    

 The supervising surgeon must carefully docu-
ment the reason that the PA or NP was used as a 
fi rst assist to avoid audits. Finally, the PA or NP 
must have an appropriate supervisory or collab-
orative agreement with the surgeon. 

 While wound care in the  ICU   is generally cov-
ered under either critical care or E/M, wound 
vacs are a special case. For wound vac, use CPT 
97605  for   wounds under or equal to 50 cm 2  and 
97606 for wound greater than 50 cm 2 . This charge 
can be applied for each application.  
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5.13      Coding Modifi ers   

 As noted in the  previous   sections, various proce-
dures require coding modifi ers. These are two 
digit modifi ers that are appended to the CPT code 
to describe specifi c actions. For example, bilat-
eral chest tube placement would use CPT code 
32551 with a modifi er of 50 for bilateral proce-
dures. This would be written as 32551–50. This 
submission would allow the provider to be reim-
bursed for both procedures, while submission of 
two 32551’s would result in denial due to dupli-
cate procedures. Common coding modifi ers are:

•    −25 signifi cant, separately identifi able E/M 
service on the same day as a separate proce-
dure done by the same provider  

•   −50 bilateral procedures  
•   −62 two providers    

 The −25 modifi er is the most confusing. It is 
generally used when evaluation and management 
is done on the same day as a procedure. Generally, 
Medicare considers evaluation and management 
to be included in some procedures but allows oth-
ers to be billed separately. Close coordination 
with the billing department on the use of this 
code will  help    avoid   claims rejections.  

5.14     Documentation 
of Procedures 

 Much like patient  care   documentation, procedural 
documentation helps protect the provider from risk 
but also communicate the course of care for the 
patient. Designing a documentation template helps 
ensure that this information is included. With the 
advent of electronic medical records, it is relatively 
easy to ensure that the documentation is complete. 

 At the minimum, documentation should 
include:

•    Date and time of the procedure  
•   Procedure being done  
•   Indications for the procedure  
•   Sedation used  
•   Description of the procedure  
•   Any complications of the procedure    

 In addition for critical care patients (CPT 
99291), the record should refl ect that the time 
spent on the procedure was not included in criti-
cal care billing. For the medical record, consent 
should also be documented. Finally, given the 
penalties surrounding central line infections, 
consideration should be given to documenting 
time-out, hand washing, and  sterile   procedures in 
the procedure note. 

 Finally, programs should have a robust quality 
assurance to help identify billing problems. 
Routing audits should be performed of proce-
dural documentation to ensure necessary ele-
ments are met. In addition, CPT codes should be 
routinely screened to ensure that the correct CPT 
code is used.  

5.15     Conclusion 

 Coding and billing for procedures is a complex 
task. PAs and NPs generally get very little coding 
and billing training, and institutions used to billing 
for physicians may not understand the nuances of 
PA and NP billing or may put up obstructions when 
they attempt to bill. For PAs and NPs, proper CPT 
selection for their procedures and clear documenta-
tion is the key to reimbursement. Education for 
billers and coders on PA and NP capabilities will 
help eliminate misunderstandings. Finally, educa-
tion of administration and physicians of PA and NP 
skills will ensure that PAs and NPs are used 
maximally.     

  Disclaimer   This chapter was current as of the time it was 
written. It does not represent legal advice 

 Although reasonable effort has been made to ensure 
the accuracy of this chapter, the responsibility of claims 
submission lies with the provider. 

 CPT© is copyright of the American Medical 
Association.  
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6.1           Assessment of the  Airway   

 Assessment of respiratory distress and subse-
quent need to control the airway in the ICU 
setting is a very common occurrence. The dis-
tinction between ventilation and oxygenation 
must be assessed and are both managed differ-
ently. The focus of this chapter will be on the 
assessment and management of the airway. 

 The failure to identify and recognize a  diffi cult 
airway   is the single most common cause of a 
failed airway. A  failed airway   may be defi ned as:

•    Failure to maintain saturations (>90 % SpO2).  
•   Three failed intubation attempts.    

 There are four dimensions of predicting diffi -
cult airway management [ 1 ]—they include:

•    Predicting diffi cult BVM  ventilation   ( MOANS ).
 –     M  = Mask seal (any diffi culty with obtain-

ing a mask seal).  
 –    O  = Obesity (redundant posterior pharyn-

geal tissue).  

 –    A  = Age > 55 (loss of muscular tone).  
 –    N  = No teeth.  
 –    S  = Snores/stiff lungs (COPD, pneumotho-

rax, etc.).     
•   Predicting  diffi cult   intubation ( LEMONS ).

 –     L  = Look externally (evaluate for trauma, 
landmarks).  

 –    E  = Evaluate 3–3–2.
•    Three of patients’ fi ngers between inci-

sors (access).  
•   Three fi ngers between tip of chin and 

chin–neck junction ( compression   space 
for tongue).  

•   Two fi ngers between chin–neck junc-
tion and top of laryngeal cartilage (loca-
tion of airway).     

 –    M  = Mallampati score (1–4) (see Fig.  6.1 ).  
 –    O  = Obstruction  
 –    N  = Neck mobility (limited—i.e., C-collar 

in place).  
 –    S  = Saturations (keep above 90 %).   

•      Predicting diffi cult  extraglottic   devices ( RODS ).
 –     R  =  Restricted   mouth opening (<3 cm).  
 –    O  = Obstruction at larynx.  
 –    D  = Disrupted/distorted anatomy.  
 –    S  = Snores/stiff lungs.     

•   Predicting diffi cult surgical airway ( SMART ).
 –     S  = Surgeries (previous).  
 –    M  = Mass.  
 –    A  = Access  diffi culties   (obesity).  
 –    R  = Radiation (previous or current).  
 –    T  = Tumor.       
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 Since 1956, clinicians have  been   searching for 
the perfect way to predict airway management 
diffi culty. Studies have looked at various airway 
geometry indicators, anatomical predictors, and 
imaging studies. There is no one “fool proof” 
method.  

6.2     Pharmacology Decision 
Points 

 There are multiple  pharmacologic decision points 
  when the decision has been made to perform 
endotracheal intubation. These include pretreat-
ment medications, sedation medications, para-
lytic agents, and fi nally longer-acting sedatives 
and possible longer-acting paralytic agents.  

6.3     Pretreatment Medications 

 The decision to use  these   medications is gener-
ally made by the person directing the intubation 
process. If being supervised for this procedure, 
check with the clinician responsible for the pro-
cedure and verify if they choose to use one of 
these medications. 

 The mnemonic  LOAD  may be used when con-
sidering pretreatment medications:

   Lidocaine is often used when brain injury is a 
possibility. Dose, 1.5 mg/kg IVP (at least 
3 min before the intubation procedure).  

  Opioid may be considered if time permits. 
Morphine, 5–10 mg IVP on an adult-sized 
patient, or fentanyl, 0.5–1 mcg/kg IV (given 
slowly over 1–2 min), may be omitted if 
patient is hypotensive (SBP < 90) or dependent 
upon sympathetic drive for hemodynamics.  

  Atropine may be needed if the patient develops 
non-hypoxemic bradycardia; dose, 0.5–
1.0 mg IV; may be repeated if needed.  

  Defasciculating dose of  a   noncompeting neuro-
muscular paralytic.     

6.4     Sedation/Induction 
Medications 

 Common induction  medications   used for  rapid 
sequence intubation (RSI)   include:

   Etomidate—0.3 mg/kg IV, best hemodynamic 
profi le, short acting.  

  Versed—0.1 mg/kg IV.  
  Ativan—5–10 mg IV on an adult-sized patient, 

longer acting.  
  Ketamine—1.5 mg/kg IV, used in patients with 

asthma.  
  Propofol—1.5 mg/kg IV, monitor  for   hypotension.     

6.5      Paralytics   

 Paralytics come in two varieties:
   Depolarizing (succinylcholine).  
  Non-depolarizing (rocuronium and vecuronium 

are examples).     

  Fig. 6.1    Mallampati  score  . North Seattle University 
[Internet]. Seattle. Cited April 24, 2015. Retrieved from 
public domain images at: http://facweb.northseattle.edu/
cduren/North%20Seattle%20AT%20Program%202011- 
2012%20CJ%20Duren-Instructor/ATEC%20002%20
Anesthesia%20Related%20Anatomy%20and%20
Physiology/Week%203/Additional%20Week%203%20
L e s s o n % 2 0 R e s o u r c e s / M a l l a m p a t i % 2 0 S c o r e - 
Mallampati%20Classifi cation%20Picture.png       
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6.6      Depolarizing Muscle 
Paralytics      

 Succinylcholine is actually two-acetylcholine 
molecules linked together. It has a rapid onset 
(30–60 s) and relatively short half-life (3–5 min). 
It is metabolized by the enzyme acetylcholines-
terase. There are some populations that have an 
acetylcholinesterase defi ciency. In those cases, 
the effects of succinylcholine may last longer. 
The primary advantage of using succinylcholine 
is that if you are unable to get the patient intu-
bated, with its short half-life, the medication will 
be metabolized, and the patient should resume 
spontaneous respirations within 3–5 min. 

 The dose of succinylcholine is 1.5 mg/kg. The 
dose is never reduced. It has no effect on 
hemodynamics. 

 There are some  contraindications   to using 
succinylcholine. They include:

•    History of malignant hyperthermia.  
•   Burns >5 days—until healed.  
•   Crush injury to large muscle mass >5 days.  
•   Spinal cord injury/stroke with hemi- or para-

plegia >5 days to 6 months.  
•   Neuromuscular disease.  
•   History of hyperkalemia/dialysis patients.     

6.7     Non- Depolarizing   Paralytics 

 There are many choices. Two will  be   covered 
here. Rocuronium is the paralytic of choice when 
succinylcholine is contraindicated. It has an onset 
of 60 s and a half-life of 30–45 min. It is given at 
a dose of 1.0 mg/kg IV push after the administra-
tion of an appropriate induction agent has been 
administered. 

 The second non-depolarizing agent that may 
be given is vecuronium. It has an onset of 3 min 
and a half-life of 60–75 min. The intubation dose 
of vecuronium is 0.15 mg/kg IV push after the 
administration of an appropriate induction agent 
has been administered.  

6.8     The RSI  Procedure   

 The  RSI procedure has been   described as the 
seven “Ps” [ 2 ]. They are:

•     P reparation.
 –    Monitors (ECG, SpO2, EtCO2, BP),    IV 

access, equipment, suction.     
•    P reoxygenation.

 –    3 min of 100 % FiO2 (or 8 vital capacity 
breaths).     

•    P retreatment.
 –    Lidocaine (if suspected head injury or 

asthma)—3 min before intubation to be 
effective.  

 –    Opioid   (fentanyl for CV disease or head 
injury).  

 –   Atropine (ready for non-hypoxemic 
bradycardia).  

 –   Defasciculating dose of paralytic.     
•    P aralysis—induction agent and muscular par-

alytic given rapid IV push.
 –    Remember—if no opioid was given, the 

induction agent and muscular paralytic 
have no effect on pain sensation.        

•     P rotection   and positioning.
 –    Sniffi ng position and cricoid pressure.     

•    P lacement of airway.
 –    Confi rm endotracheal tube placement with 

EtCO2, SpO2, breath sounds bilaterally, no 
sounds over epigastrium; secure the endo-
tracheal tube.     

•    P ost-intubation management.
 –    Additional longer-acting sedation and 

muscular paralysis if needed; consider pain 
medication,  hemodynamic   and oxygen-
ation monitoring, and appropriate ventila-
tor settings.        

6.9      Indications   for Intubation 

    Poor anticipated clinical course.  
  Glasgow Coma Scale of 8 or less.  
  Failure to maintain adequate oxygenation and/or 

ventilation.     
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6.10      Contraindications 
for   Intubation 

    Patient able to  maintain   airway patency, ventila-
tion, and oxygenation.     

6.11      Complications   

    Hypotension.  
  Failed recognition of an esophageal intubation.  
  Damage to airway structures during attempt.  
  Damage to teeth.     

6.12     Intubation  Equipment   

    Oxygen, suction, oropharyngeal or nasopharyn-
geal airways (Figs.  6.2  and  6.3 ).

      Monitoring equipment (ECG, SpO2, B/P, respi-
ratory rate, ETCO2).  

  Bag valve mask and/or non-rebreather oxygen 
mask.  

  Endotracheal tubes.
   For most adult patients, consider sizes 7.0, 

7.5, and 8.0.     
  Endotracheal tube stylet.  
  Laryngoscope handle (contact versus fi ber optic) 

Fig.  6.4 .
     Laryngoscope blade.

   Macintosh (curved) sized 0–4 (adults usually 
3 or 4) Fig.  6.5 .  

  Miller (straight) sized 0–4 (adults usually 3 or 
4) Fig.  6.6 .   

      10  ml   syringe (for ET tube cuff).  
  Commercial ET tube holder or ET tape.  
  Color metric capnometer or qualitative end-tidal 

CO2 monitor.  
  Gum elastic bougie.     

  Fig. 6.2     Oropharyngeal   airway       

  Fig. 6.3     Nasopharyngeal   airway       

  Fig. 6.4    Fiber optic on the   left    and contact on the  right  
(note green band) (no green band)       

  Fig. 6.5     Macintosh   blade       
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6.13      Procedure   

     1.    Assure patient is connected to appropriate 
monitors and adequate IV access is achieved. 
Assemble equipment and suction.   

   2.    If the patient is breathing at an adequate rate 
and volume, assure appropriate preoxygen-
ation by utilizing a non-rebreather mask for at 
least 3 min (Fig.  6.7 ). If the patient is not 
breathing at an adequate rate or volume (min-
ute ventilation), assist ventilations with a 
BVM device after placing an oropharyngeal 
or nasopharyngeal airway and applying cricoid 
pressure to reduce the incidence of gastric 
insuffl ation (Fig.  6.8 ). Preoxygenate with 
100 % oxygen for a minimum of 3 min or 8 
vital capacity breaths (Figs.  6.9  and  6.10 ).

          3.    If the intubator chooses to use a pre-intubation 
medication such as lidocaine, opioid, atropine, 
or a defasciculating dose of a neuromuscular 
blocker, now is the time to administer these 
medications.   

   4.    The selection and dosage of the sedative and 
neuromuscular blocker should be made at this 
point. Remember, for hemodynamic instabil-
ity (SBP < 90 mmHg), the sedative should be 
half-dosed. The neuromuscular blocker is 
never given at a reduced dose. Rapid sequence 
induction or intubation is given  its   name 
because the sedative is given rapid IV push 
followed immediately by the neuromuscular 
blocker IV push. Check for muscle fl accidity.   

   5.    Insert the blade of choice and sweep the 
tongue from right to left.

    (a)    If the Macintosh (curved) blade is used, 
the tip of the blade is placed at the base of 
the tongue (Fig.  6.11 ), and the mandible is 
displaced anteriorly until the epiglottis is 
raised to easily visualize the vocal cords.   

   b.    If the Miller (straight) blade is used, the 
tip of the blade is placed under the epi-
glottis (Fig.  6.12 ) and is used to elevate 
the epiglottis to visualize the cords.    

        6.    The endotracheal tube, with stylet in place and 
not extending beyond the tip of the ETT, is 
placed in the trachea under direct visualiza-
tion. The ETT is placed at a depth of approxi-
mately three times the size of the ETT. For 
example, if placing an 8.0 ETT, it should be 
inserted to a depth of 24 cm at the teeth or lips. 
The  stylet   is removed, the cuff infl ated, and 
confi rmation assured by one of the following 
methods: ETCO2 capnography, colorimetric 
capnography, auscultation of bilateral breath 
sounds and no sounds over the epigastrium 
with bag-assisted ventilations, or condensa-
tion in the ETT. Wave form qualitative cap-
nography is considered the “gold standard” 
for proof of correct placement.   

  Fig. 6.6     Miller   blade       

  Fig. 6.7    Assure good mask seal       
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  Fig. 6.8    Thumb and Index fi nger form the letter C; other 
three fi ngers form the letter E       

  Fig. 6.9    Assure good seal - two hand technique       

  Fig. 6.10    Jaw-thrust and mask seal       

  Fig. 6.11    Macintosh  blade   at base of tongue       

  Fig. 6.12    Miller  blade   lifting the epiglottis       

   7.    Once correct placement is confi rmed, the ETT 
should be secured with a commercial ETT 
tube holder or ETT tape. A post-intubation 
chest X-ray should be ordered to confi rm cor-
rect depth of the ETT.      
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6.14     Summary 

 Only after a comprehensive airway assessment 
has been completed and the provider has deter-
mined the  risks and benefi ts   of RSI should the 
procedure be performed. It is just as important to 
recognize which patient to proceed with the RSI 
procedure as to whom not to. Airway manage-
ment is very similar to the game of Chess—the 
provider must be thinking three and four steps 
ahead. If this fails, what is plan B and plan C? In 
many cases, it is wise for the provider to already 
have prepared the equipment that will be needed 
in the event of failing to secure the airway for 
those patients that have been deemed diffi cult. 
This is often referred to as a “double setup.” 

 Failure to recognize an esophageal intubation 
in a timely fashion can be fatal. When in doubt 
regarding airway placement, nothing beats direct 
 laryngoscopy   to assure correct tube placement. In 
the following chapter, we will discuss rescue air-
way devices and their use.     
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7.1           Introduction 

 First-time intubation success rates in the hospital 
setting average 80 % [ 1 ]. There may be many 
causes for the  failed airway  . Some of these 
include poor body habitus, restricted mouth 
opening, anteriorly located airway anatomic 
structures, obesity, pregnancy, and genetic ana-
tomic anomalies. Other causes may be failure to 
predict a diffi cult airway and/or failure to plan 
and have setup for a fi rst-attempt failure.  

7.2      Indications   

 Failure to secure an endotracheal tube in the tra-
chea on the third attempt or failure to maintain 
oxygen saturations above 90 % constitutes a 
failed airway and may necessitate the utilization 
of a rescue airway device.  

7.3      Contraindications   

 There are no contraindications to utilizing any of 
the rescue airway devices with the exception of the 
emergent cricothyrotomy. A cricothyrotomy should 
only be used in can’t ventilate, can’t oxygenate 
situations where a rescue device has also failed.  

7.4      Equipment   

     1.    Endotracheal tube  introducer   a.k.a.  gum elas-
tic bougie   

 The ETI is a long (60 cm) narrow (5 mm) 
device with a fi xed 40° bend at the distal end 
(coude tip) Figs.  7.1  and  7.2 . The ETI is held 
with the tip pointed upward—upon visual-
ization of the epiglottis, the tip is directed 
under the epiglottis and advanced. As the 
ETI is advanced, it will enter the trachea, 
and the coude tip will rub against the ante-
rior portion of  the   trachea. This will produce 
a vibration as the tip rubs against the ante-
rior tracheal rings. Tracheal placement can 
also be confi rmed by a hard stop at approxi-
mately 40 cm of insertion. Placement in the 
esophagus will not result in a hard stop. The 
endotracheal tube is then placed over the 
ETI while the intubator keeps the laryngo-
scope in place.
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            2.    Extraglottic devices ( EGDs  )      
    a.     Laryngeal mask airway (LMA)   Figs.  7.3 ,  7.4  

 LMAs come in a variety of Fig.  7.19  sizes 
that typically depend upon the patient’s 
weight. For adults, the typical scale is a size 
3 for 30–50 kg, size 4 for 50–70 kg, and size 
5 for > 70 kg. The LMA is inserted as 
follows:

    1.    Completely defl ate the cuff. Lubricate the 
cuff with a water-soluble lubricant.   

   2.    Open the airway by using the head-tilt 
maneuver. A jaw-lift maneuver is often 
used and is benefi cial.   

   3.    Insert the LMA into the mouth with the 
laryngeal surface directed caudally and 
the tip of your index finger resting 
against  the   cuff-tube junction. Press the 
device onto the hard palate, and advance 

it over the back of the tongue as far as the 
length of index finger will allow 
(Fig.  7.5 ). Then use your other hand to 
push the device into its final seated posi-
tion, allowing the natural curve of the 
device to follow the natural curve of the 
oropharynx (Fig.  7.6 ).   

   4.    Infl ate the collar with air (20–40 ml 
depending upon the size of the LMA or 
until there is no leak with bag ventilation).       

   b.     King LT (laryngotracheal) airway   
 The King LT airway is a latex-free single-
lumen silicone laryngeal tube with oropharyn-
geal and esophageal low-pressure cuffs, with a 
 ventilation   port located between the two cuffs. 
The King LT is sized by height (see package 
for guidance) (Figs.  7.7  and  7.8 ). They come in 
two varieties, blind distal tip (King LT, LT-D) 

  Fig. 7.1    Gum elastic bougie. Coude tip in the insert 
picture       

  Fig. 7.2    Example of coude tip. [ 2 ]       

  Fig. 7.3    LMA bottom view       

  Fig. 7.4    LMA top view       
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  Fig. 7.5    LMA seal over 
epiglottis       

  Fig. 7.6    LMA seated in 
place with cuff infl ated       

  Fig. 7.7    King LT in different height based sizes         Fig. 7.8    King LT #5 - one port fi lls both balloons       
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and open distal tip (King LTS, LTS-D), to per-
mit gastric decompression (Figs.  7.10 ,  7.11 , 
and  7.12 ). A single pilot balloon port is used to 
infl ate both cuffs simultaneously (Fig.  7.9 ). 
The King LT is inserted as follows:
   1.    The King LT is designed to go only into the 

esophagus. The airway is opened with a 
head- tilt maneuver (Fig.  7.13 ).   

  2.    It is advanced until defi nitive resistance is felt 
or the colored fl ange touches the incisors.   

  3.    The cuffs are infl ated simultaneously  with   a 
single pilot bulb. The amount of air is depen-
dent upon the size of  the   King LT airway (see 
device for exact amount) (Fig.  7.14  and  7.15 ).   

  4.    Use a bag device to ventilate the patient. If 
an air leak is encountered, reassess the 
amount of air in the cuffs.    

          3.     Video laryngoscopy     
    a.    GlideScope video laryngoscope (Fig.  7.16 )   
   b.    GlideScope cobalt/cobalt AVL   
   c.    GlideScope ranger   
   d.    Storz C-MAC (Fig.  7.17 ) 

 Procedure:    
    1.    Prepare the equipment. 

•     Plug  into   power source.  
•   Use handle/blade cover as needed.  
•   Use specifi c  stylette   for equipment.  
•   Load stylette into endotracheal tube 

(Fig.  7.18 ).  
•   Test ETT cuff.  
•   Have suction available.  
•   Appropriately preoxygenate and 

premedicate.   
       2.    Look into the mouth.   
   3.    Place the blade in the midline of the tongue 

(do not sweep the  tongue   as you would in 
the traditional intubation process).   

   4.    Watch the video screen and visualize ana-
tomic landmarks.   

   5.    Place the ETT tube through the cords.   
   6.    Confi rm placement and secure the ETT.    
      4.     Surgical airway options   

     Open   cricothyrotomy  
   Needle   cricothyrotomy       

  Fig. 7.10    NG tube through distal port       

  Fig. 7.9    King LT - top, defl ated; bottom, infl ated       
  Fig. 7.11    NG tube entry port       

  Fig. 7.12    NG tube exits distal tip of King LT       
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  Fig. 7.13    Blind 
insertion of King LT       

  Fig. 7.14    King LT cuffs 
infl ated       

  Fig. 7.15    King LT with 
NG tube in place       
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  Fig. 7.16    Glidescope 
video laryngoscope       

  Fig. 7.17    Storz C-MAC 
video laryngoscope       

  Fig. 7.18    Stylette for 
Glidescope       
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7.5                       Summary 

 It has been said that the diffi cult airway is 
something you predict and the  failed airway   

is something you experience. There are many 
new devices being introduced annually that 
may be used to secure the failed airway. 
Remember, if you are able to ventilate and 
oxygenate, you have time to consider your res-
cue airway options. In the unfortunate event of 
the failure to oxygenate and ventilate, a quick 
decision to perform a surgical airway may be a 
lifesaving decision for the patient.     
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8.1           Introduction 

 The primary purpose of a cricothyroidotomy is to 
establish an emergent rescue airway when stan-
dard and traditional techniques have failed. 
Traditional techniques include bag valve mask 
(BVM), laryngeal mask airway (LMA), laryngo-
scope, and video assist device. The inability to 
oxygenate, ventilate, and intubate the patient uti-
lizing standard equipment and techniques is the 
indication to perform the next step, which is cri-
cothyroidotomy. The ability to perform the pro-
cedure is a lifesaving intervention. The procedure 
is preferred over emergent tracheostomy due to 
the speed of which it can be performed, ease of 
landmark identifi cation, and superfi cial and avas-
cular nature of the cricothyroid membrane [ 1 – 3 ]. 
The specifi c technique used will vary depending 
on the provider comfort level, experience level, 

and equipment available. It most commonly per-
formed in the intensive care unit, emergency 
department, trauma bay, operating room, and the 
prehospital setting. All providers who are respon-
sible for managing an airway should be familiar 
with these techniques. Failure to perform this 
lifesaving intervention will likely lead to severe 
hypoxemia, respiratory arrest, cardiac arrest, 
severe anoxic brain injury, and death. 

 Cricothyroidotomy should not be confused 
with tracheostomy as they are two different pro-
cedures and have different indications. There are 
non-emergent indications for cricothyroidotomy, 
but this chapter will focus on the emergent indi-
cations for lifesaving airway establishment. 
Tracheostomy has also been described for emer-
gent airway establishment, but is reserved for 
severe laryngeal fracture [ 1 ,  4 ].  

8.2     Background/History 

 Cricothyrotomy was described in the medical 
l iterature in the mid-1800s. In the early 1900s, 
Dr. Jackson popularized the technique he referred 
to as “high tracheostomy”; however, this was 
thought to contribute to long-term complications 
such as subglottic stenosis [ 3 ]. In the 1970s, 
Brantigan and Grow revisited Dr. Jackson’s research 
and found very low incidence of subglottic stenosis. 
This procedure is recognized as the standard tech-
nique for an emergency rescue airway [ 3 ].  
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8.3      Anatomic Review   

 Understanding the anatomy of the neck is crucial 
to successfully performing the procedure and to 
decrease potential complications. Superiorly, the 
thyroid cartilage forms the laryngeal prominence 
on the anterior neck also known as the “Adams 
apple.” (Fig.  8.1 ) Inferiorly, the cricoid cartilage 
forms a fi rm, complete ring in the anterior neck 
and it is easily palpable. The cricothyroid mem-
brane is located inferior to the thyroid cartilage 
and superior to cricoid cartilage. (Fig.  8.2 ) It is 
subcutaneous in location and composed of dense 
fi brous tissue. There are no major vessels, muscle 
layers, or nerves surrounding this membrane. In 
an average adult, the membrane can be found in 
the anterior midline and one third the distance 
from the angle of the mandible to the sternal notch.

    It is important to understand that anatomical 
variations may exist. Distortion of normal anat-
omy may occur with obesity or disease processes, 

such as tumors, abscess, trauma, edema, or hema-
toma [ 5 ]. In children, the cricothyroid membrane 
is more superior and in infants the thyroid carti-
lage will not be as evident [ 5 ].  

8.4      Indications   

     1.    Failure/unsuccessful oral or nasal endotra-
cheal intubation   

   2.    Severe facial trauma   
   3.    Laryngospasm   
   4.    Airway obstruction from foreign body   
   5.    Massive emesis/hematemesis/hemorrhage   
   6.    Severe anaphylaxis/angioedema   
   7.    Cannot intubate, cannot ventilate (CICV)         

8.5      Contraindications   

     1.    Transtracheal transection   
   2.    Tracheal obstruction   
   3.    Laryngeal fracture   
   4.    Airway establishment – ETT, LMA, King 

tube      

8.6     Relative Contraindications 

     1.    Inability to identify landmarks due to ana-
tomic distortion   

   2.    Age less than 12      

8.7     Procedural Types 

8.7.1     Needle  Cricothyroidotomy   

  Needle cricothyroidotomy is the   procedure 
where a large bore needle with catheter (12–14 
gauge) is placed percutaneously through the 
skin, subcutaneous tissue, and cricothyroid 
membrane into the trachea [ 1 ,  5 ]. The patient 
can then be ventilated through the catheter by 
either transtracheal or transtracheal jet ventila-
tion. Transtracheal ventilation is oxygenation 
using a bag valve device with a 100% oxygen 
source for oxygen delivery or via oxygen tubing 

  Fig. 8.1    Thyroid Cartilage (Superiorly)       

  Fig. 8.2    Cricoid Cartilage (Inferiorly)       
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for passive ventilation. Respiratory rate is main-
tained with an average of 10–12 L/min for 
adults. Transtracheal jet ventilation is using an 
oxygen source that produces at least 50 psi of 
pressure to give high- frequency, low-volume 
bursts of oxygen delivery [ 5 ,  6 ]. This usually 
produces adequate oxygenation but leads to car-
bon dioxide retention and respiratory acidosis 
[ 2 ]. This can be decreased by allowing adequate 
exhalation time.  Needle cricothyroidotomy is   
only a temporizing measure until a defi nitive 
airway can be established [ 1 ].

   Advantages: Can be rapidly inserted with mini-
mal and easily accessible equipment  

  Disadvantages: Not a defi nitive airway, will need 
additional intervention [ 1 ]  

  Special considerations: Preferred method in chil-
dren less than 12 years of age [ 4 ]      

8.8      Procedure   

8.8.1     Instruments Required 

     1.    Chlorhexidine or any type of sterile prep   
   2.    3–10 cc syringe half fi lled with saline or ster-

ile water   
   3.    Over the needle IV catheter, 12–14 gauge   
   4.    Bag valve device with 100% oxygen source      

8.8.2      Patient Preparation   

 In an emergent airway situation, rapid yet thor-
oughly clean the anterior neck with chlorhexi-
dine. If time permits, drape out the neck from the 
chin to the sternal notch so anatomic structures 
and landmarks are easily identifi able.  

8.8.3     Identifi cation of Landmarks 

 Palpate the thyroid and cricoid cartilage. The cri-
cothyroid membrane is located between these 
 two   landmarks.  

8.8.4     Procedure 

     1.    After patient preparation and landmark iden-
tifi cation, have an assistant rapidly passing 
equipment. (Fig.  8.3 )

       2.    Attach fl uid-fi lled syringe to the needle.   
   3.    Preferably using your nondominant hand, 

locate the cricothyroid membrane with your 
index fi nger. Stabilize the larynx between 
your middle fi nger and thumb with one hand 
to prevent it from moving.   

   4.    With the other hand, insert needle attached to 
a syringe at the location marked previously by 
your index fi nger. (Fig.  8.4 ) Do this in a caudal 
direction bevel up at approximately 45 degree 
angle. While aspirating, slowly go through the 
subcutaneous, through the cricothyroid mem-
brane, and into the trachea. (Fig.  8.5 )

  Fig. 8.3     Superior   marking defi nes thyroid cartilage and 
inferior marking is the cricoid cartilage       

  Fig. 8.4    Slowly aspirate as you advance the needle 
through the cricothyroid membrane       

 

 

8 Emergency Airway: Cricothyroidotomy



62

        5.    Once air is aspirated, stop advancing the nee-
dle. Fully advance the catheter into the tra-
chea and remove the needle and syringe.   

   6.    Attach a connector or adapter from a #7 
endotracheal tube (ETT) directly to the 
catheter.   

   7.    Attach this connector to a bag valve assist 
device with 100% oxygen source.   

   8.    Ventilate the patient using respiratory rate of 
5–8 per minute, and allow for long passive 
exhalation of carbon dioxide. This will help 
prevent respiratory acidosis and barotrauma.   

   9.    If a jet insuffl ator is available, deliver small 
bursts with low volume and high-frequency 
oxygenation. Allow for adequate exhalation 
to prevent barotrauma.   

   10.    Secure the catheter in place to prevent kink-
ing or displacement.   

   11.    This is only a temporizing measure and the 
patient will need a defi nitive airway.      

8.8.5     Potential  Complications   

    Perforated esophagus  
  Subcutaneous emphysema  
  Subcutaneous placement of needle/catheter  
  Inability to pass catheter  
  Kinking of catheter  
  Pneumomediastinum/barotrauma/pneumothorax  
  Bleeding  
  Infection     

8.8.6     Procedural Pearls 

 Be sure to  slowly   advance the needle, and as soon 
as air is continuously aspirated, stop advancement. 
This avoids puncturing the back wall of trachea 
and potential injury to the esophagus. In addition, 
the advancement of the catheter can be tricky. 
Kinking of the catheter is a common complication 
that will prevent one from ventilating the patient 
[ 5 ]. Once the catheter is in place, hold it at all times 
and secure it quickly to prevent dislodgment.   

8.9     Surgical  Cricothyroidotomy   

  Surgical cricothyroidotomy   is a surgical incision 
through the cricothyroid membrane to gain direct 
access into the trachea. Placement of a tracheos-
tomy tube or endotracheal tube through the crico-
thyroid membrane is done so under direct 
visualization. Surgical cricothyroidotomy is pre-
ferred over emergent tracheostomy secondary to 
decreased vascularity of the cricothyroid mem-
brane, subcutaneous  location  , and easily identifi -
able landmarks for placement [ 1 – 3 ].

   Advantages: It is defi nitive airway control unlike 
needle cricothyroidotomy.  

  Disadvantages: Requires comfort and skill utiliz-
ing a scalpel.  

  Special considerations: Contraindicated in chil-
dren less than 12 years of age due to their soft 
membranous cartilage and ring integrity [ 6 ].     

8.10     Traditional Procedure 

8.10.1      Instruments Required   

     1.    Chlorhexidine or any sterile prep   
   2.    Scalpel   
   3.    Kelly clamp, +/− Trousseau dilator   
   4.    Trach hook (if available)   
   5.    ETT or tracheostomy tube, #5–#7   
   6.    5–10 cc air-fi lled syringe   
   7.    2–0 suture      

  Fig. 8.5    Slowly aspirate as you advance the needle 
through the cricothyroid membrane       
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8.10.2      Patient Preparation   

 In an emergent airway situation, rapid yet thor-
oughly clean the anterior neck with chlorhexi-
dine. If time permits, drape out the anterior neck 
from the chin to the sternal notch so the anatomic 
structures and landmarks are easily identifi able.  

8.10.3     Identifi cation of  Landmarks   

 Palpate the anterior thyroid cartilage superiorly 
and the fi rm, complete ring of the cricoid carti-
lage inferiorly. The membrane in between is the 
cricothyroid membrane.  

8.10.4     Actual Procedure 

     1.    If you are right handed, stand on the patient’s 
right side and immobilize the larynx with 
thumb and middle fi nger of your left hand.   

   2.    Find the cricothyroid membrane with your left 
index fi nger while continuing to immobilize. 
(Fig.  8.2 )   

   3.    With the scalpel, make a vertical incision 3 
centimeters in length over the membrane stay-
ing in the midline of the anterior neck. 
(Fig.  8.6 ) Next, make a 1 centimeter trans-
verse incision through the cricothyroid mem-
brane. (Fig.  8.7 )

        4.    If a trach hook is available, place it under the 
thyroid cartilage and ask an assistant to pull 
upward and cephalad.   

   5.    Insert a Kelly clamp, mosquito, or Trousseau 
dilator into the trachea and gently widen the 
opening. (Fig.  8.8 )

       6.    Insert the tracheostomy tube or endotracheal 
tube in a caudal fashion. (Fig.  8.9 )

       7.    Infl ate the pilot balloon. If using a tracheos-
tomy tube, insert the inner cannula.   

   8.    Attach tube to a bag valve device with an  oxy-
gen   source and ventilate the patient with 
100% oxygen.   

   9.    Once patient is being adequately ventilated, 
secure the ETT or tracheostomy tube to pre-
vent dislodgment.      

  Fig. 8.6    Verticle incision through the skin       

  Fig. 8.7    Photo  depicts   simulated cricoid membrane 
incision       

  Fig. 8.8    Photo  depicts   simulated dilation with Kelly 
clamp       
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8.10.5     Potential  Complications   

    Bleeding  
  Subcutaneous emphysema  
  Placement of endotracheal tube/tracheostomy in 

subcutaneous tissue  
  Pneumomediastinum/barotrauma/pneumothorax  
  Infection     

8.10.6     Procedural Pearls 

 One must be cautious when inserting the tracheos-
tomy tube or ETT into the airway to avoid injury to 
the balloon.    The debate regarding conversion of a 
surgical cricothyroidotomy to a tracheostomy is 
ongoing. Literature exists to support both the abil-
ity to safely keep the surgical cricothyroidotomy in 
place and to convert to  tracheostomy and avoid 
long-term complications such as tracheal stenosis.   

8.11     Rapid Four-Step Surgical 
Cricothyroidotomy 

 Indications, contraindications,  potential   com-
plications, patient preparation, and land-
marks are unchanged from traditional surgical 
cricothyroidotomy. 

8.11.1     Procedure [ 7 ] 

     1.    Prep the patient and locate landmarks as pre-
viously described.   

   2.    Immobilize the larynx with the thumb and 
middle fi nger of your nondominant hand. 
Identify the cricothyroid membrane with your 
index fi nger.   

   3.    With your dominant hand, make a transverse 
stab incision with a #11 scalpel through the 
skin and cricothyroid membrane.   

   4.    Insert a trach hook inferiorly in this proce-
dure, under the cricoid cartilage (opposite the 
traditional procedure), and gently pull in a 
caudal direction.   

   5.    Insert tracheostomy tube or ETT into the 
opening and in a caudal direction.       

8.12      Percutaneous and Dilator 
Cricothyroidotomy Kits   

  Percutaneous dilator kits   are commercially avail-
able from a variety of vendors. Two main types 
include a one-step dilator system and the other 
utilizes a Seldinger technique.

   Advantages:    Commercial kits have all the neces-
sary equipment to complete the procedure.  

  Disadvantages: Kit may not be readily available 
or easy to fi nd by staff.     

8.13      Procedure   

8.13.1     Patient Preparation 

 In an emergent airway situation, rapid and thor-
oughly clean the anterior neck with chlorhexi-
dine. Drape out the  neck   so anatomic structures 
and landmarks are easily identifi able.  

8.13.2     Identifi cation of  Landmarks   

 Palpate the thyroid and cricoid cartilage. The crico-
thyroid membrane is between these two landmarks.  

8.13.3     Actual Procedure 

 This procedure will vary depending on commer-
cial kit utilized by the institution. Commercial kits 

  Fig. 8.9    Photo  depicts   direction of tracheostomy or 
endotracheal tube insertion       
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have quick picture instructions and more detailed 
instructions.  

8.13.4     Potential  Complications   

    Perforated esophagus  
  Subcutaneous emphysema  
  Subcutaneous placement of needle  
  Inability to pass wire into trachea  
  Placement of endotracheal tube/tracheostomy 

tube in subcutaneous tissue  
  Pneumomediastinum/barotrauma/pneumothorax  
  Bleeding  
  Infection     

8.13.5     Procedural Pearl 

 During an  airway    emergency   is not the time to 
familiarize yourself with the location of the kit 
or the assembly and technique used in your 
commercial kit [ 6 ]. It is important to review the 
location and the instructions several times 
throughout the year.   

8.14     Summary 

 When traditional airway management techniques 
are failing, cricothyroidotomy will be the lifesaving 
intervention to establish an airway. This procedure 

is a rescue airway to either buy time (needle 
 cricothyroidotomy) or to establish a defi nitive 
airway (surgical cricothyroidotomy). The spe-
cifi c type of procedure will depend on the primary 
operator’s comfort level and experience. 
Although this procedure is performed infre-
quently, it is a vital tool for lifesaving interven-
tion in a true airway emergency. All providers 
managing an airway should understand and be 
ready to perform this rescue intervention.     
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      Percutaneous Dilatational 
Tracheostomy                     

     Peter     S.     Sandor       and     David     S.     Shapiro     

      Abbreviation List 

   ACF    Anterior cervical spine fi xation   
  AORN    Association of periOperative Registered 

Nurses   
  BMI    Body mass index   
  BVM    Bag-valve-mask   
  Cm    Centimeter   
  CPP    Cerebral perfusion pressure   
  DDAVP    Desmopressin acetate   
  ET    Endotracheal tube   
  FFP    Fresh frozen plasma   
  FiO 2     Fraction of inspired oxygen   
  ICP    Intracranial pressure   
  INR    International normalized ratio   
  kg    Kilogram   
  m 2     Meter squared   
  mcg    Microgram   
  mg    Milligram   
  min    Minute   
  ml    Milliliter   
  mm    Millimeter   

  mm Hg    Millimeter of mercury   
  MV    Mechanical ventilation   
  PDT    Percutaneous dilatational tracheostomy   
  PEEP    Positive end expiratory pressure   
  PTT    Partial thromboplastin time   
  RCP    Respiratory care practitioner   
  RN    Registered nurse   

9.1         Introduction (Fundamentals) 

 The endotracheal tube is the preferred method for 
airway maintenance in the short duration. Poor 
patient comfort and airway complications limit 
its long-term utility, leading to an increase in the 
need for tracheostomy for both airway protection 
and chronic respiratory failure [ 1 ]. As a result, 
Cook Critical Care (Bloomington, IN) collabo-
rated in the development of a single-use bedside 
percutaneous dilatational tracheostomy (PDT) 
kit [ 2 ]. Since that time, several devices have been 
developed from a variety of manufacturers, with 
slight variations in both technique and methodol-
ogy [ 3 ]. 

 PDT is now a  commonly   performed  critical 
care procedure  . It has fewer complications than 
traditional open tracheostomy and has gained 
wide acceptance as the preferred method for 
semi-elective and elective tracheostomy [ 4 ]. 
When compared to open tracheostomy, PDT has 
the benefi t of bedside placement with less peri-
operative complications [ 5 ]. Bedside placement 
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requires fewer resources and completely elimi-
nates the need for transport of critically ill 
patient, which, in this population, carries a 
“mishap” rate of 33 % [ 6 ]. Avoiding the operat-
ing room also eliminates fi nancial and time 
expenditures (including room times and person-
nel) which can also reduce cost [ 7 ,  8 ]. 

 Advanced care providers of critical care ser-
vices should be capable of performing PDT with 
attending oversight. Though uncomplicated in 
experienced hands, airway-related complications 
can be disastrous. Proper patient selection, metic-
ulous attention to technique, proper practitioner 
training, and education are crucial to maximize 
success. PDT  requires   at least two trained proce-
duralists working together, and both must 
possess appropriate experience before indepen-
dent involvement in either the cervical operator 
or the bronchoscopist role. In experienced hands, 
PDT is a better alternative to open tracheostomy 
with fewer procedural complications and equiva-
lent long-term outcomes.  

9.2      Indications   

 PDT is indicated in patients who require long- 
term airway management and/or protection or in 
patients who are unable to wean from mechanical 
ventilation via endotracheal tube. Many 
approaches are documented on the timing of tra-
cheostomy, but consensus exists that patients 
should undergo tracheostomy if mechanically 
ventilated for, or anticipated to require mechani-
cal ventilation for, longer than 10–14 days 
[ 9 – 12 ]. Particular patient populations, including 
those with severe stroke or traumatic brain inju-
ries, have been shown to benefi t from earlier tra-
cheostomy [ 13 ,  14 ].  

9.3      Contraindications   

 PDT is a very well-tolerated procedure, but there 
are some patients who may not be ideal candidates. 
Concerns about tracheostomy site, body habitus, 
concurrent injury, or overall medical condition 
may contribute. Relative contraindications include:

 –    Infection or skin/soft tissue pathology at tra-
cheostomy site.  

 –   Hemodynamic instability—initiation of anal-
gesics, anxiolytics, and paralytic medication 
may result in irreversible hypotension.  

 –   BMI > 35 kg/m 2 —larger patients may have 
pre-cervical soft tissue that is too thick for the 
standard tracheostomy tube to traverse, 
resulting in incomplete or poor cannulation of 
the trachea and high risk for inadvertent 
decannulation; extra long tracheostomy tubes 
may be required.  

 –   Cervical spine instability and/or fracture—to 
minimize the risk of complications such as 
pneumonia, early tracheostomy should be 
attempted once patients are medically stable 
[ 15 ]. Ordinarily, hyperextension facilitates 
landmark identifi cation and palpation of the 
fi rst few tracheal rings; in the absence of 
hyperextension, percutaneous method should 
be aborted unless landmarks are clearly iden-
tifi able. Removal of the  rigid   cervical collars 
should only be performed after chemical 
paralysis and in-line spine stabilization. In 
patient requiring anterior cervical instrumen-
tation/fi xation (ACF), tracheostomy can 
safely be performed as soon as 2 days after 
surgery. In a retrospective review of 1184 
ACFs, 1.7 % of patients required postopera-
tive tracheostomy which resulted in no docu-
mented postoperative wound infections [ 15 ]. 
Similarly, Northrup revealed that ACF can 
also be performed safely  after  tracheostomy 
with similar safety [ 16 ].  

 –   Previous tracheostomy—PDT may still safely 
be performed utilizing the same tract. 
However, tissue bleeding can be more diffi -
cult to control, so dissection should be 
avoided.  

 –   Elevated intracranial pressure—early trache-
ostomy in traumatic brain injury has been 
demonstrated to be benefi cial, but maintaining 
intracranial pressure (ICP) <20 mmHg and 
cerebral perfusion pressure (CPP) >65 mmHg 
is important to avoid secondary brain injury. 
Patients should initially be evaluated by low-
ering the head of bed to fl at and reassessing 
ICP and CPP with the patient in the supine 
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position; if elevation of ICP occurs and com-
promises cerebral perfusion, the procedure 
should be postponed.  

 –   Severe hypoxemia—patients who require PEEP 
>10 cmH 2 O or FiO 2  > 0.60 to prevent hypoxia 
should have PDT postponed. Changes in mean 
airway pressures and alveolar recruitment could 
occur during percutaneous tracheostomy or 
bronchoscopy, resulting in worsening hypoxia.  

 –   Coagulopathy—patients with coagulopathy 
(INR >1.5) should be treated with fresh frozen 
plasma, factor concentrates, or other therapies 
either before or during the procedure. 
Thrombocytopenia of <50,000/mm 3  should be 
treated with platelets or desmopressin acetate 
(DDAVP) as clinically indicated.  

 –   Unfractionated  heparin   infusion—the infusion 
should stop 3–6 h prior to starting the proce-
dure to allow for normalization of the partial 
thromboplastin time (PTT). It is also prudent 
to reassess PTT prior to the procedure. 
Following PDT, it is safe to restart the heparin 
infusion within the fi rst 3–6 h post procedure.    

 In addition, the manufacturers [ 2 ] include 
contraindications to the percutaneous method, 
including:

 –    Emergent airway settings  
 –   Thyromegaly  
 –   Non-palpable cricoid cartilage/absent 

landmarks  
 –   Pediatric patients  
 –   Non-intubated patients  
 –   Positive end expiratory pressure (PEEP) >20 

cmH 2 O  
 –    Uncorrected   coagulopathy     

9.4     Resources  Required   

 Though PDT does not require the logistics and 
resources used in an open tracheostomy, two 
capable proceduralists are necessary. One 
proceduralist is responsible for the bronchoscopy 
and orotracheal airway management, while the 
second proceduralist is responsible for the trache-
ostomy procedure. In addition, a  respiratory care 

practitioner (RCP)   is required for maintaining the 
existing airway as well as changing endotracheal 
tube position as needed during the procedure. 
Some RCPs prefer to ventilate by bag-valve- mask 
device; however, mechanical ventilation can be 
used as long as the RCP remains at the bedside. 
An experienced ICU nurse (RN) is also required 
to administer medications, maintain accurate doc-
umentation, and assure the patient’s monitoring 
and ICU level of care are unperturbed. 

9.4.1     Monitoring 

 As in any critical  care   setting,  patients   must be 
maintained on continuous telemetry with a bed-
side monitor. Vital sign assessments and moni-
toring should be performed frequently during the 
bedside procedure, which is essential to avoid 
morbidity or mortality. Oxygen saturation, heart 
rate, and blood pressure should be monitored 
continuously. End-tidal carbon dioxide monitor-
ing is helpful to confi rm adequate ventilation. 
Monitoring equipment integrity must be consid-
ered before beginning the procedure. 

 Pulse oximetry should be utilized continu-
ously. Poorly attached probes, dysfunctional 
devices, and diaphoretic patients could result in 
inaccurate data and should be remedied prior to 
any airway manipulation. Additionally, any vari-
ation in oxygen saturation should be met with 
immediate attention. A bronchoscope in the 
endotracheal tube can increase airway pressures 
which can result in low tidal volumes, 
hypoventilation, and hypoxia. Preemptive hyper-
oxygenation is important to minimize desatura-
tion. Any decrease in oxygen saturation should 
be met with immediate cessation of bronchos-
copy, removal of bronchoscope, and reassess-
ment of the patient. If oxygen saturation does not 
return to baseline, consideration should be made 
to abort the procedure and reassess the patient. 

 Heart rate is an important indicator of pain 
and/or anxiety in a paralyzed patient. Analgesics 
and sedatives should be dosed reasonably and 
judiciously with any indication of pain. 
Bradycardia is an ominous sign if associated 
with hypoxemia or pulse oximetry that has been 
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interpreted as “not accurate.” If bradycardia 
occurs, abort the procedure and reevaluate the 
airway immediately. Bradycardia can also be a 
response to vagal stimulation, especially in 
patients with spinal cord injury and/or brain 
injury. Patients with neurological injuries may 
benefi t from chronotropes or vasopressors. 

 Blood pressure must also be continuously 
monitored. Hypertension is most commonly 
associated with pain or agitation and should be 
treated with analgesia or sedation. Hypotension 
is a common response to sedation and paralysis 
and usually responds to a fl uid bolus. Signifi cant 
hypotension should be met with a head-to-toe 
patient examination, evaluating for other diagno-
ses, including complicating pneumothorax or 
hemorrhage. Frequently, patients may become 
hypotensive immediately following the proce-
dure as stimulation is minimized. This often 
resolves after sedation  is   lightened.  

9.4.2      Equipment   

 –     Cook Critical Care (Bloomington, IN) Ciaglia 
 Blue Rhino®   percutaneous tracheostomy tray.  

 –   Shiley™ percutaneous tracheostomy tube 
with disposable inner cannula. 1   

 –   Sterile gowns and full barrier precaution 
devices, including gloves, cap, and mask for 
each participant.  

 –   Chlorhexidine solution applicator device.  
 –   15 mm angled dual-access swivel adaptor.  
 –   Bag-valve-mask (BVM) apparatus.  
 –   5 mm or smaller bronchoscope with cart, 

screen imaging is required given the need for 
both providers to visualize the trachea.  

 –   Bedside table.  
 –   Towel, pad, or other “rolls” to assist with 

hyperextension (unless contraindicated).  
 –   Sterile water, approximately 100 ml.    

 In addition to the list  above  , an intubation 
tray and a surgical/open tracheostomy tray 
should be available.   

1   The Shiley™ brand is specially designed for compatibil-
ity with the Blue Rhino insertion kit, including a tapered 

9.5     Performing the Procedure 

 The Cook Critical Care (Bloomington, IN) 
Ciaglia  Blue Rhino®   Advanced Percutaneous 
Tracheostomy Set and technique will be explained 
here. Other  devices  , including the Portex® 
Griggs Forceps Kit, Cook Critical Care® Blue 
Dolphin Kit, Surgitech/Fresenius (Runcorn, 
Cheshire, UK) Rapitrach, and Rusch- Thermo 
Fisher® (Waltham, MA) PercuTwist (2002), each 
have similar yet distinct techniques. 

 Before any procedure is undertaken at the 
bedside, a formal “time-out procedure” should be 
performed. A “time-out procedure” consists of 
correctly stating the patient’s identity (with name 
band and medical record number), confi rms the 
exact procedure, and verifi es procedural consent 
with providers. This not only identifi es the patient 
but also demonstrates a unifi ed goal for the team 
of providers. 

 Step 1: After proper patient selection, patient 
or proxy authorization, and site marking, a brief-
ing is held to assure proper equipment, personnel, 
documentation, and other needs are met (accord-
ing to institutional standard). Subsequently, the 
institutional Association of periOperative 
Registered Nurses (AORN) recommended “time-
out” is performed. Once the time-out is complete, 
the patient may undergo supplemental sedation. 
Propofol (initially 0.05–0.5 mg/kg IV initial 
bolus with maintenance of 25–50 mcg/kg/min) or 
intermittent midazolam bolus (1–2 mg intrave-
nous given every 3–5 min) should be used ini-
tially to achieve adequate sedation. Once sedation 
is at an appropriate level, analgesia should be 
provided with opiate analgesia, such as fentanyl 
(0.5–2 mcg/kg dosed every 3–5 min). Once a 
stable sedation level is achieved and patient’s 
vital signs remain stable, a single dose of cisatra-
curium besylate (0.15–0.2 mg/kg IV) is recom-
mended for chemical paralysis. Fentanyl is 
recommended for its short duration of action with 
minimal hemodynamic effects. Propofol is pre-
ferred for its short half-life, but patients may 
become hypotensive due to its vasodilatory 

distal tip and inverted cuff shoulder for easier insertion  
[ 2 ]. 
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effects, especially in those with severe infl amma-
tory response or distributive shock. After initia-
tion of the procedure, further doses of analgesia 
or sedation should be provided every 3–5 min 
based upon perceived pain and agitation. 

 Step 2: The patient and bed position are both 
important. The patient’s headboard should be 
removed if present, and the bed must be moved to 
provide space to accommodate both the broncho-
scopic provider and respiratory care practitioner. 
The right-handed cervical operator should be 
positioned at the patient’s right and on the left for 
the left handed. After the stable anesthetic plane 
is established, the head of bed is lowered so the 
patient is in a supine position, and a rolled pad  or   
towel is placed beneath the patient’s scapulae 
with suffi cient elevation to permit hyperexten-
sion (Fig.  9.1 ). The occiput should remain on the 
mattress, foam ring, or small pillow. Absorptive 
pads should be used to avoid spillage of blood, 
preparatory solution, or irrigation on the bed lin-
ens. Hyperextension allows for slight cephalad 
projection of the trachea, permitting palpation of 
the tracheal rings. Reexamination of the neck 
should be performed by inspection and palpation. 
A systematic approach is best: palpate the thy-
roid cartilage and move inferiorly in a stepwise 
fashion locating the cricothyroid membrane, the 

cricoid cartilage, and the fi rst and second tracheal 
rings. The ideal location for the needle puncture 
will be either in the fi rst or second tracheal ring 
interspaces.

   Step 3: The bed height is adjusted to accom-
modate both the bronchoscopist and operator. 
The bronchoscopist should ready the broncho-
scope, including checking for suction and image 
quality. The operator should ready the PDT tray 
and equipment by fi rst checking for package 
integrity and expiration date. The PDT tray is 
opened and, under sterile conditions, placed on a 
bedside table or Mayo stand. About 25–50 ml of 
sterile water is poured into the largest cavity in 
the Blue  Rhino   tray (Fig.  9.2 ). The  EZ-Pass®  
hydrophilic coating is activated by sterile water 
or saline [ 2 ]. The operator should cleanse his/her 
hands and don a sterile gown, cap, mask, and 
gloves. The properly sized Shiley percutaneous 
tracheostomy tube is then opened and placed on 
the sterile tray. The tracheostomy balloon may be 
tested by institutional or practice standard. The 
bedside table or Mayo stand may be positioned 
over the patient for convenient access.

   Step 4: The removable inner cannula will usu-
ally be found in the tracheostomy when the pack-
age is opened—this should be removed and 
placed in a convenient location, as the patient 

  Fig. 9.1    Positioning  with   
shoulder roll       
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cannot be ventilated without the inner cannula as 
a conduit. The tracheostomy tube should then be 
lubricated and the appropriately sized blue load-
ing dilator inserted to the appropriate distance; 
approximately 2 cm of dilators tapered end should 
protrude through the distal portion of the trache-
ostomy (Fig.  9.3 ). Three  loading  dilators are 
included with the Cook PDT kit: 24 French (F), 
26 F, and 28 F (Fig.  9.4 ).  They   correspond to size 
4, size 6, and size 8 Shiley tracheostomy tubes, 
respectively. The white guiding catheter should be 
inserted into the narrow end of the  Blue Rhino® 
   taper  dilator until the safety ridge is reached and 
all should be moistened with water (Fig.  9.5 ).

     The patient’s neck is then prepped with 
chlorhexidine solution and permitted to dry. Then 
the sterile drape, included in the  Ciaglia kit  , is 
applied making certain the center of the hole of 
the drape is located over the thyroid cartilage and 
sternal notch (Fig.  9.6 ).

   Step 5: A syringe is prepared with  10 ml of the 
1.5 % lidocaine with epinephrine  which is 
located in the disposable tray. Secure the 25 

  Fig. 9.2    Pouring sterile  water   onto hydrophilic coated 
(lubricated) dilator       

  Fig. 9.3    Trach with  loading   dilator       

  Fig. 9.4     Loading   dilators       
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gauge needle in place on this syringe. All sharps 
should be secured in the red and white foam 
sharp device cup .  

 Step 6: With the patient adequately sedated 
and paralyzed, the respiratory care practitioner 
should remove the patient from mechanical ven-
tilation (MV) and manually ventilated with 
100 % inspired oxygen. A 15 mm dual-access 
angled swivel adaptor should be attached to the 
endotracheal tube to allow for bronchoscopy and 
ventilation simultaneously. 

 Step 7: The bronchoscopist will apply a small 
amount of water-soluble lubricant to the scope 
shaft. The RCP will secure the endotracheal tube 
(ET) during the bronchoscopy. Prior to initiation of 
the procedure, the bronchoscope is advanced 
through the ET to the level of the carina. This will 
confi rm that the bronchoscope could be advanced 
through the ET conduit. Signifi cant secretions or 
concretions should be noted. Care should be taken 
not to injure the tracheal mucosa. Formal bronchos-
copy is delayed until after tracheostomy is com-
pleted. During the procedure, the bronchoscope 
should be left within the endotracheal tube lumen 
and should only be utilized during the actual proce-
dure to avoid hypoventilation and hypoxia. 

 Step 8: With the airway now secure, land-
marks are identifi ed, including the sternal notch, 
cricoid cartilage, etc. With the nondominant 
hand’s thumb and middle fi nger, the trachea is 
secured in the midline, allowing use of the index 
fi nger to palpate the tracheal rings. First, inject 
5–10 ml of the local anesthetic. Skin bleeding is 
usually minimized with an epinephrine- 
containing solution. Then, a vertical incision is 
made, approximately 1.5–2 cm in length, through 
the skin only, avoiding the deeper structures of 
the neck. This incision is centered about 2–3 cm 
superior to the sternal notch. A vertical  incision 
  is chosen to provide fl exibility in the fi nal loca-
tion of the tracheotomy. This vertical incision 
allows for extension in either direction if needed. 
It can also avoid skin bleeding as most skin vas-
cular structures are vertically located. 

 Step 9: Once the incision is completed, the 
thumb and middle fi nger of the operator’s non-
dominant (superior) hand are placed on either 
side of the incision and used to center the trachea 

  Fig. 9.5    Guiding  catheter   within tapered dilator       

  Fig. 9.6    Neck  prepped   and draped       
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in the midpoint of the incision and visualize soft 
tissues (Fig.  9.7 ). To better palpate the tracheal 
rings, some prefer to develop a small plane 
through the soft tissues of the neck using a small 
hemostat. In order to avoid unnecessary bleed-
ing, dissection should be midline, minimal, con-
trolled, and blunt (Fig.  9.8 ).

    Step 10: The bronchoscopist and respiratory 
care practitioner work together to withdraw the 
ET to a level just below the vocal cords. The 
bronchoscope is fi rst inserted to the level of the 
carina. Prior to withdrawing the endotracheal 
tube, transillumination (in a darkened room, 
withdrawing the bronchoscope from carina to the 
proximal ET, observe for transillumination in the 
incision—this measured distance should be 
noted) can help predict the proper distance to 
withdraw the ET tube (Fig.  9.9 ). As a rule of 
thumb, 18 cm is a reasonable distance to begin in 
most adult patients. As the respiratory care prac-
titioner prepares to withdraw the ET, the bron-
choscopist should readvance the scope so the tip 
is just above the carina. Caution must be utilized 
to avoid premature extubation. Without defl ating 

  Fig. 9.7     Initial   incision       

  Fig. 9.8    Hemostat  dilating   soft tissue following skin 
incision       

  Fig. 9.9    Tracheal transillumination with bronchoscope       
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the ET tube cuff (to minimize aspiration of oral 
secretions), the RCP withdraws the ET the mea-
sured transilluminated distance. Remember, the 
bronchoscope should be maintained at the level 
of the carina during the ET withdrawal process. 
This allows the bronchoscope to be used as a 
“bougie” for re-intubation in the event of prema-
ture extubation. The RCP should resecure the 
tube at the new position. Once resecured, the 
bronchoscope should be retracted into the 
ET. Maintaining the bronchoscope inside the ET 
will prevent an inadvertent needle injury to the 
costly bronchoscope.

   Step 11: Now that the incision has been cre-
ated and the ET in proper position, tracheal 
puncture with the 15 gauge introducer needle is 
now performed. The 15 gauge introducer needle 
may be used without a syringe or may be 
attached to the hub of a 10 ml syringe contain-
ing 2–3 ml of water or saline (this allows for a 
better grasp of the needle, and bubbles in the 
syringe may help confi rm tracheal placement). 
With the thumb and middle fi nger of the non-
dominant hand securing the trachea and retract-
ing the skin edges, the index fi nger of the same 
hand should be used to identify the landmark of 
the fi rst or second tracheal ring space. The dom-
inant hand should grasp the needle in the middle 
of the shaft and placed into the midline of the 
tracheal incision, aiming inferiorly with the 
bevel facing up. The tip should be advanced into 
the trachea with the bronchoscope visualizing 
tracheal entry (Fig.  9.10 ). The needle should be 
advanced into the  midpoint   of the trachea. 
Handling the needle in the mid-shaft can pre-
vent deep needle penetration, minimizing poste-
rior tracheal wall injury. The needle should 
enter the trachea at the 12 o’clock position; 
however, anywhere from 10 o’clock to 2 o’clock 
is acceptable. Once the needle is confi rmed in 
the trachea, immediately insert the fl exible 
stainless steel J-wire through the needle, visual-
izing its entry into the tracheal lumen, and sub-
sequently remove the needle (Fig.  9.11 ).

    Step 12: The blue 14 French introducer dilator 
(Fig.  9.12 ) should next be advanced over the wire 
and passed through the puncture site three times. 
The wire and introducer dilator are visualized 

bronchoscopically. The blue 14 French dilator is 
then removed while leaving the guidewire in 
place. It is imperative to always maintain control 
of the guidewire.

   Step 13: The large tapered dilator containing 
the inner 8 French white guiding catheter is then 
threaded onto the guidewire. When handling the 
tapered dilator, it should be grasped fi rmly behind 
the “skin level” line since the hydrophilic coating 
makes the distal end of the dilator slippery. It is 
then advanced over the guidewire and followed 
bronchoscopically. The white guiding catheter’s 
safety ridge should be abutting the tip of the 

  Fig. 9.10    Access  needle   visualized in trachea       

  Fig. 9.11    Bronch  visualizing   wire ( green ) advancing into 
trachea       
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tapered dilator (Fig.  9.5 ). It is important to hold 
the dilator at a right angle to the puncture site, 
just as one would angle the suture needle when 
entering the skin (Fig.  9.13 ). Advance the dilator 
until the thick black line on the taper dilator, 
which reads “skin level,” is at the skin level 
(Fig.  9.14 ). A second passage with the tapered 
dilator may be desirable if there is resistance with 
the initial passage. In patient with large necks, it 
might be necessary to advance the dilator past the 
“skin level” mark in order to achieve adequate 
tracheal dilation. The tapered dilator is then 
removed, though the white guiding catheter and 
guidewire  must  be left in place.

    Step 14: Once the tapered dilator is removed, 
advance the tracheostomy tube with blue load-
ing dilator as one unit over the white guiding 
catheter and guidewire. Again, care should be 
taken to abutt the saftey ridge of the white 
guiding catheter to the tip of the loading dila-
tor. With gentle pressure, the tracheostomy/
dilator unit should enter the trachea at a right 
angle, allowing the curve of the tracheostomy 
to advance naturally. Avoid forcing the device 

  Fig. 9.12     Initial   dilator         Fig. 9.13     Taper   dilator being inserted       

  Fig. 9.14    Taper dilator being advanced to skin mark       
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through the incision, as too much pressure will 
bend the wire and white guiding catheter, per-
mitting false passage into an extratracheal path 
or damaging the posterior tracheal wall. There 
will be some resistance when the defl ated cuff 
of the tracheostomy tube is advanced  through 
  the anterior tracheal wall. This will be fol-
lowed by an immediate loss of resistance. This 
should always be completed under broncho-
scopic guidance confi rming the cuff inside the 
trachea (Fig.  9.15 ).

   Step 15: Once the tracheostomy/dilator unit is 
in the trachea, the operator should hold the tra-
cheostomy in place while removing the dilator, 
white guiding catheter, and guidewire. The tra-
cheostomy inner cannula should be immediately 
inserted and the cuff infl ated (Fig.  9.16 ). The 
bronchoscope and 15 mm angled swivel adaptor 
should be removed from the ET and attached to 
the tracheostomy. Next, the bronchoscope is 
advanced through the tracheostomy to confi rm 
endotracheal placement above the carina. The 
operator should secure and maintain control of 
the tracheostomy at all times.

   Step 16: The tracheostomy should be secured 
appropriately with the institution’s preferred 
securing device. The twill tracheostomy ties 
should be avoided, as they can result in inappro-

priately high pressure onto the skin of the neck. 
Similarly, suturing of the tracheostomy is not rec-
ommended as sutures can result in both pressure- 
related skin changes and ulceration. Additionally, 
sutures are not proven to prevent tracheostomy 
dislodgement [ 17 ]. If sutures are preferred or dic-
tated by institutional standard, removal is advo-
cated on post-procedure day 3 to avoid 
pressure-related skin changes. 

 Once the tracheostomy is secured, the patient 
should be reconnected to mechanical ventila-
tion. Chest radiography may be the standard at 
some institutions, though it is not required 
unless complications or concern arise. Proper 
placement is confi rmed by end-tidal carbon 
dioxide monitoring, vital signs,    physical exam, 
bronchoscopy, and/or chest radiography. Vital 
signs should be continually monitored with the 
post-procedure guideline of the institution.  

  Fig. 9.15    Bronch  confi rming   trach tube balloon within 
trachea         Fig. 9.16    Inner  cannulae   being inserted       
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9.6     Procedural Complications 

 Though percutaneous tracheostomy  is   a bedside 
procedure, it is not without associated serious risk. 
Proper patient selection, training, and experience 
will avoid most complications. Some complica-
tions will occur, including death (0.16–0.4 %), 
major bleeding (0.1 %), pneumothorax (0.2 %), 
posterior tracheal perforation (1.6 %), and loss of 
airway [ 18 ,  19 ]. The experienced use of bronchos-
copy minimizes the incidence of airway loss and 
posterior tracheal wall injury, and though some 
providers prefer PDT without bronchoscopy, it is 
highly recommended [ 20 ]. Conversion to an open 
technique should always be available, either at the 
bedside or the operating room, as it remains the 
gold standard for tracheostomy. 

 Minor perioperative complications are quite 
manageable. The most commonly encountered 
complication is skin bleeding. If blunt dissection 
is minimized and bleeding is noted from the skin 
edge, the insertions of the PT will usually result 
in tamponade [ 21 ]. Visible bleeding is occasion-
ally noted from small anterior skin vessels and 
may be controlled with 4–0 or 3–0 absorbable 
suture on a tapered needle. 

 Hypoxia is uncommon and minimal despite 
the use of bronchoscopy. If hypoxia occurs, 
immediate removal of the bronchoscope will 
usually  improve   oxygenation. Resume the proce-
dure only when hypoxemia resolves.  

9.7     Delayed Complications 

 Intermediate and late complications are diffi cult to 
accurately quantify and are infrequent. 
Tracheostomy tube occlusion, dislodgement,  or 
  cuff malfunction has a combined incidence of 0.3–
0.8 % [ 17 ,  18 ]. In the event of tracheostomy dis-
lodgement, secure an airway with either immediate 
replacement of the tracheostomy or by oral endo-
tracheal intubation. Replacement of a dislodged 
tube in the fi rst 72–96 h post-op may be met with 
diffi culty in the absence of a defi ned tract. Oral 
endotracheal intubation should not be delayed if 
the tracheostomy cannot be easily and immedi-
ately replaced. Smaller-sized tracheostomy or 

endotracheal tubes may be placed into the trache-
ostomy site if re-intubation is not immediately 
available; this should only be performed by expe-
rienced providers. Extratracheal placement of a 
tube cannot only worsen airway obstruction, and it 
can result in a severe vascular, aerodigestive, or 
other tissue injuries. 

 While overall tracheal stenosis rates are noted 
to be 1.7 % [ 17 ], clinically evident tracheal ste-
nosis after PDT has an incidence of 0.16–0.35 %, 
which is comparable to open surgical tracheos-
tomy [ 18 ,  22 ]. Tracheo-innominate artery fi stula 
is a dreaded, rare complication, with an incidence 
of <0.35 % [ 18 ].     
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10.1           Introduction 

 Gustav Killian, a German laryngologist, is consid-
ered to be the father of bronchoscopy. In Killian’s 
early years of practice, he learned his technique 
with a laryngoscope on a servant in his own home. 
Prior to this, an instrument had not been inserted 
into the trachea due to its perceived vulnerability, 
and instrumenting beyond the bifurcation of the 
branching bronchi was not considered. He later 
perfected his practices on a janitor of a hospital in 
exchange for a small amount of money. This is 
where Killian discovered that it was possible to 
slide a tube into the trachea and advance it to the 
bronchi without causing bleeding. Killian reported 
these fi ndings to the Society of Medical Doctors in 
Freiburg and was then presented with his fi rst 
patient. On March 30, 1897, Killian fi rst removed a 

foreign body from the right mainstem bronchus via 
the translaryngeal route [ 1 ]. Killian performed the 
fi rst bronchoscopy using a  Mikulicz-Rosenheim 
esophagoscope     , which was only 25 cm long, and 
used it to remove a pork bone from the patient’s 
right mainstem bronchus; notably, the bone could 
not be drawn through the lumen of the scope due to 
its narrow diameter of 8 mm so the bone was 
removed with forceps along with the tube [ 1 ]. In 
1898 Killian was able to report three successful 
foreign body extractions at the Congress of the 
Southwest German Laryngologists at Eastertime in 
Heidelberg, which made Heidelberg the center for 
study of bronchoscopy. Since its early practice, 
bronchoscopy has evolved into a relatively safe 
and widely performed procedure that is performed 
in various inpatient and outpatient settings.  

10.2     Types of Bronchoscopy 

 Bronchoscopy is an  endoscopic procedure   where 
an instrument is introduced into the airways and 
used to visualize the airways for diagnostic pur-
poses and/or perform interventions for therapeutic 
purposes. The three main types of bronchoscopy 
relevant to the ICU provider are rigid bronchos-
copy, fl exible bronchoscopy, and virtual 
bronchoscopy. 

 Rigid  bronchoscopy      uses a rigid scope com-
posed of an  infl exible tube   that encloses the 
 telescope, light source, and channels through 
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which to work and has been used to visualize the 
proximal airways [ 2 ]. A rigid bronchoscope has 
large working channels that allow for large 
amounts of tissue removal such as removal of 
tumors.  Rigid bronchoscopy has been   described 
as the treatment of choice for hemoptysis 
[200 mL in 24 h], extraction of foreign bodies, 
biopsy of vascular tumors, dilation of tracheo-
bronchial strictures, and placement of airway 
stents [ 3 ]. Rigid bronchoscopy is typically per-
formed under  general anesthesia   in the operating 
room by a thoracic surgeon or interventional pul-
monologist. Therefore, the procedures related  to 
     rigid bronchoscopy will be discussed only briefl y 
in this chapter since they are not likely to be per-
formed by the ICU provider. 

 Virtual  bronchoscopy      uses  computer- 
generated pictures   that are generated from com-
puter tomography images. Virtual bronchoscopy 
is noninvasive and provides information about 
structures outside the airways such as lymph 
nodes. However, this form of bronchoscopy 
does not closely visualize mucosal abnormali-
ties and it is not readily available for use. Like 
rigid bronchoscopy, this modality is not used 
within the ICU setting so discussion will  be      lim-
ited in this chapter. 

 Flexible  bronchoscopy   is the most common 
type of bronchoscopy and was fi rst introduced 
for clinical use in 1968  as   described by Sackner 
in 1975 [ 3 ]. Since its introduction, fl exible 
bronchoscopy has innovated the management 
of a wide variety of respiratory conditions. 
Flexible bronchoscopy is generally performed 
with  conscious sedation   and is used to visual-
ize the trachea, proximal airways, and segmen-
tal airways. A fl exible bronchoscope contains 
cables that allow the tip of the scope to be 
fl exed and extended, as well as a light source of 
working channel [ 4 ]. Flexible bronchoscopy is 
associated with fewer complications [ 5 ], is 
more comfortable [ 6 ], and exposes a greater 
proportion of the tracheobronchial tree to 
direct visualization than rigid bronchoscopy 
[ 7 ]. Because fl exible  bronchoscopy is   the most 
likely form of bronchoscopy to be used in the 
 ICU setting  , it will be the primary focus of 
this chapter.  

10.3         Indications for Bronchoscopy 

10.3.1          Diagnostic Indications   
for Flexible Bronchoscopy 

 Some of the most common indications for diag-
nostic fl exible bronchoscopy in the ICU are sus-
pected airway obstruction, persistent atelectasis, 
and persistent infi ltrate, as shown in Table  10.1 . 
In patients with physical exam fi ndings consis-
tent with airway obstruction such as focal 
wheezing, abnormal pulmonary function tests, 
or abnormal radiologic fi ndings, fl exible bron-
choscopy can be used to confi rm an airway 
obstruction and identify the cause. In patients 
with persistent atelectasis, fl exible bronchos-
copy can be used to identify obstructing objects 
such as mucous plugs or foreign bodies. In 
patients that are unable to produce a sputum 
specimen for microbiological analysis, fl exible 
bronchoscopy may be used to obtain a sample 
using  bronchoalveolar    lavage      [ 8 ].

   Additional indications for fl exible diagnostic 
bronchoscopy in the ICU include  hemoptysis  , 
 acute inhalation injury  , or  blunt chest trauma  . 
 Hemoptysis   is a diagnostic indication for fl exible 
bronchoscopy because it can identify or localize 
the source of bleeding.  Acute inhalation injury   is 
also a diagnostic indication for fl exible bronchos-
copy because it allows the provider to assess for 
carbonaceous debris, mucosal pallor, mucous 
ulceration, and mucosal erythema [ 9 ].    Blunt 
chest trauma is a diagnostic indication for fl exi-
ble bronchoscopy because it assesses for possible 
lacerations of the airway, especially in the setting 

   Table 10.1    Bronchoscopy cart   
 Indications for 
diagnostic bronchoscopy 
in the ICU 

 Indications for therapeutic 
bronchoscopy in the ICU 

 Suspected airway 
 obstruction      

 Atelectasis 

 Persistent atelectasis  Mucous accumulation 

 Persistent infi ltrate  Foreign body 

 Hemoptysis  Endotracheal tube 
management 

 Acute inhalation injury 

 Blunt chest trauma 
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of pneumomediastinum and pneumothorax after 
trauma; furthermore, this allows the provider to 
visualize injuries to the membranous portion of 
the distal trachea or proximal mainstem bronchi 
and determine the severity of the  injury   [ 10 ].  

10.3.2      Therapeutic Indications   
for Flexible Bronchoscopy 

 The most common therapeutic indications for 
fl exible bronchoscopy in the ICU are  atelectasis  , 
 mucous accumulation  , foreign bodies, and  endo-
tracheal tube management  .  Mucous accumula-
tion   indicates therapeutic bronchoscopy for 
suctioning mucous through the working channel 
of the bronchoscope when it is severe enough to 
interfere with oxygenation/ventilation and results 
in severe atelectasis. Flexible bronchoscopy is 
indicated for removal of foreign bodies from the 
tracheobronchial tree using retrieval devices that 
can be passed through the working channel of the 
bronchoscope [ 11 ]. Another therapeutic indica-
tion for fl exible bronchoscopy in the ICU is for 
 endotracheal tube management   as the broncho-
scope can assist in insertion and confi rm proper 
positioning of the tube     [ 12 ].    

10.4        Relative  Contraindications   

 Bronchoscopy has the potential to cause  tachy-
cardia  ,  bronchospasm  , or  hypoxemia  . Therefore, 
bronchoscopy is  relatively  contraindicated in 
patients with active myocardial ischemia, decom-
pensated heart failure, life-threatening cardiac 
arrhythmias, asthma, or COPD exacerbation. 
There is also a risk of bleeding associated with 
bronchoscopy but this is most likely with brush-
ing, biopsy, or needle aspiration, which are less 
likely to be performed by providers in the 
ICU. Additional relative contraindications to be 
considered are patients with unstable cervical 
spine injuries and limited motion of the  temporo-
mandibular joint  . Manipulation of the cervical 
spine for optimal visualization during bronchos-
copy in patients with cervical spine injuries can 
result in spinal cord injury with any degree of 

extension [ 13 ]. Limited motion of the  temporo-
mandibular joint   may result in diffi culty with 
optimal positioning and visualization. Elevated 
intracranial pressure is a relative contraindication 
for bronchoscopy due to its potential to lead to 
intracranial hypertension and cause secondary 
brain injury due to localized cerebral ischemia 
and in some cases  herniation      [ 14 ].  

10.5      Preparation for  Procedure   

 In preparation for bronchoscopy, the provider 
must fi rst consider the airway for the patient in 
regard to the optimal mode of entry of the bron-
choscope. The provider must then consider the 
equipment necessary to successfully perform the 
procedure. We will focus our discussion on fl ex-
ible bronchoscopy since this is the most widely 
used in the ICU setting. The necessary equipment 
for fl exible bronchoscopy is commonly stored on 
a “bronchoscopy  cart  ,” as seen in Fig.  10.1 , for 
quick and easy retrieval of all bronchoscopy tools 
in a timely manner. Other preparations must be 

  Fig. 10.1    Bronchoscopy  cart         
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made, such as necessary monitoring with appro-
priate personnel and decisions for appropriate 
sedation and analgesia.

10.5.1        Airway      

 When performing either therapeutic or diagnos-
tic bronchoscopy, the fi rst consideration the 
provider must make is regarding the airway of 
the patient. When performing bronchoscopy on 
the non-intubated patient, a trans-oral approach 
may be taken with a bite block or a trans-nasal 
approach may be taken as an alternative. For 
intubated patients, the size of the endotracheal 
tube is an important consideration as the endo-
tracheal tube should be at least 2 mm larger 
than the outer diameter of the bronchoscope in 
order to ensure adequate minute volume and to 
minimize  barotrauma   [ 15 ].  

10.5.2      Personnel   

 The next consideration when performing bron-
choscopy is the necessary personnel for success-
ful completion of the procedure. In addition to 
the bronchoscopist, a nurse must be present for 
administration of pre-procedural medication to 

assist with pain control and relaxation that may 
consist of conscious sedation. A nurse must also 
be present for monitoring and recording of vital 
signs before, during, and after the procedure. It is 
also helpful for a technician, most often a respira-
tory therapist, to be present during a bronchos-
copy for equipment setup, assistance during the 
procedure with collection of specimens, and 
cleaning the bronchoscope after the procedure. 
The resources and personnel available during 
bronchoscopy will be dependent on the standards 
set by individual institutions.     

10.5.3      Equipment   

 A fl exible bronchoscope is the most widely used 
instrument for bronchoscopy in the ICU setting. 
The fl exible bronchoscope contains three parts:  a 
  control handle as seen in Fig.  10.2  and a fl exible 
shaft and distal tip both seen  in   Fig.  10.3 . The 
control handle is the part of the bronchoscope that 
is held by the bronchoscopist and contains a level 
to fl ex and extent the distal tip of the scope. The 
control handle also contains a suction opening 
and an opening through which instruments can be 
inserted. The distal tip of the bronchoscope is the 
portion that enters the patient’s airway. It contains 
a camera and lighting component, as well as an 

  Fig. 10.2     Control handle          
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opening for instruments. Many fl exible broncho-
scopes contain a light source and image processor 
for fi ber-optic transmission to a video processor 
for presentation of images. An alternative to the 
video-equipped fl exible bronchoscope is a small 
portable fl exible bronchoscope in which the light 
source is located on the scope, and an eyepiece on 
the handle is used to visualize the airway directly 
without a video  monitor  .

10.5.4         Premedication and  Sedation      

 Topical lidocaine and nebulized lidocaine are two 
forms of topical anesthesia to consider for patient 
comfort when performing bronchoscopy. In the 
proper setting, sedation may also be considered 
for the comfort of the patient. A  short- acting ben-
zodiazepine   such as  midazolam   and/or an  opioid   
such as  fentanyl   are widely used agents for seda-
tion. Lastly, the use of low-dose propofol has been 
established as a safe and effective form of sedation 
in bronchoscopy [ 16 ]. Credentials and privileges 
for the provider must be considered regarding the 
administration of mild, moderate, and conscious 
sedation prior to administration of sedation.        

10.5.5     Other Supplies 

 It is helpful to consider  other   supplies that may be 
necessary when preparing for bronchoscopy so 
these items are readily available. A bite block is 

helpful when performing a bronchoscopy via the 
oral route in both intubated and non-intubated 
patients as patients’ teeth may damage the bron-
choscope in such a way that it may not be used 
until it’s repaired and may prove to be very costly. 
Normal saline should be readily available for fl ush-
ing, washing,  or     bronchoalveolar     lavage (BAL). A 
specimen trap is also necessary, especially if per-
forming BAL.  Airway adjuncts   such as bag valve 
mask, oral airways, nasal airways, and equipment 
for endotracheal intubation are essential, especially 
for non-intubated patients. Oral suction may also 
be a useful adjunct for managing a patient’s airway. 
Resuscitative medications should always be avail-
able in case of  hemodynamic instability  .     

10.5.6           Mechanical Ventilation 
and Oxygenation 

 During bronchoscopy, patients should be placed 
on 100 % fraction of inspired oxygen (FiO 2 ). 
Maintenance of  positive end expiratory pressure 
(PEEP)   should be considered to avoid alveolar 
derecruitment when performing bronchoscopy 
on intubated patients or patients with a tracheos-
tomy tube. An adapter to connect the endotra-
cheal tube or the tracheostomy appliance to a 
ventilator may be available to allow the fl exible 
bronchoscope to be passed through the artifi cial 
airway and maintain PEEP.          

10.6         Performing the Procedure 

10.6.1     Entering  the      Tracheobronchial 
Tree 

 The bronchoscopist must fi rst insert the fl exible 
scope nasally or orally through a bite block for the 
non-intubated patient, or through an endotracheal 
tube or tracheostomy tube for the mechanically 
ventilated patient. In the non-intubated patient, after 
visualization of the vocal cords and assessment for 
movement, 1–2 mL of 1 % or 2 % lidocaine should 
be sprayed onto the vocal cords to suppress the 
cough refl ex. If the patient is able to participate, the 
bronchoscopist should ask the patient to take a deep 

  Fig. 10.3     Flexible shaft and distal tip         
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breath so that the distal tip of the bronchoscope can 
be passed into the trachea between the vocal cords 
while the patient inspires. Additional lidocaine can 
be sprayed inside the trachea in order to avoid 
coughing, anxiety, and tachypnea.        

10.6.2        Airway Inspection 

 After passing the vocal cords, the bronchoscopist 
should examine the trachea, mainstem bronchi, 
and segmental bronchi. While initially examining 
the proximal airway, orientation must be estab-
lished within the airway noting the cartilaginous 
trachea (anterior) and the membranous trachea 
(posterior) in order to determine left and right 
mainstem bronchi. The bronchoscopist must next 
examine and evaluate the mucosa for size, stabil-
ity, and patency of the airway lumen. Assessment 
for mucous plugs, thick secretions, or foreign 
bodies within the airway is necessary in order to 
guide decision making for which further proce-
dures would be most therapeutic for the  patient  .  

10.6.3           Bronchoalveolar Lavage 

 BAL is the most common therapeutic procedure 
when performing bronchoscopy in the ICU. The 
bronchoscopist must fi rst attach a specimen trap 
to the suction port on the bronchoscope and 
advance the bronchoscope until it gently wedges 
in a second- or third-generation segmental air-
way that leads to the lesion or area of interest for 
the bronchoscopy. Next, 20–50 mL of sterile 
saline is instilled into the working channel, fol-
lowed by immediate application of suction to 
aspirate the saline. Only about half of the instilled 
saline will be recovered, and this sample can be 
sent for Gram stain and microbial culture for spe-
ciation in the case of suspected infection.        

10.6.4        Bronchial Washing 

  Bronchial washing   is a similar procedure  to   BAL 
but is less precise and does not focus on one spe-
cifi c airway segment. Furthermore, bronchial 

washing does not require the bronchoscope to be 
wedged and requires instillation of smaller vol-
ume of sterile saline (10–20 mL) to be instilled 
into the working channel. As  in   BAL, the saline 
is quickly aspirated into a specimen trap and can 
be sent for Gram stain and speciation. However, 
bronchial washing usually is contaminated by 
oral fl ora and not accurate for determining  dif-
ferential   cell count.  

10.6.5     Other Diagnostic Procedures 

     Bronchial brushing  ,  endobronchial biopsy  ,  trans-
bronchial biopsy  , and  needle aspiration   are diag-
nostic procedures that are usually performed by a 
thoracic surgeon or interventional pulmonolo-
gist. These procedures require certain privileges 
and are not likely to be performed routinely in the 
ICU and are beyond the scope of this chapter.  

10.6.6     Post-procedure Monitoring 
for Complications 

    The patient’s alertness and vital signs must be mon-
itored until the effects of sedation have resolved, 
which may vary greatly depending on the methods 
for analgesia and sedation. The patient must be 
closely monitored for fatal complications such as 
respiratory arrest from  hemorrhage and cardiac 
arrest from acute myocardial infarction. Some seri-
ous complications that must be considered are 
hypotension, bronchospasm, laryngospasm, pneu-
mothorax, epistaxis due to nasal approach, fever, 
pneumonia, and vasovagal reactions. Bronchoscopy 
carries an overall complication rate between 0.08 
and 1.08 % with pneumothorax rate of 0.16 %, 
hemorrhage rate of 0.12 %, and respiratory failure 
rate of 0.2 % [ 17 ]. Bronchoscopy mortality is 
extremely rare at a rate of 0.013 %, with this mor-
tality being associated with heart disease or severe 
airway obstruction [ 18 ]. One must obtain a chest 
X-ray (usually portable) after the bronchoscopy to 
evaluate for the presence of a pneumothorax and 
hemothorax and to ensure proper endotracheal tube 
or tracheostomy appliance position for the patient 
with an artifi cial airway.       
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10.7     Conclusion 

 Bronchoscopy is a well-established and relatively 
safe procedure used frequently in the intensive 
care unit by both physicians and advanced practi-
tioners. Bronchoscopy may be performed in intu-
bated and non-intubated patients for diagnostic 
and/or therapeutic purposes. One must ensure 
safety, proper credentialing, and available person-
nel and monitoring when considering the appro-
priate analgesia and sedation for the procedure. 
While considered safe, one must ensure safety 
before, during, and after bronchoscopy to mini-
mize morbidity and mortality and optimize the 
results of the procedure.     

   References 

     1.    Zollner F. Gustav Killian, father of bronchoscopy. 
Arch Otolaryngol. 1965;82(6):656–9.  

    2.    Bolliger CT, Mathur PN, Beamis JF, Becker HD, 
Cavaliere S, Colt H, et al. ERS/ATS statement on 
interventional pulmonology. European Respiratory 
Society/American Thoracic Society. Eur Respir 
J. 2002;19(2):356–73.  

     3.    Sackner MA. Bronchofi berscopy. Am Rev Respir Dis. 
1975;111(1):62–88.  

    4.    Feinsilver SH, Fein A. Textbook of bronchoscopy. 
Baltimore, MD: Williams & Wilkins; 1995.  

    5.    Pereira Jr W, Kovnat DM, Snider GL. A prospective 
cooperative study of complications following fl exible 
fi beroptic bronchoscopy. Chest. 1978;73(6):813–6.  

    6.    Rath GS, Schaff JT, Snider GL. Flexible fi beroptic 
bronchoscopy. Techniques and review of 100 bronchos-
copies. Chest. 1973;63(5):689–93.  

    7.    Kovnat DM, Rath GS, Anderson WM, Snider 
G. Maximal extent of visualization of bronchial tree 
by fl exible fi beroptic bronchoscopy. Am Rev Respir 
Dis. 1974;110(1):88–90.  

    8.    van der Eerden MM, Vlaspolder F, de Graaff CS, Groot 
T, Jansen HM, Boersma WG. Value of intensive diag-
nostic microbiological investigation in low- and high-
risk patients with community-acquired pneumonia. Eur 
J Clin Microbiol Infect Dis. 2005;24(4):241–9.  

    9.    American Burn Association. Inhalation injury: diag-
nosis. J Am Coll Surg. 2003;196(2):307–12.  

    10.    Chu CP, Chen PP. Tracheobronchial injury secondary 
to blunt chest trauma: diagnosis and management. 
Anaesth Intensive Care. 2002;30(2):145–52.  

    11.    Limper AH, Prakash UB. Tracheobronchial foreign bod-
ies in adults. Ann Intern Med. 1990;112(8):604–9.  

    12.    Dellinger RP. Fiberoptic bronchoscopy in adult air-
way management. Crit Care Med. 1990;18(8):882–7.  

    13.    Hagberg C, Georgi R, Krier C. Complications of man-
aging the airway. Best Pract Res Clin Anaesthesiol. 
2005;19(4):641–59.  

    14.    Kerwin AJ, Croce MA, Timmons SD, Maxwell RA, 
Malhotra AK, Fabian TC. Effects of fi beroptic bron-
choscopy on intracranial pressure in patients with 
brain injury: a prospective clinical study. J Trauma. 
2000;48(5):878–82. discussion 882–3.  

    15.    Tai DY. Bronchoscopy in the intensive care unit 
(ICU). Ann Acad Med Singapore. 1998;27(4):552–9.  

    16.    Grendelmeier P, Tamm M, Pfl imlin E, Stolz D. Propofol 
sedation for fl exible bronchoscopy: a randomised, non-
inferiority trial. Eur Respir J. 2014;43(2):591–601.  

    17.    Pue CA, Pacht ER. Complications of fi beroptic bronchos-
copy at a university hospital. Chest. 1995;107(2):430–2.  

    18.    Jin F, Mu D, Chu D, Fu E, Xie Y, Liu T. Severe complica-
tions of bronchoscopy. Respiration. 2008;76(4):429–33.      

10 Diagnostic and Therapeutic Bronchoscopy



   Part III 

   Vascular Access Procedures        



91© Springer International Publishing Switzerland 2016 
D.A. Taylor et al. (eds.), Interventional Critical Care, DOI 10.1007/978-3-319-25286-5_11

      Arterial Access/Monitoring (Line 
Placement)                     

     Sue     M.     Nyberg      ,     Daniel     J.     Bequillard     , 
and     Donald     G.     Vasquez    

  11

11.1           Introduction 

  Cannulation   of an artery for the purpose of moni-
toring a  patient’s    hemodynamic status   is a com-
mon procedure in the critical care environment 
[ 1 – 4 ].  Descriptions   of arterial cannulation 
appeared in the literature in the late 1940s through 
the early 1960s when Barr fi rst described the use 
of an indwelling Tefl on catheter in the radial 
artery to continuously  measure blood pressure   
[ 5 – 7 ]. Continuous  measurement   of  blood pres-
sure   through an arterial line is considered to be 
the most accurate measurement of systemic blood 
pressure and is the most common form of inva-
sive monitoring [ 1 ,  4 ]. In addition to monitoring 
of blood pressure, the arterial line may also be 
used for  phlebotomy   when frequent laboratory 
studies are needed, reducing the need for repeated 
peripheral blood draws. Advanced practice clini-
cians working in the ICU commonly perform 
arterial cannulation [ 8 ] and therefore should have 
knowledge of indications and contraindications, 
relevant anatomy, technique, and potential com-
plications from the procedure [ 1 ,  9 ].  

11.2     Indications 

 Insertion of an indwelling line into an artery is 
indicated in the following situations:

•    Need for continuous  monitoring   of blood pres-
sure in a patient with hypotension/   hemodynamic 
 instability  .  

•   Patient receiving vasoactive medications.  
•   Inability to accurately monitor blood pressure 

by noninvasive technique (e.g., morbidly 
obese patient or patient with severe burns or 
trauma to the extremities).  

•   Patient requiring frequent arterial blood gases 
or venous blood  samples      (e.g., patient in respi-
ratory failure, on mechanical ventilation or 
with a severe acid/base disturbance).  

•   To measure mean arterial pressure ( MAP  )    
when targeting a specifi c level is indicated 
(e.g., to maintain cerebral perfusion pressure 
following head injury) [ 9 – 12 ].    

11.2.1        Site Selection 

 There are several arterial sites that may be used in 
the adult patient, including the radial, femoral, 
axillary, brachial, and dorsalis pedis [ 3 ]. The 
radial artery is most commonly used because of 
its proximity to the skin surface, ease of access, 
and low rate of  complications         [ 10 ,  13 – 15 ]. 
Measurement of  mean arterial    blood pressure   in 

        S.  M.   Nyberg ,  MHS, PA-C      (*) •    D.  J.   Bequillard , 
 MPAS, PA-C    •    D.  G.   Vasquez ,  DO, MPH    
  Department of Physician Assistant ,  Wichita State 
University ,   Wichita ,  KS ,  USA   
 e-mail: Sue.Nyberg@wichita.edu  

mailto:Sue.Nyberg@wichita.edu


92

radial or femoral arteries is clinically inter-
changeable. However, in severely hypotensive 
patients or during cardiopulmonary resuscitation, 
the femoral artery is usually the most readily pal-
pable and accessible for successful cannulation 
[ 10 ]. There are no clinically signifi cant differ-
ences in measurement of blood pressure between 
the radial and femoral artery, and it is not manda-
tory to cannulate the femoral artery, even in criti-
cally ill patients receiving high doses of 
vasoactive drugs [ 2 ]. 

 Long-standing practice protocols have recom-
mended that a patient undergoing radial or dorsa-
lis pedis  artery   cannulation should have collateral 
fl ow to extremity assessed by physical examina-
tion (e.g., Allen’s test), Doppler ultrasound, or 
pulse oximetry (modifi ed Allen’s test) [ 13 ] prior 
to procedure to identify potential increased risk 
for ischemic complication in the extremity [ 16 ]. 
However, several research studies conclude that 
the  Allen’s test   was not useful in predicting the 
rare ischemic event following  radial artery    can-
nulation   [ 4 ,  17 ,  18 ].  

11.2.2     Anatomic Considerations 

•           Radial artery
 –    The radial artery can be palpated just 

medial to the radial styloid and approxi-
mately 1–2 cm proximal to the fl exor 
crease of the wrist. The puncture site 
should be approx. 1 cm proximal to the sty-
loid process so as to keep from puncturing 
the transverse carpal ligament [ 12 ].  

 –   Collateral circulation to the hand is pro-
vided by the ulnar artery  and   palmar 
 arch   [ 3 ].     

•      Femoral
 –       The femoral artery originates from the 

external iliac artery at the inguinal liga-
ment. It passes under the ligament at 
approximately the midpoint between the 
anterior superior iliac spine and the pubis. 
It lies between the femoral nerve (laterally) 

and the femoral vein and lymphatics 
(medially) [ 3 ,  12 ].  

 –   The larger vessel diameter allows for 
greater longevity of the catheter compared 
to the radial artery [ 3 ].  

 –   To minimize risk for bleeding into the pel-
vis, the femoral artery should be accessed 
approximately 2.5 cm below the  inguinal 
   ligament   [ 12 ].     

•       Dorsalis pedis  
 –    Although the dorsalis pedis is also rela-

tively superfi cial, it may be absent (typi-
cally bilaterally) in up to 12 % of the 
 population   [ 10 ].     

•      Brachial  
•   The  brachial artery   can be palpated at the 

medial border of the antecubital fossa and is 
typically accessed above the antecubital 
crease. This artery is rarely used because of 
the lack of extensive collateral circulation [ 3 ]. 
Reported complications include ischemic 
occlusion and median nerve  injury   [ 3 ,  19 ].      

11.3     Contraindications 

      Absolute contraindications ( extremity   cannu-
lation): [ 1 ,  10 ,  12 ] 
•   Absent pulse  
•   Ischemic extremity  
•   Raynaud’s syndrome  
•   Thromboangiitis obliterans (Buerger’s disease)  
•   Preexisting inadequate collateral blood fl ow 

distally to the extremity  
•   Full-thickness burns over the cannulation  site     

     Relative contraindications: [ 1 ,  10 ,  12 ,  20 ] 
•   Anticoagulant therapy  
•   Severe atherosclerosis  
•   Bleeding disorder  
•   Severe dermatitis or infection at the cannula-

tion site  
•   Partial-thickness burn at the cannulation site  
•   Previous surgery in the area  
•   Synthetic vascular  graft       
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11.4     Preparation 

 Insertion of an arterial line is commonly per-
formed at the patient’s bedside. After obtaining 
appropriate informed consent, all supplies should 
be gathered. The APC should ensure that appro-
priate informed consent is obtained from the 
patient/family. Prior to the procedure, a “time- 
out” assures correct patient identifi cation and site 
selection. Full universal precautions with mask, 
hat,    sterile gown, and gloves should be imple-
mented by the operator, as this procedure involves 
potential exposure to blood (Fig.  11.1 ).

      Equipment 
•   Sterile towels or drape  
•   1 % lidocaine without epinephrine  
•   Sterile 5 cc syringe with 23 gauge needle  
•   Gauze pads  
•   Arm board  
•   Tape  
•   Chlorhexidine or povidone-iodine skin prepa-

ration solution  
•   Integrated arterial line kits (femoral or radial)  

•   Number 11 blade scalpel  
•   Nonabsorbable suture (3–0 or 4–0)  
•   Needle holder, scissors  
•   Occlusive dressing  
•   Chlorhexidine gluconate  dressing   (e.g., 

Biopatch©)   

     Nursing supplies 
•   Three-way stopcock  
•   Pressure transducer kit  
•   Pressure tubing     

11.5     Procedure 

 There are three ways to obtain arterial cannula-
tion:  Seldinger technique         [ 21 ],  modifi ed 
Seldinger technique   using  integrated kits      
(Fig.  11.2 ), and direct puncture cannulation, e.g., 
with an intravenous catheter [ 16 ]. For the pur-
poses of this chapter, only the  modifi ed Seldinger 
technique   will be described.

   There is evidence that ultrasound guidance, if 
available, improves rate of successful cannula-

  Fig. 11.1     Equipment   for arterial access       
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tion at fi rst attempt [ 22 ], especially if the patient 
is in shock, receiving vasoconstrictive medica-
tions, or morbidly obese. 

11.5.1        Radial Artery 

 For the radial site, the patient is usually supine or 
semi- recumbent  . The wrist is positioned in slight 
dorsifl exion, with the palm up. The hand can be 
taped to a fl at surface, such as an armboard or a 
bedside table. A small towel may help in  the 
  extension of the wrist (Fig.  11.3 ). Preparation of 
the arm should cover the entire ventral aspect of 
the forearm, as the cannulation can occur wher-
ever the pulse is best felt along the course of the 
radial artery, but usually occurs just proximal to 
the radial styloid process at the wrist. The area is 
draped widely with towels, as the devices can be 
unwieldy due to their length, and contact with 
non-sterile surfaces is to be avoided.

         Local infi ltration with lidocaine is carried out 
by injecting a small weal at the anticipated punc-
ture site. A small nick with the number 11 scalpel 
may facilitate passing of the needle. The operator 
should assume a position that allows the non-
dominant hand to palpate the pulse proximally 
and the dominant hand holding the integrated 
arterial catheterization device pointing proxi-
mally, at about a 30–45° angle to the surface of 
the  forearm   (Fig.  11.4 ).

      The pulse is palpated gently by the nondomi-
nant hand so as to prevent occlusion of the target 
site. The needle is advance until pulsatile blood 
return is seen to readily enter the device. The 

 nondominant hand   then steadies the device, as it 
is important to maintain the needle tip inside the 
artery lumen. The wire is advanced into the artery 
lumen. Little to no resistance should be felt 
throughout the course of the wire advancing. 
Once the wire is in place, the catheter is advanced 
over the wire, and the needle and wire are 
removed together.  Pulsatile fl ow   should be seen 
from the catheter at this point, which is attached 
to the pressurized system for fl ushing and moni-
toring. Suturing of the catheter hub to the skin 
can now occur and ideally should be done with 
the local anesthetic previously injected. 
Following placement of a  chlorhexidine gluco-
nate dressing   (e.g., Biopatch©) and locally  occlu-
sive dressing   (Fig.  11.5 ),    additional  gauze 
dressing   may be applied around the wrist and 
forearm to reduce likelihood of accidental 
 dislodgement.    Assess for continuing adequate 
distal circulation and document that the hand 
remains pink and warm (Fig.  11.6 ).   

11.5.2            Femoral Artery 

 The approach to the femoral artery by necessity 
involves a supine patient with the selected leg in 
slight adduction and external rotation. The area 
prepared should be well above the inguinal fold, 
down to mid-thigh, and from the medial to the 
lateral aspects of the thigh and is similarly draped 
with towels. 

     Ultrasound guidance   is particular useful 
in locating the femoral vessels. The acronym 
“NAVL” reminds the operator of the order of 

  Fig. 11.2        Integrated 
arterial access kit         
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  Fig. 11.3       Use of a 
towel roll for wrist 
 extension         

  Fig. 11.4       Operator 
positioning for arterial 
 access         

arrangement of the femoral neurovascular bundle 
from lateral to medial (nerve, artery, vein, lym-
phatics). The nondominant hand palpates the 
pulse at or just below the inguinal crease, and the 
dominant hand guides the integrated device over 
the pulse, to a point approximately one to two fi n-
gerbreadths below the inguinal fold, advancing 
the needle at about a 45–60°  angle   (Fig.  11.7 ). A 
skin nick with the number 11 blade facilitates 
passage of the 18-ga needle-catheter-integrated 
device. Once blood return is obtained, insertion 
of the catheter proceeds similar to the radial 

approach, as do the securing and dressing of the 
 catheter   (Fig.  11.8 ). An additional suture may be 
placed at the other side of the hub of the pressure 
tubing to prevent “kinking” of the line with 
patient movement.   

11.6          Complications 

 The decision to place an arterial line for patient 
monitoring should always be made considering 
the risk/benefi t ratio for each patient. In the criti-
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  Fig. 11.5        Dressings   for 
arterial cannulation       

  Fig. 11.6        Assessment 
of peripheral circulation   
following arterial line 
placement       

cally ill patient, the need for accurate and timely 
information about respiratory  and   hemodynamic 
status may outweigh the risks based on relative 
contraindications. As with all invasive proce-
dures, accurate monitoring of patient status and 
response is vital. A higher rate of ischemic com-
plications has been documented in patients with 
preexisting vascular disease such as  Raynaud’s 

syndrome      or  Buerger’s disease     , thus the reason 
for listing these conditions as absolute contrain-
dications [ 1 ,  16 ]. 

 According to Scheer et al., the incidence rate for 
major complication ( sepsis  ,  pseudoaneurysm  , or 
 permanent ischemia  ) from cannulation of the 
radial, femoral, or axillary artery is low, occurring 
in less than 1 % of cases [ 14 ]. Although this clinical 
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review indicates that arterial cannulation is gener-
ally a safe procedure, the APC should be aware of 
the potential complications that can occur.

     Common Complications 
•    Temporary arterial occlusion   
•    Hematoma     

    The most common complications following 
 radial artery   cannulation include  temporary  
occlusion of the artery (19.7 %) and hematoma 
(14.4 %). For the femoral artery, the most com-
mon complication is hematoma (6 %) followed 
by bleeding and temporary occlusion (both less 
than 2 %). Local site infections and sepsis have 
been reported but the incidence is generally low, 
and higher incidence is reported with prolonged 
use (generally beyond 4 days) [ 14 ]. A large study 
of patients in intensive care found no signifi cant 
difference in infection rates between femoral and 
radial artery  catheters   [ 18 ].

     Rare (<2 %) Complications: [ 1 ,  10 ,  12 ,  14 ] 
•    Aneurysm or pseudoaneurysm (pulsatile mass)   
•    Arterial thrombosis (risk increases with longer 

duration of use and smaller diameter of artery)   
•    Cerebral air embolization (due to manual 

fl ushing)   

  Fig. 11.7        Placement 
technique   for femoral 
arterial access with 
arterial landmark ( red ) 
and venous landmark 
( blue ) noted       

  Fig. 11.8        Securing and dressing   of the femoral arterial line       
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•    Signifi cant blood loss (port valve is left open 
or tubing is disconnected)   

•    Nerve injury   
•    Permanent ischemic damage   
•    Artery dissection     

 In summary, a large body of research suggests 
that arterial cannulation is a safe procedure with 
a very low incidence of complication.     

11.7     Conclusions 

 Insertion of an arterial line for accurate monitor-
ing of  systemic   blood pressure and to allow for 
frequent blood sampling is a common procedure 
in the intensive care unit with few complications 
when the patient is appropriately selected. 
Cannulation of the radial and femoral arteries is 
the most common; cannulation of the brachial or 
axillary artery is rare and would typically only be 
performed by anesthesia providers in the operat-
ing suite.     
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12.1           Overview 

 Central venous catheter (CVC) placement is the 
most commonly performed procedure in the  ICU   
with over 5 million CVC lines being placed each 
year in the USA alone. CVC lines fi rst began 
utilization in early 1966 [ 1 ]. Their  use and imple-
mentation   are ubiquitous in the ICU, and routine 
placement has become a part of many care bundles, 
including early goal-directed therapy (EGDT) for 
 sepsis  . Moreover, CVC lines have become an 
integral part in the management of the critically 
ill, with CVP monitoring being a signifi cant factor 
for placement [ 2 ]. They are required for a number 
of vasopressors, inotropic agents, antibiotics, and 
medications which may pose a risk of extravasa-
tion. The fi rst reported use of ultrasound (US) 
 technology   to aid in the cannulation was in 1984. 
Although initially there was a lack of adoption of 
this vital technology, a recent survey among resi-
dent physicians has found a utilization rate of 
90 % in the internal jugular site with US guidance 
becoming the  sine qua non  for CVC placement 
[ 3 ,  4 ]. Prior to the widespread adoption of US 
technology, clinicians had a signifi cant failure rate 
using traditional anatomic landmarks with some 

authors citing a failure rate of 19.4 % [ 5 ]. Lastly, 
even in highly experienced operators, reliance on 
traditional landmark techniques may result in a 
sixfold increase in complication rate when more 
than three attempts are made at vascular access in 
a given site (Subclavian, Internal Jugular) [ 6 ].  

12.2     Review of Ultrasound 
Technology 

 Traditional ultrasound techniques include the use 
of a  linear array probe and B-mode   (brightness 
mode) ultrasound. This is in contrast to other 
types of probes (phased array) and modes (M or 
motion  mode  ) used for indications other than 
CVC placement. The ultrasound machine utilizes 
a  piezoelectric effect      to utilize energy along the 
ultrasound crystal array to create an image of the 
anatomic structure of interest. Typically frequen-
cies for procedural use operate in the range of 
2–15 MHz. Variables that may be controlled 
include the depth and gain to create a clearer 
image for CVC placement. Additionally, the 
views utilized may consist of short axis views, 
long axis views, or a combination (biplanar) 
 approach      [ 7 ]. There has been some debate over the 
superiority of the short axis approach as opposed 
to the long axis approach for vessel cannulation. 
However, a prospective randomized study 
showed that success rates in the short axis group, 
while higher, were not statistically signifi cant [ 8 ]. 
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Although there is less of a difference in  short axis 
vs. long axis techniques  , success rates for US  vs. 
traditional landmark techniques   are drastically 
different with one author citing success rates of 
93.9 % with US in comparison to 78.5 % using 
landmarks alone. Further techniques to provide 
for a more optimal US image of the needle 
include placing the bevel side down so as to be in 
the plane of the US transducer and the use of 
commercially available echogenic needle tips. 
Lastly, commercial needle guides may be avail-
able for utilization to facilitate optimal needle 
placement with an incidence angle of 30–45°.  

12.3     Indications 

 Owing to its ubiquitous use in the critical care 
environment, there are a multitude of indications 
for the placement of a CVC catheter [ 9 ]. 
 Hemodynamic monitoring   is one of the most fre-
quent reasons. Interestingly, some complications 
in  SC   CVC placement may actually be lower 
than PICC catheters. One study found that rates 
of thrombophlebitis were lower in SC CVC 
catheters when the reason for placement was 
TPN administration [ 10 ]. Common  indications 
for   CVC placement are outlined as follows in 
Table  12.1 :

12.4         Contraindications   

 Common contraindications for CVC placement 
are outlined as follows in Table  12.2 :

12.5            Anatomic Locations 
for Catheterization 
and Procedure Without US 
Guidance 

 Typical anatomic locations for CVC placement 
include  the   internal jugular vein,    subclavian vein, 
and  femoral vein  . Although other sites may be 
utilized for the placement of  peripherally inserted 
central catheters (PICCs)  , their discussion is 
outside of the purview of this chapter and is dis-
cussed elsewhere. 

  Internal Jugular  Site          The internal jugular vein 
may be found beneath the digastric belly of the 
 sternocleidomastoid muscle  . The classic land-
marks which delineate the borders of the carotid 
triangle include the sternocleidomastoid, trape-
zius, and the clavicle inferiorly. Traditionally, in 
a nonultrasound approach of the right internal 
jugular vein, the clinician may palpate the carotid 
pulse medially with their nondominant hand and 
insert a smaller fi nder needle laterally and aim at 
a 45° needle, inserting it in the direction of the 
 ipsilateral nipple  . It is important to initially start 
higher on the neck for a number of reasons. First, 
the internal jugular vein courses from a lateral 
position to the carotid to more of an anterior rela-
tionship to the vein as the internal jugular 
approaches the base of the neck. This relation-
ship predisposes to possible inadvertent cannula-
tion of the carotid artery or  hematoma   if  posterior 
wall puncture (PWP)   occurs. The avoidance of 
PWP is of tantamount importance in the place-
ment of large bore hemodialysis CVC catheters 
in this site, owing to the larger dilators that are 
employed [ 11 – 13 ]. Secondly, the risk of  pneu-
mothorax   increases as the insertion site moves 
further toward the base of the neck as the longer 
cannulation needle may actually penetrate the 
apex of the lung, which may be extended to the 

   Table 12.1       

 Intravenous fl uid  administration   

 Hemodynamic monitoring 

 Total parenteral nutrition 

 Drug or blood product administration 

 Hypertonic electrolyte administration 

 Insertion of temporary pacing wires 

 Swan-Ganz catheterization 

 Hemodialysis access 

 Aspiration of air  emboli   

   Table 12.2       

 Coagulopathy or TPA  administration   

 Obstructing clot in central vein 

 Preexisting indwelling port or chemotherapy catheter 

 Pacemaker or AICD 
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space above the clavicle. Relative advantages of 
the internal jugular vein for CVC placement 
include ease of access and readily visible land-
marks. Relative disadvantages for CVC place-
ment in this location include pooling of 
oropharyngeal secretions in intubated patients, 
diffi culty in placing an occlusive dressing, and 
potential for airway compromise in the event of 
carotid hematoma. Failure and complication 
rates for traditional placement techniques in 
experienced vs. inexperienced operators have 
been listed as 11.7 % and 17.6 %, respectively 
[ 14 ]. In an observational study conducted in the 
ED setting, US in the IJ site was still safer in 
inexperienced operators as opposed to the SC site 
with a failure rate of 10 %. In that same study, 
complication rates of hematomas and arterial 
punctures were listed as 7 % and 2 %, respec-
tively [ 15 ,  16 ]. Moreover, the use of ultrasound 
has been associated with a higher success rate 
(93.9 % vs. 78.5 %) and a reduced time for place-
ment when compared with the traditional land-
mark  technique      [ 17 – 19 ].  

  Subclavian  Site          The subclavian vein may be 
found beneath the clavicle at the transition point 
between the proximal and middle third at the 
clavicle at the midclavicular line. Of note, the cli-
nician may palpate this site and feel a fi rmness 
which signifi es the ligament of Halsted. The opti-
mal site of cannulation of the subclavian vein is 
laterally and inferiorly to this location on the 
clavicle (Fig.  12.1 ). After appropriate cleansing, 
anesthetic placement, and draping, the clinician 
may enter the skin with the needle at a thirty 
degree angle. With the nonneedle hand, once the 
needle is in the skin, the clinician then provides 
gentle downward pressure over the needle with 
their thumb and slowly advances toward the ster-
nal notch and the contralateral shoulder. Gentle 
aspiration is performed until a venous fl ash 
occurs. In the event that the clinician directs the 
needle more caudally, they may encounter a 
bright red arterial fl ash. Additionally, great care 
should be taken as the risk of  pneumothorax   is 
signifi cantly higher in this anatomic site. Loss of 
negative pressure on the syringe may signify 

entry into the pleural space and subsequent pneu-
mothorax. For patients who are intubated, clini-
cal signs of tension pneumothorax include an 
increase in peak inspiratory pressures, loss of 
tidal volumes, or an increase in respiratory rate. 
Physical examination may reveal jugular venous 
distention or loss of breath sounds. As with  the 
  internal jugular site, failure and complication 
rates for traditional placement techniques in 
experienced vs. inexperienced operators with the 
subclavian site have been listed as 7.5 % and 
15 %, respectively [ 20 ]. A more detailed study of 
the subclavian site showed a  pneumothorax   rate 
of 2.5 % and an overall complication rate of 
5.5 % [ 21 ]. Complications listed included tip 
misplacement, arterial puncture, inability to 
locate the vessel, and hemothorax. Interestingly, 
US guidance using either SA or LA approaches in 
the SC site has failed to show any meaningful 
reduction in complication  rates      [ 22 ,  23 ].

     Femoral Site     The  femoral vein      may be located 
medial to the femoral artery and below the ingui-
nal ligament. Traditionally the clinician thor-
oughly cleanses the groin, drapes the patient, and 
anesthetizes the soft tissue. Palpating the femoral 

  Fig. 12.1    Anatomic  landmarks       for      IJ/SCV. Note position 
of clavicle/IJ points. Courtesy of the author with thanks to 
Saurab Joshi, MD for vessel cannulation and procedural 
expertise       
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pulse, the clinician inserts the needle and syringe 
medially, in contradistinction to  the   internal jug-
ular vein which is lateral to the pulse. Of note, it 
is important to cannulate the vessel below the 
inguinal crease, as placement above the crease 
may cause the needle to be inserted inadvertently 
into the peritoneum. Moreover, placement in an 
extreme medial position may cause for entry into 
the extralymphatic or lymphatic space. The fem-
oral site is traditionally a site of last resort, owing 
to the high likelihood of contamination, vis-à-vis 
the groin. Instances in which the femoral site is 
advantageous include patients who may be coag-
ulopathic. Although there have been few studies 
that specifi cally review the femoral vein as a pri-
mary cannulation site of choice, one study 
exploring US-guided cannulation in this site did 
show a signifi cantly reduced number of veni-
puncture attempts (2.3 vs. 5.0;  P  = 0.0057) and 
rate of complications (0 % vs. 20 %;  P  = 0.025) 
[ 7 ]. Recall  that   subclavian sites may be danger-
ous in this case as inadvertent puncture of the 
subclavian artery may lead to massive hemotho-
rax, owing to the non-compressibility of the sub-
clavian artery. Lastly, in the event that femoral 
cannulation is required, it is the personal experi-
ence of the author that these femoral central 
venous catheters remain in place for no more 
than 24 h, until a defi nitive CVC is placed in an 
alternate location. Traditionally,    femoral vein 
CVC placement is a location of last resort .         

12.6     Implementation of US 
Guidance for CVC Placement 

 Ultrasound has found an expansion in utilization 
owing to its relatively inexpensive cost, lack of 
ionizing radiation, and excellent safety profi le. 
Moreover, in its procedural implementation, 
there is no need for contrast. Due to this wide-
spread adoption, many medical schools have 
begun implementing formal didactics and train-
ing throughout the 4-year allopathic educational 
model [ 24 ].  Web-based models   have found wide-
spread success in the adoption of US CVC guid-
ance techniques for physicians in training and 

have improved the base of knowledge for proce-
dural competence [ 25 ,  26 ]. Techniques that may 
be employed include either static or dynamic 
techniques.  Static techniques   are employed by 
operators that may not be facile in the use of 
probe or when a sterile probe cover is not avail-
able. By defi nition, static techniques rely on the 
operator using the probe to gain orientation to the 
structure of interest, marking the skin over the 
vein and placing the probe aside.  Static tech-
niques   are less optimal as the operator may still 
hit the artery or penetrate the posterior wall of the 
vein. In contrast,  dynamic techniques   are supe-
rior with regard to avoiding complications [ 27 ]. 
However, they may be more challenging for 
junior operators to master. In the dynamic tech-
nique, the operator maintains the probe in the 
fi eld at all times so that the needle may be visual-
ized in the area of interest throughout the dura-
tion of vessel cannulation. This provides for a 
safer procedure, as inadvertent puncture of the 
nearby artery or the posterior wall is avoided. 
   The author utilizes a technique where in right- 
sided IJ placement via US, the thenar aspect of 
the left hand is lightly steadied on the patient’s 
jaw. This enables the operator to maintain the 
probe in an optimal perpendicular plane. A good 
view will reveal the IJV to be circular, whereas 
an off-axis view will provide an oblong appear-
ing IJV. At this point, the operator should test  for 
  compressibility of the IJ. See Fig.  12.2  to the left.

   Utilizing the  dynamic technique   with a short 
axis view, the operator then slowly advances the 
needle at a 30–45° angle with the bevel down, 
looking for a “V” indentation on the anterior 
aspect of the IJV. The needle is advanced until a 
dark red venous fl ash is obtained. It should be 
cautioned to not advance if the fl ash is lost, as 
this may signify penetration of the posterior wall 
of the vessel.    See Fig.  12.3  for an image of the 
needle being introduced into the vein.

   This may occur even  in   dynamic US place-
ment as the angle of approach may take the nee-
dle out of the plane of the US transducer at the 
distal end of the vessel. Besides US, additional 
means of confi rming the needle in the vein 
include utilizing a sterile length of IV tubing to 
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transduce central venous pressure. In the case of 
arterial puncture, blood fl ow will not cease and 
will climb the entire length of tubing. In  venous 
puncture  , the blood fl ow may rise to a certain 
point and then cease. Signifi cant respiratory vari-
ation of venous fl ow in the transducer tubing may 
signify hypovolemia or  pneumothorax  . It should 
be noted that IJV CVC placement still carries a 
signifi cant risk of pneumothorax, particularly if 
the placement occurs on the lower third of the 
neck. A signifi cant review of the literature 
revealed a paucity of information on the use of 
US in the SC site. Traditionally, operators may 
switch to a  long axis (LA) view  . See Fig.  12.4 .

    However one prospective, randomized cross-
over trial failed to show an attendant increase in 
the success rate in US-guided SC CVC place-
ment [ 28 ]. This is likely due to a number of rea-
sons, among them being the fact that anatomically 
the SC vein courses beneath the clavicle.  

12.7        Complications 

 A number of factors may impact complication rates 
in the placement of CVC lines. In research con-
ducted at Johns Hopkins, it was noted that although 
operator experience of less than 25 CVC lines did 
not impact success rates, complication rates were 
higher in inexperienced operators [ 29 ]. In a compre-
hensive review, a number of risk factors have been 
elucidated, with some of the more prominent being 
inexperience, number of needle passes (sixfold 
increase in complication risk with > three needle 
passes), BMI > 30 or < 20, large catheter size (i.e., 
 hemodialysis access catheter  ), or prior operation 
and/or radiation exposure in the area of interest [ 6 , 
 30 ]. Rare complications may include guidewire 
fraying, retention, or perforation of the vena cava. 

  Fig. 12.2    Compressibility testing of  the      IJ  vein  . Courtesy 
of the author with thanks to Saurab Joshi, MD for vessel 
cannulation and procedural expertise       

  Fig. 12.3    Needle entering  the   internal jugular on SA 
view using  dynamic technique  . Courtesy of the author 
with thanks to Saurab Joshi, MD for vessel cannulation 
and procedural expertise       
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These complications, although rare, may require 
either median sternotomy or IR-guided retrieval of 
the retained wire [ 31 ]. Common complications for 
CVC  placement   are outlined as follows in Table  12.3 :

12.8            Process of CVC Insertion 

 The process of CVC insertion is best performed 
in a controlled environment. Clinicians are 
encouraged to use a pre-procedure checklist 
which facilitates safety and quality assurance. 
This provider’s direct experience has been to per-
form the procedure with a minimum of assistance 
from other providers, who may be encumbered 
with other patient care activities. 

     The process is as follows for ultrasound- 
assisted placement of a CVC in the  right   internal 
jugular vein:

    1.    Obtain informed consent and discuss the 
risks and benefi ts of the procedure, as well as 
any potential complications. Ensure that the 

consent has the correct date and time. Also, 
if a phone consent is obtained, clearly print 
the name and telephone number of the con-
senting party. Document the type of relation-
ship and have a witness verify and attest that 
you have thoroughly addressed the informed 
consent process.   

   2.    Verify two forms of identifi cation, typically 
patient name and date of birth. If the patient 
is intubated, verify with a second provider at 
the bedside. Also verify any allergies. 
Conduct a formal time-out process with the 
bedside nurse in attendance.   

   3.    Gather necessary equipment including a mask 
and cap for each person remaining in the room 
during the procedure. Also gather the CVC kit, 
a gown, two pairs of sterile gloves, a sterile 
dressing kit, and sterile fl ushes.   

   4.    Additionally, the ultrasound machine should 
be powered on, plugged in, have the correct 
vascular access probe connected, and should 
have correct settings entered for depth and 
gain. A sterile probe cover should be 
obtained. At this point, it is prudent to inform 
the patient of the fact that you may be resting 
your hand on their jaw and that a drape will 
cover their face during the procedure. The 
author simulates this motion with the patient 
so that they understand their optimal body 
positioning throughout the procedure. A 
baseline ultrasound view is obtained of  the 
  internal jugular vein.   

  Fig. 12.4    Needle entering the vein  on   LA view       

   Table 12.3       

  Pneumothorax   

 Hemothorax 

 Chylothorax 

 Hematoma 

 Puncture of carotid, femoral, or subclavian artery 

 Vessel injury, including damage to SVC or Aorta 

 Thoracic duct injury 

 CLABSI 

 Air embolism 

 Catheter fracture 

 Guidewire fracture 

 Retained catheter fragment 

 Retained  guidewire   
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   5.    The bed is then placed in Trendelenburg 
position. If the patient has respiratory dis-
tress, this step can be deferred until after the 
draping process to minimize time in this 
position.   

   6.    Using a skin marker, the operator marks 
their initials on the side of the body on which 
the CVC line will be placed.   

   7.    The operator should thoroughly wash their 
hands for 60 s.   

   8.    At this point the operator opens the sterile 
equipment and dons the gown, along with 
two pairs of sterile gloves. The author pro-
poses the cover glove system as it allows for 
more independent preparations. The outer 
gloves are typically one half size larger and 
may be shed after draping has taken place 
and after the ultrasound probe has been 
placed in the sterile probe cover.   

   9.    Using chlorhexidine or betadine, cleanse 
the area in widening concentric circles 
and allow the cleansed area to dry. After 
drying, cleanse a second time, this time 

with a scrubbing motion. Ensure that not 
only the neck, but the landmarks which 
encompass  the   subclavian site are cleansed 
and draped so that the SC site may be used 
as a secondary insertion point should IJ 
insertion fail.   

   10.    Drape the patient with a sterile sheet. Most 
commercially available kits contain a sterile 
drape with a clear area for patient visibility 
and a circular fenestration. Place this fenes-
tration over the IJ site, ensuring that you do 
not drag any contaminated patient care bed 
linens into the sterile fi eld which also encom-
passes the upper chest.   

   11.    If assistance is available, have your assistant 
hold the ultrasound probe above the opening 
for the sterile probe cover, and using gravity, 
have them gently lower the probe into the 
probe cover. If no assistant is available, the 
operator may perform this piece indepen-
dently and shed the outer cover glove after 
carefully placing the sterile probe cover/
probe assembly on the fi eld.   

  Fig. 12.5    IJ CVC placement 
utilizing dynamic technique       
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   12.    Draw up 5 cc of 1 % lidocaine and infi ltrate 
the soft tissues of the neck after gently aspi-
rating the syringe.   

   13.    At this point, organize the equipment on a 
sterile tray table in the order that it is used in 
the procedure. This ensures consistency of 
placement and assures an expeditious CVC 
placement. For junior operators, this assists 
them in acting as a type of prompt for the 
next step in the line placement process.   

   14.    Using the provided sterile fl ushes included 
in the CVC kit, fl ush out all air from any 
attached claves,  central line   ports, or tubing.   

   15.    Gently place the left hand with the probe 
perpendicular to the vessel in a short axis 
view. Steady the thenar aspect of the hand on 
the patient’s jaw. Ensure the view with the 
probe matches with the anatomic positioning 
of the vessels, with the carotid on the medial 
side and  the   internal jugular vein on the lat-
eral side. Gently compress the vessel and 
center the vein in the middle of the screen.   

   16.    With the bevel side down, position the right 
hand to bring the syringe into an acute angle. 
Maintain the needle into the plane of the 
ultrasound window. While steadily advanc-
ing the needle, look for a “V” indentation on 
the anterior wall of the vessel while continu-
ing to gently aspirate. Continue to keep the 
needle in view of the ultrasound window. If 
the needle bevel disappears, stop advancing 
with the right hand and slowly slide the left 
probe hand toward the base of the neck until 
the needle comes back into view. Once the 
needle is in the center of the vessel, continue 
to gently aspirate and drop the angle of the 
right hand to a shallower angle (approxi-
mately 30–45°).   

   17.    Gently detach the syringe. If a sterile length 
of IV tubing is available in the kit, transduce 
and check blood fl ow.   

   18.    Remove the tubing and introduce the guide-
wire. Monitor both length of guidewire and 
check for any dysrhythmias. Ensure that the 
guidewire is not put down at any time. 
Throughout the procedure, the operator may 
have to switch hands, but at no time should 
they put the wire down. Using ultrasound, 

verify the position of the guidewire in the 
vessel.   

   19.    With the needle still in place over the guide-
wire, gently nick the skin with the number 11 
blade, with the blade side up. It is important 
to nick the skin with the needle covering the 
guidewire so that the wire is not inadver-
tently frayed by the blade.   

   20.    Remove the needle and advance the vessel 
dilator via Seldinger technique. Verify the 
dilator via ultrasound.   

   21.    Remove the dilator and advance the catheter 
over the guidewire. Remove the guidewire 
and recover it into the guidewire sheath. This 
is in the event that the vessel needs to be 
recannulated for any reason. Additionally, 
the guidewire may potentially contaminate 
the fi eld if left out.   

   22.    Suture the catheter in position and fl ush all 
three ports with sterile saline.   

   23.    Place a sterile dressing and mark the date 
and time on the dressing. Verify the needle 
and sharp counts with the bedside nurse.   

   24.    Place an order for a postprocedure chest 
X-ray to verify the CVC line position.   

   25.    Provide the patient/bedside nurse with educa-
tion on CLABSI prevention. The CDC FAQ 
sheet may be found online at:   http://www.
cdc.gov/hai/pdfs/bsi/BSI_tagged.pdf     [ 35 ].   

   26.    Document the procedure note and document 
any medications given, number of attempts, 
complications, and results of postprocedure 
chest X-ray. Write an order allowing the 
nurse to use the CVC line and maintain a rel-
evant operator procedure log which docu-
ments site, side, number of attempts, and 
complications .     

12.9       Conclusions 

 CVC placement is a procedure which is con-
ducted ubiquitously in a variety of critical care 
settings. US guidance greatly increases the 
likelihood of operator success. That being said, 
complication rates in junior operators with less 
than 25 line placements may still be common. 
Operators with <25 prior insertions cause more 
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complications (25.2 % vs. 13.6 %,  P =  0.04), 
require the assistance of a senior operator more 
frequently, and have more completely failed 
attempts [ 32 ]. Best practices and good judgment 
should be utilized in the placement of CVC cath-
eters, and junior operators doing 25–50 line 
placements have higher success rates (90 % vs. 
75 %) when supervised by a more experienced 
operator, with a lower interim complication rate 
using US. Senior operators responsible for the 
training of individuals should utilize a number of 
strategies including web-based didactics, simula-
tion, physical supervision, and frequent review of 
procedural logs [ 24 – 26 ,  32 ]. Although success 
with US guidance may be site dependent and 
higher in the IJ position, the long axis view utiliz-
ing a dynamic technique has a reduced likelihood 
of PWP [ 23 ]. With experienced operators, in the 
event that no US machine is available, the subcla-
vian position may still be a safe alternative [ 22 ]. 
Although many studies have addressed the differ-
ence in complication rates among learners of 
various experience levels, some data with regard 
to physician assistants vs. physicians show that 
well-trained physician assistants have compara-
ble complication rates when conducting invasive 
procedures [ 33 ,  34 ].     
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13.1           Introduction 

 Pulmonary artery catheters (PACs) were intro-
duced in the 1970s as a means to monitor  hemo-
dynamics   of critically ill patients [ 9 ]. This 
 balloon-tipped catheter      is advanced by blood 
fl ow through the right atrium and right ventricle 
and terminates in the pulmonary artery; this tech-
nology offers clinicians real-time pressure mea-
surements from inside the right heart. 

 The use of PACs has been controversial since 
their inception and continues to be debated among 
intensivists today. Several  randomized controlled 
trials   have concluded that there is no outcome ben-
efi t in the use of PACs in high-risk surgical 
patients, congestive heart failure, acute lung injury, 
and sepsis [ 1 ,  2 ]. In the acute myocardial infarc-
tion cohort, evidence has shown an increased risk 
of mortality with the use of PACs [ 3 ]. 

 However, in specifi c patient populations, the 
 application   of PACs may prove benefi cial. The 
ATTEND trial suggested that patients with acute 
heart failure benefi ted from PAC use, especially 
if hypotensive or requiring inotropic support [ 4 ]. 

Furthermore, the use of PACs represents the 
 standard of care in patients with severe pulmo-
nary hypertension and those undergoing preop-
erative evaluation for liver transplantation [ 5 ,  6 ]. 

 Regardless of the controversy, practitioners 
must be fully aware of the indications and the 
prudent application in selected patient popula-
tions. Indeed, practitioners should consider the 
utility of less invasive monitoring technologies as 
alternatives where applicable. Additionally, they 
should be experts in interpretation of the data 
provided by PACs and be comfortable translating 
it to guide therapy.  

13.2       Indications   

 There is currently no evidence to suggest that the 
routine use of PACs results in improved patient 
outcomes [ 6 ]. Nevertheless, the effective use of 
PACs can provide a powerful tool to guide inter-
ventions in critically ill patients. In their recent 
review of the use of PACs, Gidwani et al. [ 6 ] rec-
ommended the following list of indications for 
PA catheterization in the critical care setting:

•    Patients undergoing liver transplantation 
work-up  

•   Patients with cardiogenic  shock   receiving sup-
portive therapy  

•   Patients with discordant right and left ventric-
ular failure  
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•   Patients with severe chronic heart failure 
requiring inotropic, vasopressor, and vasodila-
tor therapy  

•   Patients with potentially reversible systolic 
heart failure  

•   Patients being evaluated for pulmonary 
hypertension  

•   Patients who are being treated for precapillary 
and mixed types of pulmonary hypertension 
to assess their response to therapy    

 The PAC can be used for both  diagnostic and 
therapeutic purposes  . The clinician should evalu-
ate the goal of placement and the inherent risks to 
assess whether insertion benefi ts that particular 
patient. With the advent of alternative technolo-
gies in  hemodynamic monitoring      and evidence 
disputing the effi cacy of PACs, there has been 
decreased utilization across the United States  [ 7 ].  

13.3      Contraindications   

 The advanced clinical practitioner should weigh 
the risks and benefi ts prior to insertion of the 
PAC. There are no absolute contraindications for 
this procedure but there are several relative ones. 

 The fi rst relative contraindication is preexist-
ing  left bundle branch block (LBBB)  . An electro-
cardiogram should be obtained prior to the 
insertion of the PAC to rule out the presence of 
LBBB. The risk of insertion for a patient with a 
LBBB is that injury or interruption to the right 
bundle could result in complete heart block and 
asystole. In the event a PAC is absolutely neces-
sary in a patient with a LBBB, the practitioner 
should anticipate this complication and be pre-
pared for direct cardiac pacing. 

 The following is a summary of other relative 
contraindications for insertion:

•    Right-sided heart mass (thrombus or  tumor  )  
•   Presence of pacer or defi brillator  electrodes    
•   Severe coagulopathy or current systemic anti-

coagulation  therapy    
•   Tricuspid valve prosthetic or  stenosis    
•    Severe hypothermia          

13.4       Informed Consent   

 Prior to beginning the PAC insertion, the prac-
titioner must obtain informed consent from the 
patient or their designated surrogate decision 
maker. In order to properly obtain consent, the 
risks and benefits of the procedure must be 
described to the person signing the consent 
release. 

 Benefi ts to be discussed include accurate 
hemodynamic data derived from PAC in order to 
guide therapy. The presentation should explain 
that insertion will allow real-time information to 
the healthcare team to help direct medication and 
fl uid delivery to the patient. 

 Providers should discuss the indications as 
well as contraindications and recommendation to 
proceed with the use of PAC. Risks associated 
with the procedure itself as well as the use of the 
catheter after insertion should also be disclosed. 

 The most common complication during inser-
tion is  cardiac arrhythmias   including ectopies and 
tachycardias. They are usually short lived, but 
occur in 12.5–70 % of insertions; however, only 
about 3 % require  antiarrhythmic therapy   [ 2 ]. In 
addition, there is approximately a 0.5–1 % risk of 
 pneumothorax   and  hemothorax   during insertion. 

 Infection is always a risk of insertion of a for-
eign object into the human body. Infections can 
occur in the subcutaneous tissue at the insertion 
site, in the bloodstream, or in the heart tissue 
itself. Risks of bacteremia associated with PACs 
range from 1.3 to 2.3 % and endocarditis 2.2–
7.1 % [ 2 ]. Patients with prosthetic valves are at 
higher risk for endocarditis [ 2 ]. 

  Pulmonary artery rupture   is perhaps the most 
severe complication associated with PA catheter-
ization, although it is extremely rare with an 
 incidence of 0.03–0.20 % [ 2 ]. Risk factors for 
perforation include pulmonary hypertension, 
hypercoagulopathy, age of greater than 60, 
improper catheter positioning, and improper bal-
loon infl ation [ 2 ]. 

 As you prepare to complete the consenting 
process, it is important to acknowledge that there 
is always overall risk of death when undergoing 
invasive procedures to the person providing 
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 consent. In one study of critically ill patients, 4 % 
died from complications related to the PAC with 
an estimated 20–30 % with other major compli-
cations related to the catheter [ 8 ]. Clinicians 
should remind themselves that there is never a 
benign procedure.   

13.5      Preparation   

 Prior to beginning the procedure, it is important 
to gather all the necessary equipment as well as 
to inform the bedside registered nurse who can 
assist during the procedure with the equipment 
 setup   (Fig.  13.1 ). Most intensive care units are 
equipped with PAC kits that contain all the nec-
essary supplies needed for insertion; however, 
the provider may choose to obtain extra pressure 

tubing, saline fl ushes, sterile skin prep, and gauze 
sponges. The nurse will zero the monitor and add 
the patient-specifi c demographics prior to inser-
tion so that the information is calculated correctly 
for the patient.

13.6        Procedure 

 In order to reduce the risk of  bacteremia     , this pro-
cedure is performed using  sterile technique     . All 
persons in the room should be required to wear 
masks and a surgical cap during the insertion. 
The provider should wear sterile gloves, gown, 
mask, and a surgical cap. The patient’s insertion 
site should be prepped with chlorhexidine and 
draped with full-length drapes. 

  Fig. 13.1    Example 
of pulmonary artery 
 insertion kit         
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 If a  transducer   is not in place for the patient, 
then one must be placed using the  Seldinger tech-
nique     . The most direct insertion site for place-
ment of the PA catheter is either the left subclavian 
or the right internal jugular vein; however, any 
insertion site including a femoral approach is 
appropriate. This transducer is larger in diameter 
than a central venous line, but is inserted simi-
larly. During insertion, it is imperative that the 
provider insure that the transducer is placed in 
the venous vasculature. Dilation of the arterial 
system can be catastrophic. Using a jugular or 
femoral  approach   will allow for ultrasound con-
fi rmation prior to PAC insertion. 

 Once the patient is prepped and draped and 
the introducer is in place, the PAC itself must be 
tested prior to insertion. All the ports should be 
fl ushed with sterile saline and the balloon should 
be tested for infl ation. The provider should insure 
that the tip is enclosed into the balloon upon 
inflation, and it should not extend past the 
balloon to prevent damage to the tissue upon 
insertion. The catheter should also have the pro-
tector sterile sheath covering it so that manipula-
tions can occur via a sterile fi eld. 

 As the catheter is connected to the pressure 
transducer and the  monitor  , the provider should 
wave the tip of the catheter to make sure it is 
properly connected by confi rming a wave forma-
tion on the monitor. Finally, the  ACP   should ori-
ent the catheter so that its natural curvature is in 
alignment with the vasculature system depending 
on the insertion site. 

 Once the tip has been inspected and monitor 
connection confi rmed, the catheter is inserted 
into the introducer until the catheter tip is about 
15–20 cm from the right internal jugular or left 
subclavian. The catheter has measurement mark-
ings along its side to help the provider determine 
the length inserted into the patient. One should 
confi rm placement in the right atrium via the 
waveform on  the   monitor (Fig.  13.2 ). During 
insertion, the provider should always reference 
the monitor to verify the location within the heart 
chambers.

   Upon confi rmation that the tip is in the right 
atrium, the balloon should be infl ated. The regis-
tered nurse assisting with the procedure should 
state when they infl ate or defl ate the balloon. 

Once infl ated, the syringe should be locked to the 
catheter. The provider then advances the catheter 
into the right ventricle which should occur around 
30 cm. This position is then confi rmed by the 
right ventricle waveform on  the   monitor 
(Fig.  13.2 ). 

 The provider continues to advance the catheter 
through the pulmonary valve which will be identi-
fi ed by a pulmonary artery  waveform      (Fig.  13.2 ), a 
dicrotic notch, and an increase in diastolic pres-
sure. This typically will occur at 40 cm. As the 
balloon continues to fl oat further into the pulmo-
nary artery, it will become wedged and the tracing 
will fl atten usually at approximately 50 cm. 

 The balloon should then be defl ated and rein-
fl ated gently. If there is resistance felt as it is rein-
fl ated or the waveform shows signs of 
overwedging, balloon insertion should be stopped 
immediately. If the balloon is unable to be fully 
infl ated, this could be a sign that the catheter has 
passed too far distally and should be defl ated and 
pulled back about a centimeter. 

 Once the provider feels that the catheter is in 
proper position and has obtained an appropriate 
wedge pressure and tracing, the balloon should 
be defl ated and the catheter secured at the length 
it was obtained via the locking mechanism on the 
device. This measurement should be recorded in 
the medical record for reference. A chest x-ray 
should be ordered to confi rm proper placement 
and rule out complications.  

13.7      Complications   

 During insertion, it is possible that the balloon 
will not fl oat easily between the chambers of the 
heart. When advancing the catheter and a length 
of 45 to 50 cm is reached without identifying the 
wedge tracing, it is likely that the catheter has 
become curled into the right ventricle. At this 
point, the provider would need to defl ate the bal-
loon and pull back until the right atrial waveform 
can be visualized. 

 The provider should never withdraw the cath-
eter without confi rming that the balloon is 
defl ated. The catheter should also never be 
advanced without the balloon being infl ated. 
Doing either of these maneuvers can lead to 
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perforation or damage to the heart valves which 
is many times a fatal complication. 

 Finally, the clinician should be cautious when 
obtaining the wedge pressure to insure that the 
catheter has not migrated distally. As the catheter 
warms with the patient’s body temperature, it can 
expand and move. Monitoring of placement by 
the measurement on the catheter is crucial as well 
as monitoring of placement via chest x-rays.     

13.8     Pearls 

 There are  several   hemodynamic data directly 
measured by the PAC:  central venous pressure 
(CVP)  ,  pulmonary capillary wedge pressure 
(PCWP)  ,  mean pulmonary artery pressure (PAP)  , 
and  mixed venous oxygenation (SVO 2 )  . Other 
measurements are derived from this data includ-

ing  cardiac output (CO)  ,  cardiac index (CI)  , 
 stroke volume index (SVI)  ,  systemic vascular 
resistance (SVR)  , and  pulmonary vascular resis-
tance (PVR)  . 

 The clinician is able to utilize this information 
to help direct therapy for the patient. Trends of 
these calculations can be helpful in goal-directed 
therapy and in  diagnostic   evaluation (Table  13.1 ).

13.9        Conclusion 

 While the utilization of the pulmonary artery 
catheter in the intensive care unit is on the decline, 
there are specifi c populations of patients in which 
it is benefi cial in guiding care. The advanced 
clinical practitioner working as an intensivist 
must maintain the skills of insertion and interpre-
tation of the PAC when the need arises.     

Pressure Right atrium

Flow-directed
catheter

Right ventricle Pulmonary artery Pulmonary artery wedge
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mm Hg
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From Urden LD, Stacy KM, Lough ME: Thelan’s critical care nursing: diagnosis and management, ed 4, St Louis, 2002,
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Copyright © 2004. 2000. Mosby. Inc. All Rights Reserved.
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  Fig. 13.2    Illustration  of   ECG tracings in relation to pulmonary artery catheter location during insertion [permission 
acknowledgment needed]       
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   Table 13.1     Hemodynamic   profi les   

 Hemodynamic State  CVP  PAOP  CO  CI  SVR 

 Normal  2–6 mmHg  8–12 mmHg  4–8 L/min  2.5–4.0 L/min/m 2   900–1300 
dynes/s/cm –5  

 Cardiogenic Shock  ↑  ↑  ↓  ↓  ↑ 

 Hypovolemic Shock  ↓  ↓  ↓  ↓  ↑ 

 Sepsis  ↕  ↔  ↑  ↑  ↓ 

 Pulmonary arterial 
hypertension 

 ↑  ↔  ↔  ↔  ↑ 
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14.1           Introduction 

 Peripherally inserted central catheters (PICCs) 
have become an increasingly popular alternative 
to traditional  percutaneous central venous lines     . 
They require little or no sedation, can be placed 
at the bedside using minimal equipment, can be 
maintained at home, and, in the right patient pop-
ulation, offer lower rates of infection and other 
complications than traditional percutaneous cen-
tral lines. This chapter describes the terminology, 
equipment, and techniques for the placement of 
PICCs. Additionally, risks, benefi ts, complica-
tions, and troubleshooting are discussed. 

14.1.1     Defi nitions 

  Peripherally Inserted Central Catheter 
(PICC)     A long,    fl exible catheter inserted percu-
taneously into a peripheral vein and then threaded 
into the central circulation such that the tip is 
located within the superior vena cava, inferior 
vena cava, or right atrium (see Fig.  14.1 ).

      Obturator Wire          A wire placed within the 
lumen of the PICC during insertion to provide 
additional stiffness and make advancing of the 
PICC through the vessels easier.  

   Guidewire          A wire placed within the vessel that 
the PICC can be advanced over into the central 
circulation.  

   Introducer          A sheath that is inserted into a 
peripheral vein, either over a needle or a dilator, 
through which a PICC can be inserted into the 
vein.  

14.1.1.1     Indications 
   Long-Term IV Access       The most common indi-
cation for a PICC is the need for IV access for >7 
days, but <3 months. If access is needed for <7 
days, a  peripheral intravenous catheter (PIV)   or 
percutaneous  central venous line (CVL)   may be 
preferable. If access is needed for longer than 
3 months, a tunneled CVL or implantable port 
may be considered. PICCs can remain functional 
for more than a year if properly cared for, but the 
long-term risks and convenience issues should be 
a consideration in choosing access for very long- 
term needs.  

  Use of  Vesicant Medications          The need to 
administer medications not well tolerated in a 
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peripheral vessel, such as  vasoactive agents  , 
some antibiotics, and  chemotherapies  , even if for 
<7 days, may be an indication for a PICC.  

   Diffi cult IV Access       This is more controversial, 
but patients who have had repeated PIV failures 
or unsuccessful attempts, those who need 
repeated bloodwork, or those who, based on his-
tory, have had diffi culties maintaining IV access 
during past hospital admissions may all benefi t 
from PICC placement, as the deeper peripheral 
vessels used for PICC insertion are often less vul-
nerable to the conditions that can make PIV 
access diffi cult, such as dehydration, obesity, 
poor nutrition, etc.  

   Plasmapheresis          In many centers, plasmaphere-
sis can now be successfully performed using two 
PICCs that have a stiffened lumen suitable for 
high pressure injection.   

14.1.1.2     Contraindications 
   Venous Thrombosis          The presence of a venous 
thrombosis in any of the vessels through which 
the PICC will pass, such as the  basilica vein  , 
 subclavian vein  , or  superior vena cava  , is a con-
traindication to PICC placement. Even if the 

catheter can be passed beyond the  thrombus  , the 
presence of the PICC will increase the risk of 
both propagation of the thrombus and  embolus     .  

   End-Stage Renal Disease          PICCs are generally 
avoided in patients that are likely to need ongo-
ing hemodialysis because  any   thrombus resulting 
from the PICC is likely to impede the formation 
of fi stulas used for chronic dialysis.  

  Anticipated Need for Fluid Resuscitation or 
Rapid Medication  Infusion          Because the lumen 
of a PICC is long and often narrow, the resistance 
to fl ow is higher than in a PIV or most percutane-
ously inserted CVLs. This makes them an inap-
propriate choice for rapid fl uid resuscitation, 
massive transfusion protocols, or any other cir-
cumstance in which rapid infusion of medications 
(particularly high-volume medications) is indi-
cated or likely to be needed. If no other access is 
available, existing PICCs can be used for these 
purposes, but the rate of infusion will be limited to 
roughly 1 l/h or slower in smaller lumen PICCs.           

14.2     Preparation 

 PICC insertion is a  sterile procedure  . Appropriate 
handwashing, gowning, and other PPE should be 
donned as per institutional policy, and a “time out” 
should be used in the manner dictated by your 
institution. The patient should be supine with the 
head of the bed or gurney elevated approximately 
30° for an upper limb insertion or fl at for a lower 
limb  insertion  . If using an upper limb insertion 
location, the arm should be extended away from 
the patient and externally rotated to expose the sur-
face of the intended insertion area. It may be nec-
essary to use a soft restraint to assist the patient in 
maintaining this position. Identify and mark the 
point on the skin where you intend to insert your 
needle or PIV. Measure from this point to the axilla 
and then to the sternal notch. If measuring from 
the left, add 2 cm to this measurement. Record this 
measurement, as it will be the rough guide for 
trimming the PICC. If you intend to use a  sterile 
tourniquet  , the entire limb should now be cleaned 

  Fig. 14.1    Anatomic positioning of  the   PICC       
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with your sterile scrub. A  sterile drape   should be 
placed under the arm, and the tourniquet can now 
be loosely placed proximal to the intended inser-
tion site. If an assistant will be utilized to tie and 
release the tourniquet, it should be loosely placed 
proximal to the intended insertion site, and then 
the insertion site should be cleaned with your ster-
ile scrub. The  insertion site   should then be draped. 
Often, a clear plastic sterile fenestrated drape with 
adhesive on the side contacting the patient is 
placed over the insertion site. This may then be 
supplemented with sterile towels or whole body 
drapes, depending on your preference and institu-
tional policy. Assemble your remaining equipment 
on a sterile fi eld and place your ultrasound probe 
in a sterile sleeve (if using).  

14.3     Procedure 

14.3.1     Placement of the PICC 

   Choosing   a PICC     PICCs are available in a vari-
ety or diameters, lengths, and lumen options. 
They range from single lumen 1.9FR 30 cm cath-
eters appropriate for neonates and very small 
babies to 6FR quad lumen 90 cm catheters for 
use in large adults, requiring multiple incompat-
ible medications. There are specially designated 
PICCs that are certifi ed as able to withstand the 
pressure created by power injectors used in radio-
logic procedures or plasmapheresis. PICCs with 
diameters of 3FR or less are often unreliable for 
blood return and may not be suitable if blood 
sampling is an indication for the PICC. In gen-
eral, the smallest catheter with the fewest lumens 
that will meet indicated needs of the patient 
should be used. Increasing catheter size is associ-
ated with increased risk of thrombosis, and 
increased number of lumens is associated with 
increased infection risk. However, smaller cathe-
ters are more prone to damage, may be harder to 
advance through large vessels, and may not return 
blood reliably. In all cases, the risks and benefi ts 
of each size should be  considered  .  

   Location       PICCs are most commonly inserted 
into either the  cephalic  , median  basilic  , or  bra-
chial veins   of the arm. However, the  saphenous 

vein   (in young children who are preambulatory), 
 popliteal vein  ,  external jugular vein,    forearm 
veins  , and  axillary vein   have all been used when 
other options are not available. The median 
basilic or brachial  veins      are generally preferred to 
the cephalic vein as the tight turn and narrowing 
that occurs as the cephalic vein joins the axillary 
vein is a frequent site for phlebitis  and   thrombus 
formation. However, the cephalic vein is easier to 
locate (typically in the antecubital fossa) and pal-
pate, so may be the preferred site if ultrasound 
guidance is not available.     

   Equipment       PICCs are available in kits that can 
be as minimal as the catheter itself and an obtura-
tor wire or as comprehensive as a complete inser-
tion kit containing all necessary drapes, devices, 
and materials for insertion. The equipment 
needed is similar to that required for percutane-
ous placement of a CVL. At a minimum, inser-
tion of a PICC will require:

 –    A PICC.  
 –   A device to trim the PICC to the desired 

length.  
 –   If using the direct insertion technique, an 

obturator wire and a cannulating needle with a 
tear-away sheath.  

 –   If using the  modifi ed Seldinger technique  , a 
needle or PIV for accessing the peripheral 
vessel, a guidewire, and a vein dilator (with or 
without a tear-away introducer sheath).  

 –      A sterile ultrasound sleeve and gel (if using 
ultrasound).  

 –   A tourniquet (sterile if it will be on the fi eld, 
can be nonsterile if an assistant will be tying 
the tourniquet outside the sterile fi eld).  

 –   Sterile drapes (whole body if required by your 
institution).  

 –   Sterile prep (such a chlorhexidine) for clean-
ing insertion site.  

 –   Tape measure (sterile) to measure from inser-
tion site to intended tip location to aid in trim-
ming PICC to desired length.  

 –   Sterile fl ushes (saline or heparin containing, 
based on institutional policy).  

 –   Caps for each lumen of the PICC (ensure caps 
are compatible with IV tubing system used at 
your institution).  
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 –   Suture material, scissors, or scalpel for cutting 
material and needle driver if the PICC is to be 
sutured in place.  

 –   A securement device, such as a StatLock 
device, if the PICC will not be sutured in 
place.        

   Optional Equipment       Ultrasound device for 
identifying peripheral vessel, guiding insertion, 
and (with experience) identifi cation of PICC tip 
location. Several commercially available devices 
exist to aid in tracking the path and tip location of 
the PICC, often using a magnetic portion of the 
obturator wire and a sensor that is placed on the 
chest of the patient. In the operating room or radi-
ology suite, fl uoroscopy may be available for 
visualizing the advancement of either the guide-
wire or the PICC into the desired location.     

   Sedation       Many adults and older children will 
tolerate this procedure with only local anesthesia. 
However, for many young children (and their 
parents) or older patients with cognitive impair-
ment, this procedure may be both technically dif-
fi cult (due to movement and crying, which can 
increase intrathoracic pressure and lead to more 
internal jugular malposition) and traumatizing to 
the patient. Therefore, it may be appropriate to 
offer anxiolysis or moderate sedation to patients 
undergoing PICC placement, based on the avail-
able expertise, personnel, and policies of your 
institution.     

   Insertion       Once preparations are complete and 
all equipment is available, you can begin the 
insertion. There are two basic techniques for 
inserting a PICC—the direct introducer tech-
nique and the microintroducer (or modifi ed 
Seldinger)  technique  . Each will be discussed 
separately.  

     Direct Introducer Technique          This technique 
uses a needle with a tear-away sheath over it. The 
previously placed tourniquet is tied to enlarge the 
target blood vessel. The needle is inserted directly 

into an appropriate vessel until blood return is 
observed. The sheath is then advanced over the 
needle to its full depth. The needle is then 
removed, leaving a “tunnel” between the sheath 
opening and the vessel. Once inserted, this sheath 
can be capped briefl y and the tourniquet should 
be removed. The distance between the intended 
insertion point (marked previously) and the 
actual insertion site should then be measured 
using your sterile measuring tape. This distance 
should be added or subtracted from your original 
measurement from intended insertion point to 
intended tip location. The PICC can now be 
trimmed to this length. Once trimmed, the PICC 
should be fl ushed with saline- or a heparin- 
containing solution (based on institutional pol-
icy) and an obturator wire inserted into the 
PICC. The obturator should terminate 1–2 cm 
short of the tip of the PICC to reduce the chance 
of vessel perforation and allow the softer PICC 
tip to direct the PICC towards central vessels dur-
ing advancement. Once the obturator is inserted, 
the cap can be removed from the tear-away 
sheath. The PICC tip is then inserted through the 
sheath into the peripheral vein and slowly 
advanced until the PICC hub reaches the sheath. 
To help ensure the PICC tracks towards the 
 central circulation, you may ask the patient to 
turn his or her head towards the site of insertion 
(or have an assistant position the patient if the 
patient is sedated). If ultrasound or other tracking 
devices are available, they can be used to deter-
mine the location of the PICC tip. Once the PICC 
has been inserted, the two handles of the intro-
ducer are pulled apart, and the “tear-away” sheath 
is torn into two pieces and removed. The PICC 
can then be secured to the patient using either an 
adhesive securement device or suturing, the wire 
removed, the PICC fl ushed, and a sterile dressing 
applied.    

     Microintroducer (Modifi ed Seldinger) 
Technique          This technique is similar to that 
employed for percutaneous CVL insertion. Once 
the tourniquet is applied, a needle or PIV catheter 
is inserted into the target vein. A guidewire is 
then inserted through either the needle or the PIV 
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catheter to a depth of 10–15 cm. Unless using 
fl uoroscopy for guidance, the guidewire should 
not be advanced centrally. The needle or catheter 
is then removed, leaving the wire. The tourniquet 
is then removed. A “nick” is then made with a 
scalpel at the point where the wire enters the skin 
to facilitate the introduction of a vein dilator. For 
the next step, several options exist:

 –    If fl uoroscopy is available, a vein dilator can 
be used without an introducer sheath to dilate 
the tunnel between the skin and the target vein 
to the appropriate size for the PICC to be 
inserted (usually 0.5FR greater than the PICC 
diameter). The vein dilator is advanced over 
the wire in a “corkscrew” manner until it 
reaches the vein. The dilator is then removed.  

 –   Some PICCs are stiff enough to advance into 
the central circulation without an obturator 
wire. In this circumstance, a vein dilator with-
out introducer sheath can be used, identically 
to the way it is described above.  

 –   In most cases, the PICC will require an obtu-
rator wire to provide suffi cient stiffness to 
allow the tip to be advanced centrally. In these 
cases, special vein dilators are available that 
have a tear-away introducer sheath over them. 
The dilator is inserted under the skin and into 
the vein over the wire as above. However, 
once the vein is dilated, the dilator is detached 
from the tear-away introducer and removed, 
along with the guidewire. This leaves the 
introducer as a “tunnel” between the skin and 
the vein. This introducer should then be 
capped to stop blood fl ow.     

 The distance between the actual insertion point 
and the intended insertion point should be mea-
sured, and this distance is either added or sub-
tracted from the original measurement from 
intended insertion point to desired tip location. 
The PICC should then be trimmed to this length, 
and if the introducer sheath method was used, an 
obturator wire is inserted. The tip of the wire 
should be 1–2 cm short of the PICC tip to allow 
for a fl exible portion of the tip to help guide the 
catheter through vessel junctions and also to 
reduce the risk of perforating a vessel with the 

obturator wire. Once the PICC is trimmed and 
the obturator wire is inserted, the cap can be 
removed from the introducer sheath. 

 The PICC is then advanced through the sheath, 
into the vein, and is slowly introduced until the 
hub of the catheter touches the distal end of the 
introducer sheath. The two tabs of the introducer 
sheath can then be grasped and pulled apart. This 
will tear the introducer in two, allowing for it to 
be removed. The obturator wire can now be 
removed from the PICC. 

 If an introducer sheath was not used, the PICC 
is trimmed as outlined above, fl ushed, and then 
inserted over the guidewire until the hub reaches 
the skin. The guidewire is then removed. 

 The PICC is then anchored to the skin using 
either sutures or an adhesive securement device. 
Each lumen is aspirated to confi rm blood return 
and then fl ushed with either saline-or a heparin- 
containing solution (based on individual institu-
tional policy). The PICC insertion site is then 
dressed with a sterile dressing.   

  Use of  Ultrasound          Ultrasound guided PICC 
insertion is becoming the standard of practice, 
particularly in large institutions where ultrasound 
machines are readily available. Ultrasound offers 
several advantages. First, the use of ultrasound 
allows the inserter to access veins that are not 
visible or palpatable, such as the brachial vein. 
These veins are often larger, less damaged by 
PIV attempts, and less vulnerable to phlebitis. 
Second, the use of ultrasound reduces the number 
of attempts needed to access a vein, increases 
overall success rate, and reduces incidence of 
thrombophlebitis [ 1 ]. Finally, the use of ultra-
sound by an experienced clinician allows for the 
visualization of the central vessels, which facili-
tates identifi cation of malpositioned PICCs. This 
allows for repositioning attempts under sterile 
conditions, reduces the number of radiographs 
needed to confi rm placement, and reduces seda-
tion time for patients who require  sedation      (see 
Fig.  14.2 ).

      Confi rmation       Regardless of insertion tech-
nique, the gold standard for the confi rmation of 
PICC tip location is plain fi lm chest radiograph. 
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The generally accepted ideal tip location is in the 
lower 1/3 of the superior vena cava (svc), ideally 
at the atriocaval junction. However, some radi-
ologists feel that a PICC tip located in the right 
atrium is more “stable” and less prone to migra-
tion into the internal jugular vein than one placed 
in the SVC (Fig.  14.3 ). Conversely, many people 
believe (although no large-scale studies are avail-
able to demonstrate the extent of such a risk) that 
placement in the right atrium increases the risk of 
erosion into a vessel wall. One clear reason to 
place the PICC tip above the right atrium is the 
presence of ectopy. If the patient is noted to have 
increased premature ventricular contractions dur-
ing or after PICC insertion, the PICC tip should 
be retracted to the SVC.

       Many experienced PICC inserters will use 
ultrasound visualization of the internal jugular 
vein, subclavian vein, and SVC to visualize the 
PICC after insertion and prior to securing the 
PICC. However, this is not considered suffi cient 

confi rmation of tip location and a radiograph is 
still required. If the PICC is inserted under fl uo-
roscopic guidance, a saved fl uoroscopic image of 
the fi nal tip location is generally considered suf-
fi cient confi rmation of tip location.      

14.4     Troubleshooting 

   Insertion       If you are able to visualize or palpate 
an appropriate vessel but cannot cannulate it, 
consider the following: once an unsuccessful 
attempt to cannulate a vessel has been made, fur-
ther attempts should be made proximal to the 
original site, so as to avoid cannulating a hema-
toma or advancing a wire through the previous 
insertion site. While many kits come with 20 g or 
larger needles or insertion catheters, many of the 
guidewires used will fi t comfortably through a 
22 g (or in some cases 24 g) PIV catheter. If you 
are unsuccessful using the supplied needle or 
PIV catheter, you can try cannulating the vessel 

  Fig. 14.2    Example of  an      ultrasound image used to guide the placement of the catheter for PICC insertion       
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with a smaller needle or catheter. Just be sure to 
confi rm that your guidewire will pass through the 
needle or catheter you select fi rst. If you are using 
ultrasound guidance and a transverse view of the 
vessel without success, consider using a longitu-
dinal view of the vessel. While more technically 
diffi cult to hold during insertion, this view does 
allow visualization of valves, any displacement 
of the vessel wall by the needle, and any stenosis 
of the vessel at the point of attempted  insertion.    

   Advancement       If you have cannulated the vessel 
and inserted the PICC into the vessel but are 
unable to advance the PICC centrally, consider 
the following: advance the PICC slowly and 

steadily. Rapid advancement generates substan-
tial heat through friction within the vessel, which 
can prompt vasospasm. If you encounter vaso-
spasm, stop your advancement and wait a few 
minutes before attempting further advancement. 
If you encounter diffi culties at the expected loca-
tion of the axilla or subclavian veins, try extend-
ing the arm up and away from the patient. This 
sometimes helps align the vessels at the junction 
of the axillary and subclavian veins, allowing for 
passage. If this is unsuccessful, have an assistant 
try gently pressing on the clavicle or placing 
his/her hands between the shoulder blades and 
lifting. Some patients have a signifi cant defl ec-
tion of their subclavian vein under the clavicle 
which can prevent the advancement of the PICC. 

  Fig. 14.3    Positioning of  the   PICC tip in the  right  atrium       

 

14 Peripherally Inserted Central Catheter Placement



122

If repeated attempts to advance the PICC are 
unsuccessful, particularly in a patient who has 
had previous PICCs or CVLs,  a   thrombus or ste-
nosis may exist. In that case, you can either try a 
different limb for insertion or refer to interven-
tional radiology, where a dye study can confi rm 
the patency of the vessels.     

   Malposition       The two most common malposi-
tions of the PICC tip are in the internal jugular 
(IJ) vein (either ipsilateral or contralateral) and 
the contralateral subclavian vein. You can reduce 
the chance of IJ malposition during insertion by 
having the patient turn his/her head towards the 
insertion site during advancement and by having 
him or her take a deep breath during the last few 
centimeters of advancement. If the PICC tip is 
identifi ed in the IJ prior to termination of the pro-
cedure (such as with ultrasound), the PICC can 
be retracted until out of the IJ and then reinserted. 
If the PICC tip migrates into the IJ or the malpo-
sition is identifi ed after termination of the proce-
dure, the following can be attempted to reposition 
the PICC. Obtain a 10 cc syringe with saline and 
attach it to the hub of the largest lumen of the 
PICC. Extend the patient’s arm to 90° from the 
body and then raise the arm above the patient’s 
head. This should retract the PICC tip a few cen-
timeters. Then, fl ush the PICC in a rapid and pul-
satile manner. This creates a “jet” of saline at the 
tip which can propel the PICC down into the 
SVC (visualize a fi rehose when the fi refi ghter 
lets go of it and it whips around). Before you 
have fi nished fl ushing, drop the arm to the 
patient’s side. This should readvance the PICC by 
several centimeters and ideally help guide it back 
into the SVC. If the PICC tip is located in the 
contralateral subclavian vein and the procedure 
has not been terminated, retract the tip to the ipsi-
lateral subclavian vein, raise the head of the bed 
(if possible), and readvance. If the malposition is 
identifi ed after the procedure has terminated (or 
the tip migration is identifi ed on subsequent 
radiograph), the only practical solution is to 
retract the PICC until the tip rests just over the 
junction of the subclavian vein, IJ, and 
SVC. While not an ideal location, this is less 

likely to promote thrombosis than leaving the tip 
in a contralateral subclavian location.     

14.4.1     Removal of the PICC 

    PICCs can be removed by trained nurses, either 
in the hospital or long-term care facility, during a 
clinic visit or at home for patients receiving home 
nursing care. To remove the PICC, the dressing is 
removed, the securement device (if used) or 
sutures are removed, and the PICC is slowly 
retracted until the entire PICC is removed. Prior 
to removal, you should confi rm the length of the 
PICC from the insertion note (as PICCs can be 
trimmed to many lengths), and after removal you 
should confi rm the PICC tip is at least as long as 
the recorded insertion length. The PICC may be 
longer than at the time of insertion, particularly if 
it has been indwelling for an extended period of 
time, as the material is designed to increase in 
fl exibility when exposed to body heat, and adher-
ence to vessel walls can then “stretch” the 
PICC. However, if the PICC measures shorter 
than the recorded length at insertion, the possibil-
ity that a portion of the PICC has been retained 
exists. This should prompt immediate referral to 
an interventional radiologist for further imaging 
and possible retrieval of retained PICC. 

 Once the PICC is removed, the insertion site 
can be dressed with an adhesive bandage. Some 
providers cover the insertion site with an antibi-
otic- or betadine-impregnated ointment prior to 
application of the adhesive bandage.    

14.4.1.1     Complications 
   Infection       Although PICC infections are rare 
(0.75/1000 catheter days, [ 2 ]), they do occur. 
PICCs are generally considered to have a 
lower overall infection rate versus percutane-
ously inserted CVLs. However, at least one 
study has demonstrated that, in high-risk hos-
pitalized patients, the infection risk is roughly 
equivalent (2.1/1000 catheter days) to that of 
percutaneously placed CVLs [ 3 ]. This sug-
gests that some of the association between 
PICCs and lower infection rates may have 
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more to do with the types of patients who ini-
tially received PICCs rather than an innate 
lowering of risk due to the device or insertion 
site. Infection may require the removal of the 
device and short- or long-term courses of 
appropriate antibiotic  therapy  .  

   Thrombosis       Although initially thought to be 
associated with lower risk of thrombosis than 
percutaneously placed CVLs, recent systematic 
reviews have indicated that PICCs may have a 
higher association with large  vessel   thrombus 
formation [ 4 ]. However, there is not an associ-
ated increased risk of pulmonary embolus. The 
long-term clinical signifi cance of these thrombi 
is unclear. In this and other studies, most of the 
large vessel thrombi identifi ed were in critically 
ill patients, suggesting that some of the earlier 
studies that suggested lower thrombus risk may 
have refl ected the patients who initially received 
PICCs rather than the risk associated with the 
device itself or insertion site. As the use of PICCs 
in the acute and critical care settings increase, 
reevaluation of the associated complications will 
be necessary. Symptomatic large vessel thrombus 
formation may require the removal of the PICC 
and potentially anticoagulant  therapy  .  

   Occlusion       Fibrin sheaths form on most long- 
term indwelling PICCs. This can result in non- 
thrombotic occlusion of the PICC, particularly 
with aspiration (due to a ball-valve effect of the 
sheath on the tip of the catheter). If clinically 
appropriate, this occlusion can be treated with the 
instillation of direct thrombolytic agents such as 
alteplase.  

   Phlebitis       With increased use of ultrasound, inser-
tion into deeper peripheral veins, and the increased 
use of the microintroducer technique, phlebitis has 
become a much less common complication of 
PICC insertion. A peripheral phlebitis not associ-
ated  with   thrombus will usually resolve with appli-
cation of warm compresses to the affected area 
and use of nonsteroidal antiinfl ammatory medica-
tions (if clinically appropriate).     

   Malposition       Because PICCs are generally 
softer and more fl exible than CVLs, they are 
more prone to migration into unintended tip posi-
tions. The most common site of malposition is 
the ipsilateral internal jugular vein, although 
migration into the contralateral subclavian vein 
or migration back into the ipsilateral subclavian, 
axillary, or even basilica vein has been reported. 
Troubleshooting approaches to this malposition 
is addressed above, but persistent malposition 
may require removal or replacement of PICC.     

   Rupture       Particularly when used in high- intensity 
environments, such as ICUs, PICCs can rupture. 
The most common site of rupture is at the catheter 
hub, but rupture can occur at any point. In general, 
this occurs when the PICC becomes occluded and 
pressure is exerted in an effort to instill a medica-
tion. The chance of rupture can be reduced by 
using only 10 cc or larger syringes for instilling 
medications into PICCs, as the pressure generated 
by larger syringes is generally insuffi cient to rup-
ture the PICC wall. Ruptures of the distal catheter 
or hub external to the patient can sometimes be 
repaired using  premade kits supplied by the PICC 
manufacturer. Internal ruptures or those close to 
the hub generally require the removal and replace-
ment of the PICC.        

14.5     Consideration of PICC 
Versus Percutaneously 
Placed  CVL   

 In general, PICCs have lower reported infec-
tion rates versus percutaneously placed CVLs 
(0.75 versus 2.51/1000 catheter days, [ 2 ]). 
However, most studies comparing PICCs to 
CVLs have used data from PICCs that were 
indwelling for >7 days. There is no evidence 
that PICCs are safer for short-term use 
(<7 days) and in a critically ill patient who may 
require rapid or high- volume resuscitation, the 
percutaneously placed CVL may offer advan-
tages that offset the theoretical reduction of 
infection rates in the short term.  
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14.6     Pearls/Pitfalls 

 –     Advance the guidewire and  catheter   slowly 
(1–2 cm/s) as rapid advancement generates 
signifi cant heat at the point where the vessel 
wall is in contact. This heat can cause endo-
thelial damage and increase the risk  of   throm-
bus formation.  

 –   If  placing   the PICC in an awake patient (or if 
an assistant is available), have him/her turn 
his/her head towards the side of insertion 
while advancing the catheter. This will slightly 
restrict the opening to the ipsilateral internal 
jugular vein and reduce the chance of 
malposition.  

 –   If placing a PICC in a spontaneously breathing 
patient, try to perform the fi nal 10–15 cm of 
catheter advancement during inhalation. 
Intrathoracic pressure will be at its most nega-
tive during inspiration, increasing venous return 
to the superior vena cava and helping direct the 
PICC towards the atriocaval junction. 
Conversely, in mechanically ventilated patients, 
advance during exhalation or during inhalation 

of an unassisted breath. Intrathoracic pressure in 
the mechanically ventilated patient is always 
positive but is the least positive during exhala-
tion. Advancing during mechanical inhalation 
has a higher risk of directing the PICC tip 
upwards towards the internal jugular vein.           
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15.1           Indications 

 Generally, the intraosseous route will be used for 
the critically ill or injured patient that quick intra-
venous access cannot be obtained. This  is   defi ned 
as three attempts or 90 seconds. Access sites for 
adults include the femur, tibia, and humerus.  

15.2        Contraindications 

•     Establishment of a peripheral IV or central 
venous line.  

•   Fracture of the targeted bone.  
•   Previous, significant orthopedic procedures 

at insertion site (e.g., prosthetic limb or 
joint).  

•   IO in the targeted bone within the past 48 h.  
•   Infection at area of insertion.  
•   Excessive tissue or absence of adequate 

anatomical landmarks.     

15.3     Equipment/Procedure 

 There are many commercially available devices that 
enable the placement of an intraosseous needle. 
This chapter will review and discuss  the            EZ-IO by 
VidaCare system (Figs.  15.1  and  15.2 ) [ 1 ].

•      EZ-IO® Power Driver.  
•   EZ-IO® Needle Set and EZ-Connect® 

Extension Set.  
•   EZ-Stabilizer® Dressing.  
•   Non-sterile gloves.  
•   Cleansing agent of choice.  
•   Luer lock syringe with sterile normal saline fl ush 

(5–10 ml for adults, 2–5 ml for infant/child).  
•   Sharps container.  
•   2 % preservative and epinephrine-free lido-

caine (intravenous lidocaine).  
•   Intravenous fl uid.  
•   Infusion pressure pump or pressure bag, tub-

ing, 3-way stop cock.  
•   Supplies for lab  sample  s.    

        D.  A.   Taylor ,  DNP, ACNP-BC, FCCM      (*) 
   A.   Hefner ,  MD, FCCM      
  Carolinas HealthCare System ,   Charlotte , 
 NC   28232 ,  USA   
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15.3.1      Adult   Insertion Site 
Identifi cation 

      Proximal Humerus (Adult) 
   1.    Place the patient’s hand over the abdomen 

(elbow adducted and humerus internally 
 rotated  ) (Fig.  15.3 ).

       2.       Place your palm on the patient’s shoulder 
anteriorly; the “ball” under your palm is the 
general target  area   (Fig.  15.4 ).
   You should be able to feel this ball, even on 

obese patients, by pushing deeply.   
         3.          Place the ulnar aspect of your hand vertically 

over the axilla and the ulnar aspect of your 
other hand along the midline of the upper 
arm laterally (Fig.  15.5 ).

         4.    Place your thumbs together over the arm; 
this identifi es the vertical line of insertion on 
 the      proximal humerus (Figs.  15.6  and  15.7 ).

          5.       Palpate deeply up the humerus to the surgi-
cal neck.

   This may feel like a golf ball on a tee—the 
spot where the “ball” meets the “tee” is the 
 surgical   neck (Fig.  15.8 ).  

  The insertion site is 1–2 cm above the surgical 
neck, on the most prominent aspect of the 
greater  tubercle         (Fig.  15.9 ).   

  Fig. 15.1          EZ-IO Kit       

  Fig. 15.2          EZ-IO Drill       

  Fig. 15.3       Positioning arm       

  Fig. 15.4       Feeling humeral head       
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  Fig. 15.5       Placement of  right  hand       

  Fig. 15.6       Placement of  left  hand       

  Fig. 15.7        Vertical line  of insertion       

  Fig. 15.8       Location of surgical neck       

                 Proximal Tibia (Adult) 

   1.    Extend the leg.   
   2.       Insertion site is approximately 2 cm medial to 

the tibial tuberosity, or approximately 3 cm 
below the patella and approximately 2 cm 
medial, along the fl at aspect of  the   tibia 
(Fig.  15.10 ).

       3.    Aim the needle set at a 90° angle to the bone.   
   4.             Push the needle set tip through the skin until 

the tip rests against the bone.    

  The 5 mm mark must be visible above the skin 
for the confi rmation of adequate needle set length.

  Fig. 15.9       Greater tubercle       
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    5.    Gently drill, advancing the needle set 
approximately 1–2 cm after entry into the 
medullary space or until the needle set hub 
is close to the skin.                

           Distal Tibia (Adult) 
   1.       Insertion site is located approximately 3 cm 

proximal to the most prominent aspect of the 
medial malleolus (Fig.  15.11 ).

       2.    Palpate the anterior and posterior borders of 
the tibia to assure insertion site is on the fl at 
center aspect of the bone.                

15.4           Needle Set Selection 

 Select EZ-IO® Needle Set based on patient 
weight, anatomy, and clinical judgment. The 
EZ-IO® catheter is marked with a black line 
5 mm proximal to the hub. Prior to drilling, with 
the EZ-IO® Needle Set inserted through the soft 
tissue and the needle tip touching bone, adequate 
needle length is determined by the ability to see 
the 5 mm black line above the skin.

•    EZ-IO® 45 mm Needle Set (yellow hub) 
should be considered for proximal humerus 

insertion in patients 40 kg and greater and 
patients with excessive tissue over any inser-
tion site.  

•   EZ-IO® 25 mm Needle Set (blue hub) should 
be considered for patients 3 kg and greater.  

•   EZ-IO® 15 mm Needle Set (pink hub) should be 
considered for patients  approximately   3–39 kg.     

15.5     Insertion Completion 

     1.    Hold the hub in place and pull the driver 
straight off; continue to hold the hub while 
twisting the stylet off the hub with counter-
clockwise rotations; catheter should feel 
fi rmly seated in the bone (fi rst confi rmation of 
placement);
   Dispose of all sharps and biohazard materials 

using standard biohazard practices and dis-
posal containers.  

  If using the NeedleVISE® 1 port sharps block, 
place on stable surface and use a one- 
handed technique.       

    2.       Place the EZ-Stabilizer® Dressing over the 
hub (Fig.  15.12 ).

       3.    Attach a primed extension set to the catheter 
hub; fi rmly secure by twisting clockwise.   

  Fig. 15.10                Location of 
insertion—tibial 
tuberosity       
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  Fig. 15.11             Lateral malleolus       

  Fig. 15.12       IO with dressing in place       

   4.    Pull the tabs off the dressing to expose the 
adhesive; apply to the skin.   

   5.       Aspirate for blood/bone marrow (second 
confi rmation of placement) 1     

    6.    Proceed with technique below, based on 
situation:
    (a)       Adult (responsive to pain): recommended 

anesthetic.
   Observe recommended cautions/contrain-

dications to using 2 % preservative and 
epinephrine- free lidocaine (intrave-
nous lidocaine) and confi rm lidocaine 
dose per institutional protocol   
    1.    Prime extension set with lidocaine.

   Note that the priming volume of the EZ- 
Connect® Extension Set is approxi-
mately 1.0 ml.      

1   Inability to withdraw/aspirate blood from the catheter 
hub does not mean the insertion was unsuccessful. 
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   2.    Slowly infuse lidocaine 40 mg IO 
over 120 s.   

   3.    Allow lidocaine to dwell in IO 
space 60 s.   

   4.    Flush with 5–10 ml of normal saline.   
   5.    Slowly administer an additional 

20 mg of lidocaine IO over 60 s.
   Repeat PRN; consider systemic pain con-

trol for patients not responding to IO 
lidocaine.       

       (b)          Adult: unresponsive to pain.
    1.    Prime extension set with normal 

saline.   
   2.    Flush the IO catheter with 5–10 ml 

of normal saline.
   If patient develops signs indicating respon-

siveness to pain, refer to adult recom-
mended anesthetic technique.       

15.6                  Inserxtion: Adult Humerus 

•     Prepare the site by using antiseptic solution of 
your choice.  

•   Use a clean, “no touch” technique.  
•   Remove the needle cap.  
•   Point the needle set tip at a 45° angle to the 

anterior plane and posteromedial.  
•      Push the needle tip through the skin until the 

tip rests against the bone.  
•   The 5 mm mark must be visible above the skin 

for the confi rmation of adequate needle length.  
•   Gently drill into the humerus 2 cm or until the 

hub reaches the skin in an adult (Figs.  15.13  
and  15.14 ).

•       Continue to hold the hub while twisting the 
stylet off the hub with counterclockwise 
rotations.
 –    The needle should feel fi rmly seated in the 

bone (fi rst confi rmation of placement).     
•   Place the stylet in a sharps container.  
•      Place the EZ-Stabilizer TM  dressing over the 

hub.  
•   Attach a primed EZ-Connect ®  Extension 

set to the hub; fi rmly secure by twisting 
clockwise.  

•   Pull the tabs off the EZ-Stabilizer dressing to 
expose the adhesive; apply to the skin.  

•   Aspirate for blood/bone marrow (second 
confi rmation of placement).  

•      Secure the arm in place across the abdomen.     

15.7        Removal Technique 

     1.    Remove extension set and dressing.   
   2.    Stabilize catheter hub and attach a Luer lock 

syringe to the hub.   
   3.    Maintaining axial alignment, twist clockwise 

and pull straight out.
   Do  not  rock the syringe.       

    4.    Dispose of catheter with syringe attached into 
sharps container.   

  Fig. 15.13       The hub of the needle set should be perpen-
dicular to the skin       

  Fig. 15.14       Hold the hub in place and pull the driver 
straight off       
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   5.    Apply pressure to site as needed to control 
bleeding and apply dressing as  indicated  .    

15.8          Complications 

 Complications may be similar to those of a 
peripheral IV such as infection, air embolism, 
infi ltration, circulatory overload, allergic reac-
tions, and thrombophlebitis. In addition, compli-
cations may also include fracture, growth plate 
damage, and insertion of the needle through both 
sides of the bone resulting in infi ltration. Finally, 
the risk of developing a pulmonary embolism is 
greater due to the bone, fat, or marrow particles 

that may make their way into central circulation 
and ultimately the lungs.  

15.9     Summary 

 Rapid  venous access   is often needed in the criti-
cal care area. Placement of an IO is a safe, rapid, 
and effective means to establish a route of medi-
cation and blood administration.     

   Reference 

    1.      http://www.telefl ex.com/en/usa/ezioeducation/index.html          
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16.1           Introduction 

 The goal of this chapter is to give an overview of 
bedside insertion of temporary transvenous pace-
maker catheters through established  central 
venous access  . Central venous access has been 
addressed in a previous chapter. The optimal sites 
of venous or sheath access (in order of preference) 
are right internal jugular vein, left subclavian 
vein, or femoral vein. The right internal jugular 
vein offers the most direct route to the ventricle 
and is associated with the highest success rate and 
fewest of complications [ 1 ]. Additionally, avoid-
ing the left subclavian area leaves a clean site if 
the patient needs permanent pacemaker place-
ment in the future. Using the right  internal jugular 
(IJ)   or left subclavian vein utilizes the natural 
curve of the pacemaker lead. These approaches 
have been the most successful particularly with 

placement of temporary fl oating or balloon-tipped 
leads. Pacemaker implantation from the femoral 
route can be used but is best reserved for semi-
rigid leads advanced under fl uoroscopic or echo-
graphic control.  “J”-shaped catheters   are available 
for femoral access that helps transition from the 
IVC through the tricuspid valve. Often manipula-
tion of the lead in the right atrium or inferior vena 
cava is necessary to access the right ventricular 
(RV) apex. Femoral leads are the least stable due 
to possible dislodgement and are prone to infec-
tion and early deep venous thrombosis. We will 
describe herein temporary pacing lead insertion 
using the fl ow- directed as well as the ECG-guided 
bedside technique.  

16.2     Indications 

 Temporary pacing is indicated when  bradycardia   
causes severe hemodynamic impairment, syn-
cope, or signs of organ malperfusion. These are 
primarily patients with symptomatic second or 
third degree AV block or signifi cant hypotension 
from profound sinus bradycardia. In experienced 
hands, temporary pacing can be also used to sup-
press atrial arrhythmias, (e.g., atrial fl utter) and to 
treat recurrent monomorphic ventricular 
 tachycardia in patients with prolonged QT inter-
vals. Frequently, pacing catheters are utilized fol-
lowing acute myocardial infarction (particularly 
inferior wall), either temporarily or as bridge to 
permanent pacemaker implantation. 
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  Class I   recommendations for temporary 
 pacemaker placement include the following: [ 2 ]

 –     Asystole    
 –   Symptomatic bradycardia  
 –   Bilateral bundle branch block (or alternating 

BBB)  
 –   New or indeterminate age  bifascicular block    
 –   Mobitz-type II second-degree AV block  
 –   Complete  heart block      

 Temporary pacing should be used for very 
short periods. Complications increase signifi -
cantly after 24 h of use, and we feel strongly that 
cardiology and/or electrophysiology consultation 
should be sought early. When pacing is required 
more than 2–3 days in a pacer-dependent patient, 
the safest option is the insertion of an active fi xa-
tion (screw-in) endocardial lead which can be 
externalized and connected to generator. This is 
the usual approach for patients undergoing device 
explant for endocarditis or lead  infection   during 
systemic antimicrobial therapy. The lead can be 
easily removed for permanent device implant fol-
lowing appropriate length of treatment and nega-
tive cultures [ 3 ]. 

 It is important to emphasize that insertion of a 
temporary pacemaker carries a high risk of poten-
tial complications as outlined later in this chap-
ter. The operator should be experienced in 
obtaining  central venous access   from multiple 
sites, have knowledge of intracardiac anatomy, 
and be able to recognize the difference between 
captured and non-captured pacing stimuli [ 4 ]. 

 Less invasive strategies such as  pharmaco-
logic agents   for acutely reversible causes as well 
as transcutaneous cardiac pacing should be insti-
tuted, while equipment for temporary venous 
pacemaker insertion is readied. 

 Short-term transcutaneous pacing with appro-
priate sedation can be lifesaving if ventricular 
capture is successful. It is commonly employed 
fi rst in an emergency. Most defi brillators have 
the ability to deliver  emergency external pacing   
via multifunction pads that can be used to per-
form cardioversion, defi brillation, and pacing. It 
is stressed to familiarize oneself with the defi bril-

lators in the units you cover. The most frequent 
error in attempting to initiate either external pac-
ing or synchronized cardioversion is failure to 
attach the patient ECG cable to the defi brillator 
unit prior to initiation. The device cannot “read” 
the rhythm for the pads AND pace or defi brillate 
simultaneously.  Pacing pads   are placed either in 
the anterior-lateral or anterior-posterior positions 
in a patient that has the ECG cable attached to the 
device as you would for a synchronized cardio-
version. When pacing initiated, the default set-
ting begins at a rate of 70 with a current (mA) of 
30. Current is then increased until evidence on 
monitor of ventricular capture and palpable pulse 
is present. In  bradyasystolic arrest  , mA should be 
initiated at maximum output (~200 mA) and then 
decreased slowly while ascertaining ventricular 
capture and systemic pulse to about 10 (mA) 
above threshold (see threshold below). Typical 
transcutaneous threshold should be ≤ 80 mA. 
Failure to capture can be secondary to metabolic 
derangement (commonly acidosis), poor elec-
trode contact, obesity, myocardial ischemia, and 
pneumothorax. 

 Transcutaneous pacing should only be insti-
tuted in the  symptomatic patient  . Initiating pac-
ing in a patient with a stable escape rhythm may 
render that patient pacer dependent with  asystole   
occurring upon loss of capture or termination of 
pacing. The limitations of external pacing are 
reliability and the need for continuous sedation 
and control of pain from skin contact (burning) 
and skeletal muscle contraction. Usual require-
ments would include a  benzodiazepine/narcotic   
combination or use of dexmedetomidine for pro-
cedural sedation. 

 It should be noted that there are limited sce-
narios where pacing is indicated for  asystolic car-
diac arrest  , particularly in the prehospital or 
emergency setting. Randomized trials have failed 
to show survival benefi t in those situations [ 5 ]. 
Temporary external pacing has most success in 
temporary or reversible situations or until a more 
experienced personnel arrive to assist with 
 transvenous wire  insertion  . Attempts at wire 
placement may often prevent or delay delivery of 
effective chest compressions.  

F.P. Mollenkopf et al.



135

16.3     Contraindications 

 The only absolute  contraind  ication is failure to 
get consent from conscious patient. There are a 
number of relative contraindications to transve-
nous pacemaker insertion. Temporary and revers-
ible causes of conduction disorders such as 
myocarditis, drug intoxication, and electrolyte 
disorders should be managed conservatively. 
Patients with profound coagulopathy or those 
receiving thrombolytics should be considered at 
increased risk for complications. These patients 
should be managed transcutaneously or with 
pharmacologic adjuncts if at all possible. In gen-
eral, pacemaker insertion for asystolic and trau-
matic arrest does not seem to be benefi cial. In 
patients with signifi cant hypothermia, bradyar-
rhythmias are frequently present. Hypothermia 
can produce dramatic electrocardiographic 
abnormalities such as QRS widening, PR and QT 
interval prolongation, as well as atrial and ven-
tricular arrhythmias. There are limited data on 
the need or benefi t for treatment of bradycardia 
associated with hypothermia, and there are con-
cerns for terminal dysrhythmias in those patients. 
Lastly, atrial fi brillation, multifocal atrial tachy-
cardia, and signifi cant AV conduction system dis-

ease are relative contraindications to transvenous 
 atrial  pacing, which are not usually considered in 
emergency situations.  

16.4      Pacing Background   

 A basic understanding of pacemaker nomencla-
ture includes the abbreviations for various pacing 
modes. The international NBG fi ve-letter code 
describes pacing capabilities of any device in 
terms of pacing, sensing, and the response to 
sensing as seen in Fig. ( 16.1 ).

   The fi rst three positions relate to all types of 
pacing, with the latter two referring to perma-
nent pacing only. The reader is referred to the 
revised NASPE/BPEG Generic Code for 
Antibradycardia, Adaptive-Rate, and Multisite 
Pacing for a more comprehensive study [ 6 ]. For 
the purpose of single- chamber pacing, we are 
only concerned with four potential combina-
tions of code. The most common mode during 
initial insertion is VOO or asynchronous ven-
tricular pacing with continuous pacing output 
regardless of any cardiac activity. In VVI or 
demand ventricular pacing, ventricular depolar-
ization is sensed by the pacer, and the pacing 

Revised NASPE/BPEG Code for Antibradycardia Pacing*

Position I

Chamber Paced

Position II 

Chamber Sensed

Position III 

Response to 

Sensing

Position IV 

Rate Modulation

0 = None 0 = None 0 = None O = None

0 = None 0 = None T = Triggered R =Rate 

Modulation

V =Ventricle V =Ventricle I = Inhibited -

D =Dual (A + V) D =Dual (A + V) D =Dual (A + V) -

  Fig. 16.1    Revised 
NASPE/BPEG generic 
code for antibradycardia, 
adaptive-rate, and multisite 
pacing.  Source : Adapted 
from PACE 2002; 25: 
260–264       

 

16 Temporary Transvenous Pacemakers



136

output is inhibited or  withheld by the generator. 
Typically this mode might be used in bradycar-
dia, or intermittent heart block or pauses, where 
the patient has some intrinsic rhythm. Similarly, 
in single-chamber pacing leads placed in the 
atrium only, AOO or AAI modes  c  an be 
programmed.  

16.5      Equipment   

 –     Full-body sterile drape, standard sterile per-
sonal protective equipment  

 –   Cardiac monitor (continuous), ECG machine, 
and code cart available  

 –   Vascular sheath (large enough to pass cathe-
ter), typically 6Fr. diameter  

 –   Normal saline for sheath fl ush  
 –   External pacemaker (pulse generator) with 

pacing cable and wire connectors  
 –   New battery in generator for every patient  
 –    Pacema  ker lead appropriate for insertion site     

16.6      Pacemaker Catheters   

 A variety of prepackaged catheter sets are avail-
able. Most critical care and emergency units have 
at least one type of balloon-tipped catheter for 
temporary pacing. Careful review of the packag-
ing will indicate whether the specifi c lead is more 
suitable for SVC or femoral insertion. Typically 
the package includes a single-lumen introducer 
sheath, pacing catheter, pacing wire adapters, and 
protective plastic sleeve. The typical catheter tray 
is shown below, containing the pacing catheter, 
syringe, and adapters that connect to pacing cable 
(Fig.  16.2 ). Note the lead adapters in the center of 
the tray. These are used to adapt the lead to a 
pacemaker cable as seen in Fig.  16.3 . Use of the 
cable provides for less tension on the lead during 
placement and allows an assistant to control 
the pacemaker lead system away from the sterile 
fi eld. The two adapters are packaged in a separate 
envelope in the tray. During the opening of the 
peel-away package, they can be lost in the drapes 

  Fig. 16.2    Pacemaker tray 
with catheter, syringe, and 
adapters in  center        
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or fall on the fl oor. In that event, leads can be 
inserted directly into the pulse generators in some 
models, but may be necessary to connect the 
cable to the pacing lead.

    Catheters are either fl oating (balloon-tipped) 
or semirigid leads. Rigid catheters are used only 
with fl uoroscopic control or with experienced 
operators using echo guidance. Temporary leads 
are bipolar and usually 90–100 cm long, with 
10-cm markings similar to CVP catheters. 
Balloon-infl ated catheters cannot be used in the 
absence of forward fl ow, e.g., asystolic cardiac 
arrest. In that scenario, insertion can be attempted 
without infl ation. At least one company makes 
pulmonary artery catheters with separate pacing 
ports available, but these leads are not regarded 
as stable for the pacer-dependent patient. 

 The pacing leads are 3–5 Fr. in diameter and 
fi t well in a 6 Fr. introducer. Using a much larger 
introducer (8–9 Fr.) may allow blood leakage at 
the proximal entry portion of the introducer and 
increase the risk of vascular complications. Use 
of previously placed larger sheath can be done if 
absolutely necessary, but contamination of the 
pacing lead coupled with the slow leakage of 
blood can quickly lead to infection and possible 
sepsis or endocarditis. 

 Temporary leads are bipolar with the distal tip 
of catheter (negative electrode) in direct contact 
with the heart. The distal or negative lead serves as 

the cathode that delivers the pacing stimulus to the 
heart. The  proximal  electrode is about 1 cm from 
the distal tip and is connected to the  positive  termi-
nal of the pulse generator either directly or by 
bridging cable as shown in Fig.  16.3 . The anode or 
positive electrode is multifunctional. It grounds or 
returns electrical stimulus to the pulse generator 
and is responsible for sensing inherent myopoten-
tials. Bipolar leads as shown in Fig.  16.4a  and  b  are 
much less sensitive to outside electrical mechanical 
interference or EMI in contrast to unipolar  le  ads.

16.7         Pulse Generators   
|(External Pacemakers) 

 A number of pulse generators for external pacing 
are available, and two commonly used devices 
from Medtronic are shown below (Fig.  16.5 ). On 
the right is a single-chamber model and, on the 
left, a dual chamber model. The dual chamber 
model is frequently utilized in postoperative car-
diac surgery patients with epicardial atrial and 
ventricular leads in place. The dual-chamber 
device can be used to pace either in the atrium, 
ventricle, or both chambers as in A–V sequential 
pacing. Dual-chamber pacing is not typically 
used in the emergency situation unless function-
ing wires have been previously positioned intra-
operatively during cardiac surgery.

  Fig. 16.3    Pacemaker 
leads with adapters 
( circles ) and locking 
mechanism ( square ), 
pacing cable       
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   A dial controls the current or electrical output, 
measured in  milliamps  (mA), usually from 0.1 to 
25 (max). A separate dial controls the  rate  and 
another to adjust the  sensitivity  that establishes the 
threshold based on the amplitude of the intrinsic R 
wave required to suppress the pacemaker from 
pacing in VVI mode. Sensitivity is measured in 
millivolts (mV) and determines the size of the car-
diac signal that the generator will recognize. For 
urgent pacemaker insertion, the threshold is set to 
low to allow for  asynchronous  (VOO) or “fi xed-
rate” pacing. Some generators like the dual-cham-
ber device (below left) have an “asynchronous” or 
“emergency” setting exclusively for this purpose. 

 With the sensitivity set high, the generator 
delivers a pulse only when there is no intrinsic 
ventricular depolarization at a set rate or R–R 
interval. This is  demand  (VVI) mode or synchro-
nous pacing. In patients with intrinsic ventricular 
depolarization, this may be optimal after place-
ment to prevent pacing in the vulnerable period 
or “R-on-T”-mediated VT or VF.  

16.8     Insertion 

 Most providers are more comfortable with the 
“blind” or  fl oating-balloon catheter technique   in 
the emergency room or critical care unit. We will 
describe this technique as the preferred method 

as it is generally faster and less complex in the 
absence imaging. 

 Alternatively, fi ve-lead electrocardiography 
(ECG) may be used to guide lead placement in 
the monitored patient. The ECG-guided tech-
nique uses sensing from the distal (negative) 
lead attached to a  precordial lead   on an ECG 
machine to give the operator feedback via wave-
form for catheter position. ECG-guided tech-
nique is feasible albeit somewhat more 
challenging [ 7 ,  8 ].  

16.9     Typical Bedside Insertion 

 After placement of the introducer or sheath, the 
balloon on the pacing lead should be checked for 
leaks with infl ation 1.5-ml air or saline prior to 
insertion. One can check for air leaks easily by 
submerging the catheter tip underwater and 
infl ating looking for bubbles. When infl ated, the 
balloon allows for fl ow-directed insertion and 
protects the  myocardium   by limiting the amount 
of exposed distal lead with the notion of limiting 
the risk of cardiac perforation. 

 The pacing catheter is connected either 
directly to the generator or optimally to the cable 
with pacemaker on at max (20–25 mA) output, 
with least sensitivity ( asynchronous  mode), and 
rate 80–100 or at least 10 bpm greater than 

  Fig. 16.4    ( a ) Bipolar lead tip defl ated. ( b ) Bipolar tip with balloon infl ated ( arrow )       
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  intrinsic rhythm  . All connections need to be 
secured prior to any manipulation. 

 With the balloon defl ated, the catheter is 
advanced through the sheath to at least 15 cm and 
less than or equal to 20-cm mark on catheter and 
then infl ated. The locking mechanism (Fig.  16.3  
square) on the catheter hub is engaged by sliding 
in place to ensure balloon infl ation throughout the 

passage of the catheter. Then advance the catheter 
slowly while the ECG monitor is watched for evi-
dence of capture (Fig.  16.6 , typical fl ow-directed 
pacing catheter). Pacer spikes will be apparent 
and ventricular capture will be achieved when 
catheter touches the endocardium.  Pacer spikes   
are followed by a widened QRS. The balloon 
should be defl ated immediately following capture 

  Fig. 16.5    Pacemaker generators. Dual chamber above  left ; single chamber, above  right        
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to avoid transitioning into the pulmonary out-
fl ow tract. If fl uoroscopic or continuous trans-
thoracic echo available, defl ate the balloon as 
soon as tricuspid valve transitioned or entry into 
RV seen. The wide QRS pattern will be similar 
to a left bundle branch block as the electrode 
contacts the anterior apical wall of the right ven-
tricle (Fig.  16.7 ). On the 12-lead ECG, QRS 
should have LBBB morphology and a superior 
axis (i.e., a negative QRS complex in II, III, and 
AVF) (Fig.  16.8 ).

     If pacer spikes are not seen or there is no ven-
tricular capture evident on monitor, recheck all 

connections as well as battery and consider 
refl oating catheter with balloon infl ated as above. 
One clue indicating electrical failure as opposed 
to inadequate catheter placement may be the 
presence of reproducible PVCs, indicating cath-
eter tip contact the right ventricular endocardium 
without capture. Catheter insertion should always 
be attempted with balloon infl ated to prevent 
ventricular perforation. Only in  asystole   should 
one insert a semirigid lead or catheter with bal-
loon defl ated without fl uoroscopy or continuous 
echographic visualization.  Transthoracic echo 
(TTE)   assessment can identify lead passage from 

The balloon for floatation
inflates all the way up to
the very tip, protecting the
right ventricular wall from
beign accidentally
punctured by this catheter

Balloon port

Electrode plugs

  Fig. 16.6    Typical transvenous pacing catheter in RV       

  Fig. 16.7    Schematic of RV capture as lead contacts endocardium       
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the RA to RV from either the superior or inferior 
vena cava via the subcostal or apical four- 
chamber view using the standard cardiac probe. 
In post-sternotomy patients with exiting chest 
tubes or mechanical assist devices, transesopha-
geal (TEE) echo has successfully assisted and 
verifi ed catheter tip placement in the RV apex. 
Use of echo also allows for diagnosis of potential 
complications such as perforation or impending 
tamponade related to the procedure [ 9 ,  10 ].  

16.10     Placement with ECG 
Guidance 

 An alternative strategy to blind placement of the 
temporary pacemaker wire involves the use of 
ECG guidance. In this case, one can take advan-
tage of the  sensing capability   of the wire and 
allow the physician to monitor the catheter pro-
gression as it moves toward the right ventricle. 
This  technique   involves connecting the distal 
(negative) electrode on the end of the catheter to 
one of the precordial leads of a 12-lead ECG via 
an alligator clip. In essence, this creates a unipo-
lar intracardiac signal or intracardiac ECG. 

Moving through various chambers will create 
unique (polarity and magnitude)  intracardiac sig-
nals   for each chamber including the SVC, RA, 
RV, and IVC. 

 Starting at the SVC, the electrograms of both 
the atrium and ventricle are present with a nega-
tive polarity refl ective of cardiac depolarization 
occurring in the opposite direction. Upon entering 
the right atrium, the atrial signal increases in 
amplitude and becomes larger than right ventricu-
lar activity. Furthermore, intracardiac activity 
demonstrates a positive defl ection (amplitude) 
with further progression toward the IVC or tricus-
pid valve. Crossing into the right ventricle brings 
a dramatic increase in  ventricular amplitude  , 
while atrial signal becomes diminutive. Upon 
touching the endocardial surface, S–T segment 
elevation is noted. Testing for capture threshold 
and defl ating the balloon would then follow. 

 Using ECG-guided wire placement can pro-
vide relevant information when blind placement 
proves to be unsuccessful, and fl uoroscopy is not 
readily available. It can clearly give relative cath-
eter tip position for challenging cases [ 7 ]. 

 After verifying catheter position and achiev-
ing consistent capture, one should try to ascertain 

  Fig. 16.8    12-lead ECG with right ventricular pacing       
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a pacing or capture threshold. This is done by 
slowly reducing the current until failure to cap-
ture is demonstrated. The minimum energy able 
to reduce defi nes capture threshold. Final settings 
should be greater than 2 times the threshold value 
to ensure continued capture. Of note, maintaining 
current output at maximum settings for extended 
periods can potentially lead to early infl amma-
tion and fi brosis at the lead tip, with eventual loss 
of capture. Ideal capture thresholds are typically 
less than 2 mA. If thresholds are excessively 
high, one may contemplate repositioning the 
catheter to a new location. This is particularly 
true if a prolonged period of temporary pacing is 
anticipated. High thresholds can be a refl ection of 
poor  endocardial contact  , making loss of acute 
capture higher or contact with scarred portions of 
the right ventricle. Contemplation of catheter 
repositioning should be weighed with respect for 
the underlying  rhythm  . For patients presenting 
with complete heart block and a ventricular 

escape rhythm, acute pacing therapy often 
 extinguishes any escape rhythm leaving  asystole   
in the absence of pacing. 

 Following successful placement, the catheter 
and sheath should be secured with an external 
loop to prevent dislodgement. Silk or nonabsorb-
able braided suture may be used in at least two 
places with a loop to prevent dislodgement and 
loss of capture. If your institution has chlorhexi-
dine sponges available for central lines, place it 
around sheath exit site and apply dressing accord-
ingly. Chest X-ray (CXR) should be done and 
reviewed immediately following placement to 
identify lead and check for pneumothorax. 
Portable CXR should show catheter tip at the 
anterior-inferior aspect of the  cardiac shadow  , 
usually to the left of the thoracic spine. Bedside 
TTE or TEE ultrasound can be used to verify lead 
tip position which is optimally in anterior RV 
apex (Fig.  16.9 , arrow pointing to lead tip in RV 
apex).

  Fig. 16.9    TPM lead tip in RV apex ( arrow )       
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16.11        Maintenance of  Effective 
Pacing   

 Pacing can be confi gured in either  demand  (sens-
ing) or  asynchronous  (nonsensing) mode. If 
demand (synchronous pacing) is desired, the ven-
tricular  rate  can be set at or below the patient’s 
intrinsic depolarization (heart rate) and  sensitiv-
ity  increased. Appropriate  sensing  can be verifi ed 
by a fl ashing light on the generator. Note that if 
too high, a setting has the potential for inappro-
priate sensing of myopotentials from patient 
movement or other electrical stimuli. 
Occasionally, oversensing can occur from P 
waves or even large T waves. Catheter mainte-
nance should include rechecking of the stimula-
tion threshold as well as the sensitivity. The 
stimulation threshold is a minimal amount of cur-
rent (mA) required to initiate ventricular capture 
or depolarization. This is accomplished by 
increasing the pacer rate over the patient’s intrin-
sic rate approximately 10 bpm, as well as turning 
the sensitivity down. The lowest sensitivity 
effectively ignores any intrinsic signals. The 
EKG on the monitor should show 1:1 capture at 
the rate you have entered (VOO mode). Slowly 
reduce the amount of current or mA until 1:1 cap-
ture is transiently lost. The point at which capture 
is lost is the minimal pacing threshold. Then 
increase the mA at least two times the threshold 
for safety. 

 The sensing threshold checks the pacemaker 
ability to sense or recognize the patient’s intrin-
sic heart rhythm or myopotentials. Appropriate 
sensing of each intrinsic depolarization can be 
verifi ed by the sensing fl ashing light at the top of 
the generator. If the patient is asystolic or has an 
intrinsic rhythm below 30, continue VOO or 
asynchronous mode (which is the maximum sen-
sitivity setting). Do not routinely check sensing 
in that situation as long as each pacing spike is 
followed by ventricular capture. 

 To check sensing threshold, turn the sensitiv-
ity dial counterclockwise toward a higher numer-
ical setting. The sensing light at the top of the 
generator, which fl ashes when sensing, will stop. 
The pacemaker is now less sensitive to the 
patient’s heartbeat. Then turn the sensitivity dial 

clockwise (down) until the sensing light starts 
fl ashing again. This is the sensitivity threshold. 
Set the sensitivity, measured in millivolts (mV), 
at half the sensitivity threshold value obtained. 

 Pacing threshold and sensitivity, as well as the 
catheter insertion length should be recorded 
every shift. When checking for return of any 
underlying rhythm, do not  pause  or suddenly 
stop pacing. Slowly “walk” or decrease rate to 
allow intrinsic  sinus   node or escape rhythm to 
return.  

16.12     Complications 

 Complications can occur in over 20 % of patients 
treated with temporary transvenous pacemaker 
placement [ 11 ]. Complications are broadly 
divided into three main categories:

    I.    Venous access-related complications   
   II.    Electrode catheter-related complications   
   III.    Electrical device-related complications   
   I.    Venous access-related complications: These 

include pneumothorax, hemothorax, and air 
embolism
•     Pneumothorax  : 

 The risk of pneumothorax is directly 
related to the operator experience, site of 
venous access (femoral < IJ access < sub-
clavian access), and number of attempts. 
Most of the time, pneumothorax is small 
and is incidentally detected on chest x-ray. 
Use of non-rebreather oxygen mask helps 
in resolving the pneumothorax by dis-
placing nonabsorbable nitrogen in the 
pneumothorax with absorbable oxygen. 
 Operator must be able to perform a chest 
tube thoracostomy if needed. Tension 
pneumothorax should always be a differ-
ential if hypotension, hypoxemia, or 
pulseless electrical activity is noted dur-
ing the insertion of transvenous 
pacemaker.  

•    Hemothorax  : 
 Hemothorax results from the trauma to 

great vessels. Making sure that the coagu-
lation profi le (PT/PTT/INR/platelet 
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count) is normal or near normal reduces 
the risk of hemothorax. Minimizing the 
number of attempts with appropriate use 
of guidance has also been shown to reduce 
the risk of hemothorax. The posterior 
approach for internal jugular vein can 
reduce both complication rates from 
pneumothorax and also inadvertent inva-
sion of carotid artery.  

•    Air embolism  : 
 Air embolism during the venous access 

is rare but can be a fatal complication. Air 
embolism risk increases with the presence 
of preexisting pulmonary disease. Cough 
maneuver increases the risk of air 
embolism.      

   II.    Electrode catheter-related complications: 
These include perforation, dislodgement, 
diaphragmatic stimulation, malpositioning, 
and catheter-induced arrhythmia [ 12 ,  13 ].
•     Perforation  : Though perforation of great 

vessels, right atrium, or right ventricle is 
rare, this complication can be fatal. 
Usually this complication can be tolerated 
by local auto-tamponade mechanism. It 
manifests clinically as failure to capture 
and failure to sense the pacemaker poten-
tial. Perforation should be suspected with 
sudden loss of capture, new chest or 
shoulder pain, development of pericardial 
friction rub, or rhythmic muscle spasm 
from diaphragmatic or chest wall stimula-
tion [ 14 ,  15 ]. The most serious manifesta-
tion of cardiac perforation is cardiac 
tamponade. Initial suspicion of tampon-
ade should occur by recognition of hemo-
dynamic compromise in the bedside exam 
and is supported by chest radiography 
which shows enlarged cardiac border. 
Bedside echocardiogram is confi rmatory. 
Treatment with emergent pericardiocen-
tesis is warranted if signs of tamponade 
such as diastolic collapse are present. 
Very small effusions can sometimes be 
monitored with serial echo.  

•    Electrode catheter displacement  : This 
usually occurs in fi rst 24–48 h post- 
implantation and is seen in 2–5 % of 

implants. Electrode catheter displacement 
is manifested as intermittent undersens-
ing or loss of capture on telemetry. This 
complication can be resolved by electrode 
catheter repositioning or replacement and 
properly securing the electrode catheter in 
place.  

•    Diaphragmatic stimulation  : This compli-
cation occurs secondary to phrenic nerve 
irritation. Proper position of the electrode 
catheter resolves this complication. 
Decreasing the mA to appropriate levels 
may reduce stimulation.  

•    Electrode catheter malpositioning  : 
 This complication leads to unaccept-

able pacing and sensing thresholds. The 
presence of atrial or ventricular septal 
defects can allow for left heart malposi-
tion of the electrode catheters. Ventricular 
electrode catheters are more prone for the 
left heart malposition of the catheters. If a 
right bundle branch pattern is detected on 
telemetry, left-sided ventricular lead posi-
tion should be excluded. Likewise, 
intended ventricular wire can fail to tra-
verse the atrium or even enter the coro-
nary sinus. In patients with previous 
tricuspid annuloplasty or repair, it may be 
impossible to place catheter without fl uo-
roscopy. It’s considered a relative contra-
indication to placement in those patients. 
Proper ECG-guided and fl uoroscopy- 
guided electrode catheter repositioning 
may resolve this complication.  

•    Catheter-induced arrhythmia  : 
 Atrial and ventricular arrhythmias are 

rare complications and can be resolved by 
repositioning of the electrode catheters. 
An extremely irritable myocardium may 
be amenable to treatment with antiar-
rhythmic agents; however pacing thresh-
olds may increase with drugs such as 
amiodarone. Sustained VT or ventricular 
fi brillation can occur, and external defi -
brillator should be immediately available. 
Transient atrial tachyarrhythmia or new 
right bundle branch block has been 
reported. Particular care should be used 
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when placing a temporary pacemaker 
wire blindly in a patient with LBBB as 
manual pressure along the right bundle 
branch can cause marked  asystole   and 
recovery can be  absen  t for hours.      

   III.    Complications related to the electrical per-
formance of the pacemaker electrode cathe-
ter and the generator: This complication 
usually manifests as failure to sense and fail-
ure to capture.
•     Failure to capture  : Here the pacemaker 

stimulus is present, but the depolarization 
and resultant contraction of the atrium or 
ventricle is absent. Causes of failure to 
capture can be multifold. Poor endocar-
dial contact, lack of functioning myocar-
dium at electrode catheter contact site due 
to local myocardial necrosis, electrode 
catheter dislodgement and electrode cath-
eter fracture, generator-lead connection 
problems, generator malfunction, and 
battery depletion are some of the causes 
of failure to capture. Hypoxia, acidosis, 
and electrolyte imbalances can cause and 
aggravate the problem of failure to cap-
ture. Correction of underlying derange-
ment solves this  com  plication.  

•    Failure to sense  : Failure of pacemaker 
circuit to sense intrinsic P or R waves 
leads to this complication. Generator and 
battery malfunction, electrode catheter 
displacement, electrode catheter fracture, 
and inadequate cardiac signal due to local 
myocardial necrosis manifest as failure to 
sense. Correction of underlying problem 
is vital for resolving this complication.       

16.13       Summary 

 Our chapter is an overview of the bedside proce-
dure associated with the insertion of a potentially 
lifesaving modality. It is by no means a complete 
background on identifi cation of abnormal 
rhythms, pacing modes, or chronic pacemaker 
maintenance. It is extremely important for pro-
vider contemplating pacemaker insertion to 
familiarize oneself with the type of leads, pulse 

generators, and connectors available in each ICU 
and have a thorough background in venous 
access. It is not unreasonable to establish internal 
jugular or subclavian access with an appropriate-
sized sheath in a controlled fashion preemptively 
to provide straightforward access should the need 
arise. As previously mentioned, correction of all 
possible reversible causes of heart block or bra-
dycardia will be treated aggressively to prevent 
unnecessary exposure to potential complications. 
Immediate follow-up with chest radiographs fol-
lowing insertion, as well as access to bedside 
echo to evaluate for pericardial effusion, will 
ensure prompt treatment of problems associated 
with the procedure. 

 The provider should consider reviewing 
 videos that are available as well as visit to the 
cardiac catheterization laboratory or electro-
physiology lab to view pacemaker wire insertion 
in a controlled fashion [ 16 ,  17 ]. Finally, nurses 
in the postop cardiac ICU have extensive experi-
ence with temporary epicardial pacemakers, 
often managing and maintaining dual- chamber 
devices. It’s highly recommended that you spend 
time with some nursing staff at the bedside and 
review temporary dual-chamber leads and the 
devices used in the perioperative surgical 
setting.     
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      The Intra-aortic Balloon Pump                     

     Gerardina     Bueti       and     Kelly     Watson    
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       The intra-aortic balloon pump (IABP) has been 
widely used in critical care medicine for the man-
agement of intractable unstable angina and  car-
diogenic shock   [ 1 ]. With continued advancements 
in the technology, the IABP is the most com-
monly used  mechanical cardiac assist   device in 
critically ill patients [ 2 ]. The National Center for 
Health Statistics data reveals that over 37,000 
intra-aortic balloon pumps were placed in the 
United States in 2004 and had increased to more 
than 130,000 by 2010 [ 3 ].

17.1        Device Contents   

 The pump consists of a polyethylene balloon 
attached to a double lumen 8 Fr to 9.5 F catheter 
[ 1 ] (Fig.  17.1 ). Typically, a 34 cm 3  or 40 cm 3  bal-
loon is used and is dependent on the patient’s 
body surface area (BSA) [ 4 ]. The external lumen 
is the fi lling chamber, infl ated with helium or 
CO 2  [ 1 ,  5 ]. The balloon diameter when fully 
expanded should not exceed 80–90 % of the 
patient’s descending aorta [ 1 ]. The extracorpo-
real components include an electronically con-

trolled pump with a valve in continuity with a 
pressurized gas source [ 6 ].

   The catheter is connected to an external con-
sole (Fig.  17.2 ) and is synchronized to the heart 
using electrocardiogram (EKG) signals with the 
QRS phase or the central aortic pressure gener-
ated from a transducer at the tip of the balloon 
[ 7 ]. CO 2  is more soluble in blood which reduces 
the risk of embolism in the event of balloon rup-
ture; helium is the most commonly used gas due 
to its decreased density allowing for more effi -
cient fi lling  a  nd emptying times [ 8 ].

17.2        Principles of the IABP 

 Success of IABP therapy relies on augmentation 
with the  systolic and diastolic phases   to optimize 
the physiologic benefi t of the cardiac support [ 6 ], 
synchronized by EKG or blood pressure [ 8 ]. 
Balloon infl ation initiates with the onset of dias-
tole which corresponds with the middle of the T 
wave; the peak of the R wave corresponds with 
the beginning of LV systole and the balloon 
defl ates (Fig.  17.3 ) [ 1 ].

   If cardiac arrhythmia such as  atrial fi brillation   
occurs, the EKG may cause inconsistent balloon 
infl ation (Fig.  17.4 ). The systemic arterial wave-
form may be used for augmentation: the IABP is 
adjusted to infl ate after aortic valve closure 
 correlating with the dichrotic notch and to defl ate 
prior to the aortic valve opening, correlating with 
the systolic arterial upstroke (Fig.  17.5 ) [ 1 ].
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Balloon 

Central LumenProximal Marker

Gas Lumen 

Sheath Seal

Protective Sleeve

Y-fitting

Extracorporeal
Tubing

Catheter Extender
Tubing

Distal Marker  Fig. 17.1    Contents of the 
intra-aortic balloon pump 
kit (Courtesy of Maquet 
Holding B.V. & Co. KG, 
Rastatt, Germany)       

Infusion Bag
500ml sterile IV solution

Connection to IAB 
Catheter Extender 

Continuous Flushing Device

To arterial pressure input

Maintained at 300mmHg & 
3 ft. Above Transducer 

Pressure tubing
Max. 8 ft. length

  Fig. 17.2    The IABP console; the pressure system between the IABP and the Console. (Courtesy of Maquet Holding 
B.V. & Co. KG, Rastatt, Germany)       

  Table 17.1    Supplies needed for IABP  removal     

 2 % chlorhexidine swab  Tegaderm 

 Sterile gloves and scissors  Appropriate PPI 

 Sterile gauze  Femoral artery pressure device (institution dependent) 
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  Fig. 17.3     Arterial 
pressure waveform   as seen 
on the IABP monitor       

  Fig. 17.4    Intra-aortic balloon pump  dyssynchrony   on EKG sensing [ 1 ]       

  Fig. 17.5    Demonstration 
of IABP augmentation 
with EKG       
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    Physiologically, the early diastolic phase cor-
responds with the aortic valve closing to  counter-
pulsate blood   through the coronary arteries, 
increasing diastolic pressure [ 9 ]. This also allows 
for increased stroke volume and cardiac index, 
decreased pulmonary capillary wedge pressure 
and lower total pulmonary vascular resistance 
and left atrial and left ventricular end-diastolic 
pressure (LVEDP) [ 9 ]. During systole, the bal-
loon defl ates to generate a negative pressure to 
drive blood forward through the aorta. This func-
tion reduces afterload and augments the  left ven-
tricular (LV) function   (Fig.  17.6 ).

   Trigger and timing is managed from the cen-
tral console (Fig.  17.7 ). Balloon infl ation triggers 
can be set from blood pressure or EKG tracing 
with the function to change infl ation to defl ation 
ratios from 1:1 to 3:1 support depending on the 
patient’s hemodynamic stability.

   Perfusion is improved distal to the IABP into 
the mesentery and lower extremities. Ultimately, 
cardiac output is improved due to decreased sys-

temic vascular resistance and reduction of the 
duration of isovolumetric contraction [ 8 ].  

17.3     Indications 
and Contraindications 

 Approximately 10–15 % of patients undergoing 
cardiac surgery receive an IABP to reduce intra-
operative risk or in the setting of complications 
coming of cardiopulmonary bypass (CBP) [ 5 ]. 
The use of IABP on patients undergoing high- 
risk cardiac surgery or IABPs is typically inserted 
in patients who fall into three different groups:

    1.    Increase diastolic coronary perfusion   
   2.     Afterload reduction     
   3.    Prophylaxis for hemodynamic stabilization    

  There are few contraindications for intra- aortic 
balloon pump where fatal outcomes may occur: 
known  aortic dissection   where instrumentation to 

  Fig. 17.6    ( a ) IABP infl ation during diastole, ( b ) IABP defl ation during systole       
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the lumen may cause exacerbation, aortic insuffi -
ciency, severe peripheral vascular calcifi cation, or 
intolerance of anticoagulation [ 5 ].  

17.4     Placement 

 Approximately two thirds of the IABP insertions 
in the United States occur in the cardiac catheter-
ization lab using fl uoroscopy guidance, one 
fourth are placed in the operating room, and the 
remaining are occurring at bedside in the 
Intensive Care Unit setting [ 10 ]. Placement of the 
IABP is most commonly achieved through the 
femoral artery via  percutaneous Seldinger tech-
nique   in the right femoral artery [ 3 ]. Ideally, 
pulses at the common femoral artery and distal 
throughout the leg should be assessed and 
recorded before balloon insertion. If there is con-
cern for vascular compromise prior to balloon 
placement, alternate approaches should be con-
sidered (i.e., axillary artery). The femoral punc-
ture site should be above the femoral bifurcation 

and below the inguinal ligament to avoid injury 
of the inferior epigastric artery and reduce the 
likelihood of retroperitoneal hemorrhage [ 10 ]. 

 Steps to Insertion:

    1.    After the femoral pulse has been identifi ed, 
the procedural area is prepped and draped.   

   2.    An introducer needle or micropuncture nee-
dle is used to puncture the  femoral artery  . 
Ultrasound guidance may be used to identify 
the femoral artery if pulsation is weak or 
body habitus poses a challenge. If the patient 
has a palpable femoral pulse, the typical 
landmark for the femoral artery is one third 
the distance from the anterior superior ileac 
spine to the pubic symphysis.   

   3.    Once arterial access has been identifi ed 
(Fig.  17.8 ), evident by bright red pulsatile 
blood fl ow through the  needle lumen   
(Fig.  17.9 ), a long guide wire is introduced. 
If a micropuncture kit is used, the smaller 
guide wire will introduce a small catheter 
(Fig.  17.10 ), to provide stability for 

  Fig. 17.7    The IABP main console       
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  Fig. 17.8    Using the introducer needle to gain access to the femoral artery       

  Fig. 17.9    Draw back from the femoral artery puncture site to confi rm placement within the lumen       

 

 

 

 

G. Bueti and K. Watson



153

 introduction of the longer intra-aortic bal-
loon pump guide wire.

         4.    Fluoroscopic guidance (cardiac catheteriza-
tion lab) or transesophageal echocardiogram 
(TEE) is used to identify proper positioning of 
the guide wire distal to the left subclavian 
artery.   

   5.    A small incision is made with the protractor 
blade at the guide wire exit site from the skin 
to allow for the introduction of the dilators 
into the tissue.   

   6.    A series of 2–3 dilators are used to increase 
the diameter of the incision (Fig.  17.11a ) and 
decrease the tissue resistance when advanc-
ing the fl exible tip of the balloon pump cath-
eter (Fig.  17.11b ).

       7.    The catheter and polyethylene balloon are 
passed through the  femoral artery   lumen 
over the guide wire into the descending tho-
racic aorta with the intended positioning of 
1–2 cm below the origin of the left subcla-
vian artery (Fig.  17.12 ).

       8.    Proper positioning can be confi rmed by 
direct visualization using fl uoroscopy or 

transesophageal echocardiography. Radio-
gra phic confi rmation of post-procedure posi-
tion is common practice if placed in the ICU 
setting (Fig.  17.13 ).

       9.    The balloon tip should be identifi ed distal to 
the aortic arch, approximately 1–2 cm inferior 
to the left subclavian artery (Fig.  17.14 ) [ 3 ].

       10.    The IABP is sutured into place. Once proper 
placement is achieved, the device should be 
sutured in place at the level of the skin with 
2–0 or 3–0 vicryl or nylon suture. A sterile 
chlorhexidine dressing is placed at the inci-
sion site (Fig.  17.15 ).

       After any reposition of the balloon, repeat 
radiographic confi rmation of positioning should 
be obtained. The closer the balloon is positioned 
to the  aortic valve  , the greater increase in  diastolic 
pressure; therefore, proper positioning can affect 
hemodynamics and balloon augmentation [ 11 ]. 
An IABP that is placed too distal can impair renal 
blood fl ow, leading to various other  complications, 
including acute kidney injury, mesenteric isch-
emia, and lower extremity hypo perfusion inju-
ries [ 12 ].  

  Fig. 17.10    Passing the fi rst guide wire through the introducer needle into the  femoral artery         
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17.5     Post-procedural Care 

 The patient is maintained in the supine position, 
to decrease dislodgement and intraluminal dam-
age, which can prove challenging in patients 
who are alert and extubated. If the patient 
attempts to move their leg, intimal damage to the 
aorta may occur by the balloon tip. Digital isch-

emia is the most common complication of 
indwelling balloons and occurs in 10–15 % of 
patients [ 12 ]. Monitoring of distal pulses with 
manual palpation or Doppler (popliteal, dorsalis 
pedis, and posterior tibial arteries), skin color, 
temperature, and capillary refi ll should be per-
formed on an hourly interval. Comparison with 
the opposing leg can provide insight of baseline 
temperature and skin turgor [ 12 ]. Additionally, 
the site should be monitored periodically for 
signs of infection, although this is rare. Among 
patients enrolled in the Benchmark 
Counterpulsation Outcomes Registry, the risk of 
surgical site infection in patients who underwent 
IABP placement for myocardial infarction (MI) 
was reported as 0.1 % [ 3 ]. 

17.5.1      Anticoagulation   

 Anticoagulation with unfractionated heparin is 
the current standard of care to decrease the risk of 
catheter-associated thrombosis. Monitoring of 
anticoagulation is achieved with interval mea-
surement of activated partial thromboplastin 
times (APTT), with a goal of 50–70 s as the 
widely accepted range [ 1 ]. In order to reduce the 
risk of arterial thrombosis, it is important to 
ensure that balloon remains cycling to prevent 
hemostasis [ 13 ].  

  Fig. 17.11    Using 
 Seldinger technique   to 
sequentially dilate the skin 
and femoral artery ( a ) left 
( b ) right       

  Fig. 17.12    Advancing the IABP over the guide wire into 
the descending aorta       
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17.5.2     Pharmaceutical Support 
and Arrhythmia  Management   

 As a mechanical circulatory assist device, the pri-
mary goal of the IABP is augmentation and car-
diac output support. [ 3 ] The effi cacy of the IABP 

depends on the extent of heart failure and native 
cardiac output, for this reason, the use of the bal-
loon is concomitant with the use of inotropic and 
vasopressor support. [ 3 ,  14 ] Optimal hemody-
namics can be achieved with the use of both α- 
and β-adrenergic agents. Simultaneous use 

  Fig. 17.13    The IABP tip 
properly positioned 
between the second and 
third  intercostal spaces         

  Fig. 17.14    Proper 
positioning of the balloon 
tip distal to the left 
subclavian artery       
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allows for additional support of mean arterial 
pressure in patients with heart failure and cardio-
genic shock. Drugs that target α-agents may be 
especially benefi cial because they improve blood 
pressure through peripheral vasoconstriction, 
affecting arterial compliance and increasing bal-
loon effectiveness [ 14 ]. 

 Arrhythmia management is imperative for opti-
mal functioning of the IABP and cardiac function 
as arrhythmias affect  ba  lloon timing [ 14 ].   

17.6     Troubleshooting 

17.6.1      Timing Errors   

 To achieve maximal benefi t of the IABP, it is 
essential that the balloon timing is properly func-
tioning. Late infl ation or early defl ation can lead 
to suboptimal augmented stroke volume or 
decreased peak diastolic velocity [ 3 ], decreasing 
counterpulsation of blood through the coronary 
arteries and pulsation to the distal arteries. Issues 

with timing typically occur with arrhythmias or 
tachycardia, when the IABP is set to trigger in 
ECG mode with the descending slope of the T 
wave, marking the onset of diastole triggering 
balloon infl ation.  

17.6.2     Loss of  Trigger   

 Loss of trigger occurs if the console cannot iden-
tify the R wave of the ECG tracing (Fig.  17.16 ). 
Troubleshooting includes:

     1.    Changing the ECG leads and cables   
   2.    Adjusting the ECG gain or fi lter   
   3.    Slaving the ECG tracing from the patient 

monitor   
   4.    Using pressure triggering [ 13 ]    

  The IABP console has predetermined algo-
rithms able to recognize pacemaker spikes that 
replace the QRS complexes of temporary or per-
manent pacing leads; however, the blood pres-
sure triggering function should  b  e used.   

17.7     Complications Associated 
with IABPs 

 As a mechanical circulatory support device, the 
 IABP   has proven to provide temporary hemody-
namic support when appropriate. As IABP is an 
invasive device, there can be potential complica-
tions including vascular, hematologic, and 
mechanical diffi culties. Female gender, periph-
eral vascular disease, BSA (<1.65 m 2 ), and age 
≥75 years old remain the most common indepen-
dent predictors of serious adverse events [ 10 ]. 

17.7.1      Thrombocytopenia 
and Bleeding   

 The most frequently reported complication asso-
ciated with IABP use is thrombocytopenia, 
defi ned by a serum platelet count below 150,000/
mcl [150 x 109/L], or a 50 % or greater reduction 
in baseline platelet count, compared with labs 

  Fig. 17.15    The IABP sutured into place with an occlu-
sive dressing over the access site       
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prior to placement, occurring in 47–82 % of 
patients with the device [ 15 ]. Thrombocytopenia 
can lead to major bleeding and subsequent com-
plications. The assumed cause of thrombocyto-
penia occurs as a result of the mechanical action 
of the device causing destruction of circulating 
platelets, in combination with routine use of hep-
arin infusions [ 15 ]. As a result, it is important to 
check platelet counts at least daily or at increased 
intervals if there is clinical suspicion for bleed-
ing. Although thrombocytopenia can lead to clin-
ically signifi cant bleeding, a large multicenter 
study has shown that thrombocytopenia was not 
an independent predictor of major bleeding or in 
hospital mortality [ 15 ].  

17.7.2     Vascular 

 The most common complications relating to  vas-
cular   issues include limb ischemia, arterial dis-
section, and thromboembolic complications [ 16 ]. 
Among patients enrolled in the benchmark intra- 
aortic balloon pump study, 2.9 % of patients had 
evidence of limb ischemia [ 10 ]. Overall compli-
cation rates were reported as 7 %, most com-
monly in females and diabetics due to smaller 
femoral arteries [ 3 ].  

17.7.3      Balloon Leak   

 Given the design and function of the balloon, a 
potential but rare complication is an external 
luminal gas leak reported in about 1 % of patients 
[ 10 ]. IABP devices are programmed with gas 
leak alarms that will pause the device if a leak is 
suspected. Visible blood in the gas line also 
implies that there has been a balloon leak. If a 
leak has been suspected, the gas line should be 
clamped or disconnected, and the balloon should 
promptly be removed [ 13 ].  

17.7.4      Removal   of the IABP 

 Planned weaning and removal of IABP support 
can be initiated when the following variables are 
met:

    1.    Cardiac index (CI) is greater than 
2.0 L/min/m 2 .   

   2.    A decrease in CI of less than 20 % when the 
IABP is weaned.   

   3.    Inotropic support is minimal.   
   4.    Urine output is great than 30 ml/h.   
   5.    Heart rate is less than 100 beats/min.   
   6.    Absence of angina.   

  Fig. 17.16    Loss of IABP trigger and waveform on the main console monitor       

  

17 The Intra-aortic Balloon Pump



158

   7.    Fewer than six ectopic ventricular beats/min.   
   8.    No evidence of systemic hypoperfusion 

[ 12 ,  13 ].     

 Assuming that the patient does not have any 
urgent indications for removal, it is a common 
practice to wean the device by starting to wean 
the infl ation ratio. Decreasing the frequency of 
IABP cycling allows for the observation of the 
performance patient’s cardiac output. Typical 
weaning starts with 1:1, 2:1, and fi nally 3:1. 
Close monitoring occurs as the infl ation ratio is 
decreased to determine if the patient can tolerate 
a lower infl ation ratio without signifi cant change 
in hemodynamics. 

 In elective removal, the therapeutic heparin 
should be held for greater or equal to 2 h prior to 
IABP removal [ 1 ]. Urgent removal is indicated 
when there is a concern for limb ischemia, for 
thrombosis, loss  of   peripheral pulses, or a bal-
loon leak.  

17.7.5     Removal 

 For Devices Placed Percutaneously 
 Most patients with an IABP had the device 

placed preoperatively via a percutaneous tech-
nique. These should be removed percutaneously 
with the removal process the same whether 
placed with or without introducer sheaths. 
Assuming that the patient has remained hemody-
namically stable after the completion of the 
weaning trial, and the appropriate  inotropes and 
vasopressors   have been titrated, this is a rela-
tively routine procedure in the Intensive Care 
Unit setting. Before the balloon is removed, it is 
essential to check coagulation studies and  plate-
let count   with the following coagulation parame-
ters INR < 1.5, platelets > 50, 000. 

 The following supplies should be available for 
the removal of the IABP:

    1.    Ensure that all the supplies are in the room 
and the bedside nurse or another assistant are 
available to fi nd additional supplies or assis-
tance if required. Those involved in the pro-

cedure should wear proper personal 
 protective equipment  .   

   2.    Removal with two people is adventitious as 
one person is able to hold distal pressure, 
while another can hold proximal pressure; 
however, this can be performed with an 
experienced single provider.   

   3.    It is recommended that a time-out be per-
formed to confi rm patient identity and type 
of procedure to be performed.   

   4.    If institutional guidelines recommend the 
use of a  femoral artery   pressure device, 
ensure that the “belt” has been placed under 
that patient before the balloon is removed so 
as not to disrupt manual pressure and hemo-
stasis. The belt is positioned around the pel-
vis to allow the compression portion of the 
device is centered just above the skin inser-
tion site (to place maximal pressure at the 
insertion site).   

   5.    Transition the patient to the supine position, 
with all bedside monitoring devices on and 
positioned so that all members of the team 
are able to view the vital signs throughout 
the procedure.   

   6.    Patient comfort should be assessed prior to 
the balloon pull with adequate parenteral or 
oral analgesia or sedation administered as 
needed.  Local anesthetic use   is variable.   

   7.    Pressure should be applied to both proximal 
and distal points pertaining to the insertion 
site on the skin. A femoral pulse proximal 
and distal to the balloon site should be pal-
pable. In obese and morbidly obese patients, 
the femoral pulse may be diffi cult to fi nd. If 
a large pannus is occluding the insertion site 
or distorting normal anatomy, it can be 
adventitious to secure away from the proce-
dural fi eld using silk tape. If the pulse is still 
not palpable, use general anatomic landmark 
to estimate where the femoral artery courses. 
Pulses may not be palpable in patients with 
other  mechanical circulatory device   support 
such as a left ventricular assist device 
(LVAD) as native pulsatility may be poor 
due to a low ejection fraction and low car-
diac output state.   
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   8.    The dressing should be removed from the 
insertion site and cleaned with a 2 % 
 chlorhexidine solution   (or equivalent), and 
any securing sutures are clipped and 
removed. Patients with an introducer sheath 
may have an additional stitch placed around 
the introducer catheter.   

   9.    At the time of IABP removal, the device 
should be stopped, and the balloon catheter 
is disconnected from driveline.   

   10.    The catheter should be removed slowly, until 
the proximal tip of the sheath is removed. 
Allow for a period of 1–2 s for  arterial bleed-
ing   out of the insertion site, to evacuate any 
thrombi that have formed at the exit site.   

   11.    Distal pressure should be applied, to decrease 
the risk of thrombi being displaced distally, 
followed by proximal manual pressure 
occluding arterial blood fl ow.  Sterile gauze   
should be used to wipe the insertion site. 
This should be done periodically while 
 pressure is being maintained to ensure 
hemostasis.   

   12.    The distal pulses should also be frequently 
monitored for distal perfusion.   

   13.    Pressure should be held for 30 min to ensure 
hemostasis. A sterile dressing is applied. If a 
compression device is planned, this should 
be placed over the dressing and secured. Use 
of a compression device varies among 
institutions.   

   14.    The patient should be closely monitored 
after IABP removal. The patient should 
remain supine for 2 h and should be assessed 
periodically for hematoma formation, bleed-
ing, and monitoring of distal perfusion, as 
25 % of adverse events occur after the IABP 
has been removed [ 3 ].      

17.7.6      Surgical Removal   

 When the IABP has been inserted intraopera-
tively via a femoral cutdown, or an arterial aneu-
rysm or pseudoaneurysm is suspected, the IABP 
should be removed in an operating room setting 

with capabilities for open or percutaneous arte-
rial repair. Surgical closure may be preferable in 
patients who are severely obese, have evidence of 
coagulopathy, or have prolonged IABP indwell-
ing times [ 3 ].      

   References 

            1.    Trost JC, David Hillis L. Intra-aortic balloon counter-
pulsation. Am J Cardiol. 2006;97:1391–8.  

    2.    Baskett RJ, Ghali WA, Maitland A, Hirsch GM. The 
intraaortic balloon pump in cardiac surgery. Ann 
Thorac Surg. 2002;74:1276–87.  

             3.   Zoltan G, Turi SKT. Intra-aortic balloon counterpulsa-
tion.   http://clinicalgate.com/intra-aortic-balloon-coun-
terpulsation/    . Retrieved 26 May 2016.  

    4.    Ben Bridgewater SYS. The intra-aortic balloon pump. 
Surgery. 2008;26:489–90.  

      5.   Igor Gregoric CAB. Current types of devices for 
mechanical circulatory support. Elsevier Inc; New 
York, NY, USA 2012.  

     6.    Jay K, Bhama RLK, Gleason TG. Mechanical support 
in cardiogenic shock. 6th ed. Philadelphia, PA: 
Saunders; 2011.  

    7.    Stenz R. Intra-aortic counterpulsation. Anaesthesia 
Intensive Care Med. 2006;7:335–6.  

      8.   Joseph L. Weidman, Michael G. Fitzsimons, 
FCCP. Circulatory assist devices. 5th ed. Elsevier Inc; 
2013.  

     9.    Igo SR, Hibbs CW, Trono R, et al. Intra-aortic balloon 
pumping: theory and practice. Experience with 325 
patients. Artif Organs. 1978;2:249–56.  

        10.    Ferguson III JJ, Cohen M, Freedman Jr RJ, et al. The 
current practice of intra-aortic balloon counterpulsa-
tion: results from the Benchmark Registry. J Am Coll 
Cardiol. 2001;38:1456–62.  

    11.    Parissis H. Haemodynamic effects of the use of the 
intraaortic balloon pump. Hell J Cardiol HJC (Hellenike 
kardiologike epitheorese). 2007;48:346–51.  

       12.   Bojar RM. Manual of perioperative care in adult car-
diac surgery. 4th revised ed. Malden, MA: Wiley- 
Blackwell; 2004.  

       13.   Beca J. Mechanical cardiac support. Cardiothoracic 
critical care. Amsterdam: Elsevier; 2007.  

      14.    Papaioannou TG, Stefanadis C. Basic principles of 
the intraaortic balloon pump and mechanisms affect-
ing its performance. ASAIO J. 2005;51:296–300.  

      15.    Roy SK, Howard EW, Panza JA, Cooper HA. Clinical 
implications of thrombocytopenia among patients 
undergoing intra-aortic balloon pump counterpulsa-
tion in the coronary care unit. Clin Cardiol. 
2010;33:30–5.  

    16.    de Waha S, Desch S, Eitel I, et al. Intra-aortic balloon 
counterpulsation—basic principles and clinical evi-
dence. Vascul Pharmacol. 2014;60:52–6.      

17 The Intra-aortic Balloon Pump

http://clinicalgate.com/intra-aortic-balloon-counterpulsation/
http://clinicalgate.com/intra-aortic-balloon-counterpulsation/


   Part IV 

   Thoracic Procedures        



163© Springer International Publishing Switzerland 2016 
D.A. Taylor et al. (eds.), Interventional Critical Care, DOI 10.1007/978-3-319-25286-5_18

      Thoracentesis                     

     Brian     K.     Jefferson       and     Alan     C.     Heffner    

  18

18.1           Introduction 

  Pleural effusions   accumulate due to an imbalance 
of production and absorption of pleural fl uid. 
Thoracentesis serves to remove accumulated 
fl uid from the pleural space via a needle or  cath-
eter  . With approximately 173,000 procedures 
performed annually [ 1 ], thoracentesis may be 
divided into two categories based on the primary 
goal of the procedure. Diagnostic thoracentesis 
entails sampling of fl uid for purposes of labora-
tory analysis. Therapeutic thoracentesis aims for 
larger  fl uid removal   to achieve symptomatic and 
functional improvement. Thoracentesis most 
often serves both purposes simultaneously [ 2 ]. 
This chapter focuses on the indications, anatomy, 
technique, complications, and post-procedure 
management of needle or catheter-facilitated 
thoracentesis.  

18.2     Indications 

 The primary goal of thoracentesis is the removal 
of  fl uid   from the pleural space, which is typically 
diagnosed by chest radiograph, ultrasound, and/
or computed tomography (Figs.  18.1  and  18.2 ). 
Diagnostic sampling enables characterization of 
the fl uid to assist in determining the underlying 
disease process (Table  18.1 ). Therapeutic thora-
centesis aims to improve  cardiorespiratory func-
tion  . Accumulating effusion compresses the 
affected lung with an impact on gas exchange and 
respiratory mechanics. Patient response varies 
with effusion size, rate of accumulation, and 
physiologic reserve. For patients on mechanical 
ventilation, worsening extrapulmonary compli-
ance is manifested in elevated inspiratory pres-
sures. Hemodynamic compromise is a late sign 
that may be associated with large  pleural effu-
sions  . One fi nal therapeutic indication for thora-
centesis is infection source control in the context 
of parapneumonic effusion and empyema.

18.3          Contraindications 

 Necessity of an immediate alternative procedure 
such as open thoracostomy or thoracotomy is the 
only absolute contraindication to thoracentesis. 
However few relative contraindications warrant 
consideration, including clinically important 
 coagulopathy. Clear thresholds of coagulopathy 
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pertinent to thoracentesis bleeding risk remain 
undetermined. Similar to many minimally inva-
sive procedures,  bleeding risk   is often overesti-
mated, and we recommend against empiric 
coagulopathy reversal. Safe thoracentesis per-
formed by experienced providers in patients with a 
protime INR > 1.5 and/or a platelet count 
<50 × 10 9 /l is well documented [ 3 ]. Likewise it can 
be performed safely in patients undergoing anti-
platelet therapy [ 4 ]. Brief discontinuation of sys-
temic heparin anticoagulation should be based on 
the  thrombotic risk   associated with withholding 
anticoagulation but is generally recommended. 

 Increased risk of lung puncture in patients on 
mechanical ventilation is a common concern. 
However, there is no direct evidence that 
mechanical ventilation poses additional risk of 
pneumothorax [ 5 ].  

18.4     Procedural Equipment 

 Equipment preparation is key to success. For 
diagnostic thoracentesis, a 3 cm, 21 gauge nee-
dle, 100 ml syringe, skin cleansing solution, and 
equipment for  local anesthesia   are essential sup-
plies (Fig.  18.3 ). Spinal needles or longer 
 procedure needles may be required to reach the 
pleural space in some patients. Therapeutic tho-
racentesis requires additional supplies 
(Table  18.2 ). Prefabricated commercial kits are 
also available with all necessary equipment.

  Fig. 18.1     Pleural effusion   via chest radiograph       

  Fig. 18.2    Pleural effusion via ultrasound       

   Table 18.1    Etiology of pleural effusions   

  Transudative     Exudative   

 Congestive heart failure  Infections (bacterial, viral, 
fungal, TB) 

 Liver cirrhosis  Postsurgical effusions 

 Hypoalbuminemia  Pulmonary embolism 

 Nephrotic syndrome  Collagen vascular disease 

 Pericardial disease  Abdominal disease/
pathology 

 Myxedema  Chylothorax 

 Amyloidosis  Hemothorax 

 Atelectasis/trapped lung 

  Thomas and Lee [ 20 ]  
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  Fig. 18.3     Equipment   
for thoracentesis       

   Table 18.2    Equipment for thoracentesis   

 Sample equipment for diagnostic thoracentesis 

 IV access  Marker for marking insertion point 

 Sterile gloves  Sterile towels and/or drape 

 Antiseptic solution (iodine, chloraprep, etc.)  Sterile 4 × 4 gauze pads 

 1 or 2 % lidocaine  Small needle for local anesthesia (23–25ga) 

 Catheter over needle assembly: 18 or 20 ga, 2 in. long  10 ml syringe for local anesthesia 

 Three way stopcock  Sterile 60 ml syringe 

 Pulse oximetry capability  Bedside table with pillow 

 CBC and chemistry tubes (two of each)  Anaerobic/aerobic culture bottles 

 Fungal and tuberculosis tubes  Emergency equipment available (ACLS, tube 
thoracostomy equipment) 

 Sample equipment for therapeutic thoracentesis (in addition to the above) 

 18 gauge needle  Vacutainers or evacuated bottles (at least 1 l) 

 Drainage tubing for evacuated bottle 

  Wiegand [ 21 ], Thomsen et al. [ 16 ]  
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      Thoracic Ultrasound       While thoracentesis has 
been practiced for a long time, ultrasound guid-
ance has gained prominence to facilitate the 
procedure and assure safety. In fact Patel et al. 
[ 6 ] demonstrated that ultrasound-directed tho-
racentesis decreased the incidence of hemor-
rhage and pneumothorax from 38.7 % to 
16.3 %, respectively. Studies clearly demon-
strate the superiority of the ultrasound-guided 
versus traditional technique in decreasing com-
plications [ 7 ,  8 ]. 

 The evolution of a high-quality portable 
machine enables ultrasound-guided thoracentesis 
in the intensive care unit. The 3.5–5.0 MHz probe 
transducer is most appropriate for pleural ultra-
sound examination. Layered pleural fl uid 
between the parietal and visceral pleura is identi-
fi ed as a hypoechoic collection deep to the  tho-
racic wall   (Figs.  18.2  and  18.4 ) [ 9 ]. Target pleural 
fl uid pocket of at least 10 ml provides an appro-
priate buffer to avoid lung puncture [ 10 ].

18.5          Pertinent Anatomy   

 The pleura are composed of two membranes, 
which are serous in nature. The parietal pleura 
covers the inner wall of the thoracic cage via the 
costal, mediastinal, and diaphragmatic segments 
and attaches to the endothoracic fascia of the tho-
racic cage. The inner visceral pleura covers the 
lung surface [ 11 ]. A small amount of fl uid is nor-
mally present to allow for frictionless movement 
of the lung with respect to the thoracic cage. From 
its most superior edge, the pleura lie approxi-
mately 2.5 cm above the medial third of the clav-
icle and inferior to the sternocleidomastoid 
muscle. Inferiorly, the pleura crosses the eighth 
rib at the midclavicular line, the tenth rib at the 
midaxillary line, and the twelfth rib at the lateral 
border of the erector spinae [ 12 ]. 

 The scapula lies in the posterior thoracic cage 
and spans from the fi rst to the seventh ribs. Of 

  Fig. 18.4    Pleural effusion via ultrasound       
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importance for thoracentesis, the most inferior 
scapular angle is at the level of the eighth rib and 
the T9 vertebral body [ 12 ]. 

 The intercostal space (ICS) is primarily com-
posed of muscle, fascia, and the neurovascular 
bundle. Intercostal muscle is comprised of three 
layers. The two outer layers include the external 
and internal intercostalis. The innermost layer of 
muscles is made up of the sternocostalis, intra-
costal, and the subcostal muscle layers. These 
muscles play a key role in respiration [ 13 ]. 

 The neurovascular bundle is located within the 
subcostal groove of the superior rib. At the level 
of the fi rst and second ICS, the intercostal artery 
(ICA) branches off from the superior ICA. For 
the third through eleventh ICS, the artery directly 
branches from the aorta. The  posterior ICA 
courses with the ICS at the inferior rib margin 
where it is less protected by the subcostal groove 
more medially. As the ICA courses laterally, it 
assumes anatomic position within subcostal 
groove of the superior rib, at approximately 7 cm 
from the midline. This reference is a safe dis-
tance from the midline to perform the thoracente-
sis [ 14 ]. 

 The ICAs become more tortuous with age. 
Current recommendation is to perform thoracen-
tesis 9–10 cm lateral to the spine in elderly 
patients in an attempt to avoid iatrogenic injury 
[ 15 ]. The intercostal veins at each level drain 
directly into the azygos venous  sy  stem [ 13 ].  

18.6     Procedural Description 

 Following informed consent and patient and site 
confi rmation, the patient and equipment are pre-
pared. Patient positioning is critical for procedural 
success. Ideally, the patient will be placed in a sit-
ting position on the side of the bed with the legs 
dangling off of the side (Fig.  18.5 ). For comfort, a 
bedside table with a pillow or linens should be 
placed in front of the patient to rest the arms. For 
patients who are unable to sit upright, the pre-
ferred position is on the side with the unaffected 
side down [ 2 ]. Once the patient is properly posi-
tioned, the location of the effusion and preferred 
site for needle entry are made with a marking pen.

   The entry site can be located via two  tech-
niques  . The top edge of the effusion can be iden-
tifi ed via auscultation and percussion. Identifying 
this landmark, the  needle/catheter insertion   site is 
identifi ed two intercostal spaces below the top 
edge of the effusion (Figs.  18.5  and  18.6 ). When 
available, ultrasound is the preferred method to 
identify the optimal target for effusion access. 
Localizing effusion depth >1.5 cm optimizes pro-
cedure safety. Ultrasound guidance also facili-
tates directional placement of the drain. As an 
example, placement of the drain one interspace 
above the diaphragm optimizes effusion drainage 
for patients who can assume an upright or semi- 
upright position. The latter is the preferred 

  Fig. 18.5     Needle insertion   in upright patient       

  Fig. 18.6    Needle insertion in supine patient       
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method of site selection as blind insertion can 
lead to inaccurate placement of the needle/cathe-
ter system [ 16 ]. The needle insertion point is 
7–10 cm lateral to the spine [ 14 ,  15 ].

   Once the insertion site is identifi ed, the skin 
 cleansing solution   needs to be applied at and 
around the site followed by placement of a drape 
or surgical towels around the insertion site [ 17 ]. 
Local anesthesia with either 1 or 2 % lidocaine is 
instilled to anesthetize the skin, periosteum, and 
pleural membrane. After the skin wheal, the nee-
dle should be inserted to the superior edge of the 
inferior rib. At all times when the needle is in 
motion, the provider should be aspirating the 
syringe plunger. Lidocaine should be injected 
onto the rib periosteum as it is heavily inner-
vated. Next the provider walks the needle over 
the rib, moving forward towards the pleural space 
once over the superior rib margin. As the pro-
vider is moving the needle forward to the  pleural 
space  , lidocaine should be injected intermittently 
to assure adequate tissue anesthesia. As the nee-
dle pierces into the pleural space, pleural fl uid 
will enter into the syringe. The needle should be 
slightly withdrawn to inject lidocaine at the pari-
etal pleura. As needle is removed, the procedur-
alist should take mental note of the insertion 
depth to reach the pleural space [ 17 ]. 

 The needle or catheter-over-needle assembly 
attached to a 60 ml syringe is next inserted along 
the anesthetized path while maintaining the same 
vigilant orientation to the  rib and neurovascular 
bundle   (Fig.  18.7 ). Once fl uid is aspirated, the 

needle should not be advanced further. The cath-
eter is next advanced while maintaining strict 
control of the needle. With the patient holding 
his/her breath at end expiration, the needle is next 
removed with immediate covering of the catheter 
hub with the gloved hand. This is to prevent air 
entry in the catheter. Next the 3-way stopcock is 
attached with the off position towards the patient. 
Then the 60 ml syringe is attached to the stop-
cock, and the stopcock is turned so that it is open 
to the patient and syringe. The necessary amount 
of fl uid is withdrawn for laboratory analysis. 
Finally the stopcock is turned to the off position 
towards the patient followed by the removal of 
the syringe [ 17 ].

   Once this fl uid is secured, additional fl uid can 
be removed if necessary. The additional equip-
ment necessary for this is drainage tubing, an 18 
gauge needle, and a 1 l (or larger) drainage bottle 
or fl uid collection bag. Another alternative option 
in the absence of a collection system is the con-
tinued use of a large syringe similar to that used 
for  fl uid removal   for  diagnostic testing   [ 18 ]. One 
end of the drainage tubing is attached to the stop-
cock. A needle is attached to the other end and is 
then inserted into the vacutainer. Then the stop-
cock needs to be turned so that it is open between 
the patient and the vacutainer. Fluid will begin to 
collect into the container. The maximum amount 
of fl uid to be drained during the procedure is 
1.5 l, so as to prevent re-expansion pulmonary 
edema [ 17 ]. 

 Once the necessary amount of fl uid is 
removed, the stopcock is next turned off towards 
the patient. The catheter is removed during end 
expiration with the patient holding his breath to 
prevent air entry into the pleural space, causing 
an  iatrogenic pneumothorax  . Removal of the 
catheter is followed immediately by the place-
ment of an occlusive dressing [ 17 ].  

18.7     Post-Procedure 
Management Considerations 

 Post-procedure management involves patient 
monitoring for clinical response and potential 
complications (Table  18.3 ).  Fig. 18.7    Needle insertion above rib       
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   Post-procedure pain will depend on the effec-
tiveness of  local anesthesia   during the procedure. 
Minimal discomfort is anticipated for most 
uncomplicated procedures. Thus the pain can 
often be treated with nonsteroidal antiinfl amma-
tory medications or narcotics as need for more 
intense pain. 

 A wide range of pneumothorax incidence 
(1–30 %) is described, depending on the experi-
ence level of the provider. Pneumothorax can 
occur in any of three different ways: direct injury 
to the lung parenchyma during needle insertion, 
air entrainment from the needle or catheter 
assembly, or visceral pleural injury stemming 
from rapid drop in pleural pressure during fl uid 
evacuation with re-expansion of the lung causing 
a  shear-type injury   from the presence of visceral 
pleural adhesions. An immediate post-procedure 
chest radiograph is not necessary unless there is 
suspicion for pneumothorax [ 16 ]. 

 When present, post-thoracentesis pneumotho-
races may not require chest tube insertion. Those 
at highest risk for progressing to tension pneu-
mothorax occur from direct injury to the lung 
parenchyma. Risk is increased for those patients 
on positive pressure ventilation. 

 Clinically signifi cant hemorrhage is another 
potential complication with a documented inci-
dence approximating <1 %. The best method to 
minimize the risk of hemorrhage is vigilance in 
assuring needle insertion over the superior edge 
of the inferior rib at the target ICS. Routine 
assessment of post-procedure  hemoglobin   is not 
standard [ 3 ,  4 ,  6 ]. Signs of hemorrhage can occur 
acutely or in delayed fashion. Clinical evidence 
of hemorrhage necessitates aggressive resuscita-
tion and thoracostomy tube placement. In addi-
tion to supportive measures, cardiothoracic 
surgery or interventional radiology may be war-

ranted to control cases of arterial hemorrhage 
[ 19 ]. 

 Post-thoracentesis re-expansion pulmonary 
edema (RPE) is rare, impacting <1 % [ 19 ] but 
carries mortality as high as 20 % [ 1 ,  19 ]. RPE is 
thought to occur from either large pleural vol-
ume removal or a rapid drop in pleural pressure 
below −20 cmH 2 O. Excessive negative intra-
pleural pressure causes rapid re-expansion of 
the lung which releases infl ammatory media-
tors, leading to increased pulmonary capillary 
permeability. Reperfusion injury following 
expansion of  atelectatic lung   may also contrib-
ute. Prevention of RPE focuses on limiting vol-
ume removal to 1.5 l although this threshold is 
not based on strong evidence [ 9 ,  19 ]. RPE usu-
ally presents anytime within 24 h post-thora-
centesis with complaints of  chest pain  , 
persistent cough (with or without frothy spu-
tum), dyspnea, increased work of breathing, 
respiratory failure, and occasionally hemody-
namic instability. Management strategies are 
primarily supportive including respiratory sup-
port with supplemental oxygen or positive pres-
sure ventilation, depending on the severity. 
Other supportive therapies may include diure-
sis, steroids, and vasopressor and inotropic 
agents to support hemodynamics [ 9 ].  

18.8     Summary Bullet Points 

     1.    Thoracentesis is a core diagnostic and/or ther-
apeutic critical care procedure for the evalua-
tion and removal of pleural fl uid.   

   2.     Ultrasound guidance   enhances safety by 
decreasing complications, improving proce-
dural safety.   

   3.    Coagulation thresholds for thoracentesis are 
ill defi ned, but moderate coagulopathy appears 
to pose low risk and empiric attempts to 
reverse coagulopathy prior to the procedure 
are not evidence based.   

   4.    Post-procedure management includes moni-
toring for post-procedural pain, hemorrhage, 
pneumothorax, and RPE. Routine post- 
procedure chest radiograph is not warranted.         

   Table 18.3    Potential complications   

 Pneumothorax  Post-procedural pain 

 Hemorrhage  Re-expansion pulmonary edema 

 Visceral injury  Infection 

  Havelock et al. [ 16 ]  
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19.1           Introduction 

 This chapter will focus on the use of needle 
  thoracostomy   in the management of tension 
pneumothorax. Tension pneumothorax is a life-
threatening condition that must be intervened 
upon immediately. The fastest and easiest way to 
relieve tension physiology is through needle tho-
racostomy. This procedure can be accomplished 
quickly and with limited resources, allowing 
more time for defi nitive management of the 
underlying processes leading to the development 
of the pneumothorax [ 1 – 3 ]. The presentation of 
tension physiology can vary in different patient 
populations, making it challenging to identify; 
however early recognition and intervention are 
necessary to prevent morbidity and mortality.  

19.2     Indications 

 The indication for needle thoracostomy or  thoracic 
needle decompression   is tension pneumothorax. 
Early recognition of tension pneumothorax is essen-
tial in the management of this process. Needle 
decompression is performed to relieve tension phys-

iology but does not necessarily correct the under-
lying pneumothorax. Tension pneumothorax is an 
imminently life-threatening condition that requires 
immediate intervention to prevent death [ 1 – 3 ]. 
Although in some instances needle decompression 
is defi nitive management, it is almost always per-
formed as a temporizing measure to allow more time 
for  chest tube placement   and management of the 
precipitating event. Understanding of the transition 
from pneumothorax to tension pneumothorax is 
necessary to aid in early recognition.  

19.3     Pathophysiology 

 A pneumothorax develops when air enters the 
pleural space separating the potential space that 
exists between the  parietal   and visceral pleura. 
Pneumothoraces are classifi ed as spontaneous or 
nonspontaneous. A spontaneous pneumothorax 
occurs with no obvious underlying secondary 
cause. A nonspontaneous pneumothorax occurs 
as a result of injury to the pleura caused by blunt 
or penetrating trauma or iatrogenic sources 
(mechanical ventilation or invasive procedures) 
[ 1 ,  4 ,  5 ]. Air can continue to accumulate in the 
pleural space if the defect in the pleural lining acts 
as a one way valve. Negative intrathoracic pres-
sures during inspiration will open the defect 
allowing air to enter the potential space; positive 
intrathoracic pressures created during exhalation 
close the defect not allowing the air to escape 
[ 1 ,  3 – 5 ]. With each respiratory cycle air continues 
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to accumulate in the pleural space increasing 
intrapleural pressure. If this process continues 
eventually tension physiology will develop. The 
dynamics for patients on positive pressure ventila-
tion are slightly different in that air is forced into 
the pleural space through the visceral pleura by 
the positive pressure generated by the ventilator. 
The air does not escape during exhalation, result-
ing in continued accumulation of intrapleural air. 

 Tension pneumothorax develops when 
increased intrapleural pressures results in com-
plete collapse of the affected lung, mediastinal 
shift to the contralateral side, compression of the 
unaffected lung, and kinking of the great vessels. 
The altered respiratory dynamics and loss of lung 
volume cause profound hypoxia, while the dis-
ruption of blood fl ow through the great vessels 
causes circulatory collapse. The end result is 
obstructive shock and eventually death [ 1 – 3 ].  

19.4     Identifi cation 

  Signs and symptoms   of tension pneumothorax in 
the awake and spontaneously breathing patient 
may include chest pain, respiratory distress, 
tachycardia, hypotension, tracheal deviation, jug-
ular venous distension, diminished breath sounds, 
and hyperresonance to percussion. This constel-
lation of fi ndings is not present in all patients 
with tension physiology which can obscure the 
provider’s early recognition of this life- 
threatening condition. It may be more diffi cult to 
identify tension pneumothorax in mechanically 
ventilated patients as many of the signs and 
symptoms are blunted or altered as a result of 
ventilator mechanics and patient status (sedated 
or comatose). Recognition of hypoxia, increased 
ventilator pressures, hypotension, and asymmet-
ric lung sounds may be the only clues that tension 
physiology is developing [ 1 ,  3 ,  6 ].  

19.5      Confi rmatory Imaging   

 The diagnosis of tension pneumothorax is made 
on the basis of clinical fi ndings, and confi rmatory 
imaging is not necessary. Hemodynamically 

unstable patients where tension pneumothorax is 
the suspected cause should undergo immediate 
needle decompression to reverse tension physiol-
ogy and shock [ 5 ,  7 ]. If tension pneumothorax is 
suspected and the patient is relatively stable, con-
fi rmatory imaging can be considered. The three 
main imaging modalities for the evaluation of 
pneumothorax are ultrasound, X-ray, and 
CT. There are pros and cons to each imaging 
modality. Ultrasound can be performed quickly 
and easily by the treating provider, it is readily 
available and easily portable. Real-time confi r-
mation of a pneumothorax can be identifi ed. 
Confi rmation of decompression can be achieved 
at the bedside by the visualization of pleural slid-
ing and comet tail artifact [ 3 ,  8 ]. The main con is 
that the provider must be trained and comfortable 
with the use of ultrasound. X-ray is usually read-
ily available; thoracic structures are identifi ed as 
reference points for evidence of tension. Cons to 
X-ray are that you must rely on additional ancil-
lary staff to perform the X-ray which may result 
in a delay. It is the least sensitive of the three 
studies and may miss the presence of pneumo-
thorax, especially in the supine position. CT is 
excellent at identifying pneumothorax and is the 
gold standard at identifying occult pneumotho-
rax; however the patient must be transported to 
the CT scanner, resulting in a delay as well as a 
period of  ti  me without access to the patient while 
in the scanner [ 3 ,  8 ].  

19.6      Site Selection   

 Traditionally the primary site for needle decom-
pression has been the second intercostal space 
(ICS) in the  midclavicular line (MCL)     . The eighth 
edition of adult trauma life support (ATLS) rec-
ommends using a 5 cm, 14 gauge needle-based 
catheter in the second ICS for needle decompres-
sion [ 5 ]. Due to high failure rates of successfully 
entering the pleural space decompressing 
 intrapleural air, alternative sites have been stud-
ied. The appropriate length of the needle selected 
for decompression has also been evaluated in 
recent studies. The hypothesis regarding high 
failure rates included insuffi cient needle length to 
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enter the pleural space, obstruction, user error, 
and excessive chest wall thickness (CWT) [ 9 , 
 10 ]. Selecting the site for decompression may be 
infl uenced by factors such as overlying trauma, 
hematoma, subcutaneous air, or diffi cult access 
secondary to environmental factors or patient 
positioning [ 10 ]. Recent CT, ultrasound, and 
cadaveric studies have evaluated the fourth and 
fi fth ICS at the midaxillary line (MAL) and  ante-
rior axillary line (AAL)      with regard to 
CWT. Identifying a thinner area of chest wall 
would potentially increase success rates with the 
standard 5 cm needle. The chest wall at the fourth 
and fi fth ICS AAL was decreased compared to 
the second ICS MCL in the range of 5–13 mm 
depending on the study reviewed [ 2 ,  9 ,  10 ]. It was 
also noted in all locations that CWT increased 
with increase in body mass index. The distance to 
vital structure (pericardium, aorta, pulmonary 
artery, inferior and superior vena cave, and pul-
monary veins) was evaluated to determine the 
risk associated with increasing needle length. 
Measurements were taken at the left and right 
fourth AAL and second MCL at multiple angles 
of entry with respect to deep vital structures 
(DVS). 80 mm was the cutoff for distance to 
radiographic injury as an 8 cm 14 gauge needle 
was proposed as an alternate needle for decom-
pression. Assuming appropriate angle of entry, 
radiographic decompression would be obtained 
with an 8 cm needle at all sites >96 % of the time 
compared to the 5 cm needle which would only 
achieve decompression at the second ICS MCL 
66 % L and 76 % R [ 2 ]. The site with the greatest 
increase of risk for injuring DVS was at the left 
AAL. This risk was only signifi cantly  increa  sed if 
the angle of entry was not perpendicular [ 2 ].  

19.7      Anatomy   

 Understanding the anatomy of the chest wall is 
crucial in minimizing injury during this proce-
dure. When approaching the second ICS MCL, 
the primary structures to avoid includes the neu-
rovascular bundle that runs inferior to each rib, 
the internal mammary artery medial to the site of 
entry, thoracic great vessels medially, and the 

subclavian vessels superiorly. When approaching 
the fourth and fi fth ICS at the AAL, the neurovas-
cular bundle continues to run immediately infe-
rior to each rib. Additional concerns include 
diaphragmatic injury, liver on the right, and car-
diac injury on the left. 

 The second ICS MCL can be easily identifi ed 
using the sternum as a landmark. Palpate the jugu-
lar/suprasternal notch at the superior aspect of the 
sternum. Immediately below the jugular notch is 
the manubrium of the sternum. Palpate inferiorly 
until a ridge is felt; this is the sternal angle and the 
location of articulation of the second costal carti-
lage with the sternum. Palpate laterally to identify 
the second rib [ 11 ,  12 ]. The space between the 
second and third rib is the second ICS. The MCL 
is the midpoint on the clavicle measured from the 
jugular notch to the distal clavicle or acromiocla-
vicular joint. The intersection of the MCL and the 
second ICS is the location for needle decompres-
sion (see Figs.  19.1  and  19.2 ).

    The fourth and fi fth ICS AAL is best identifi ed 
by having the patient lay supine with their arm 
abducted and extended behind the head to expose 
the axilla. Palpate and count the ribs in the axil-
lary fossa to identify the fourth and fi fth ribs. 
Alternatively the ribs can be counted by identify-
ing the sternal angle to represent the second rib. 
Continue to palpate down the chest moving 
slightly laterally until you palpate the fourth and 
fi fth ribs [ 11 ,  12 ]. The nipple is usually directly 
overlying the fourth rib which aligns with the 
midaxillary portion of the fi fth rib; however this 
landmark can be unreliable in women and with 
varying body habitus [ 5 ,  11 ,  12 ]. Palpate along 
the fourth or fi fth rib laterally to the AAL. The site 
for needle decompression will be in the triangle 
of safety. The triangle of safety (safe triangle) is 
outlined by the AAL medially, MAL laterally, and 
the fourth or fi fth intercostal space inferiorly. The 
AAL runs along the lateral aspect of the pectoralis 
major. The MAL runs downward from the apex of 
the axilla [ 13 ] (see Figs.  19.3  and  19.4 ). Be aware 
that this site may be more superior than you 
expect and the spacing between the ribs in this 
location is narrower than at the second ICS 
MCL. There is  a  lso greater respiratory excursion 
as you move laterally on the chest wall.
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  Fig. 19.1    Anterior  chest wall   landmarks       

  Fig. 19.2    Needle decompression second  intercostal space         
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  Fig. 19.3    Safe triangle       

  Fig. 19.4    Anterior  axillary   line approach       
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19.8         Equipment 

 This is a fairly simple procedure and does not 
require extensive setup or equipment. The main 
piece of equipment is a large bore 5–8 cm 14–16 
gauge 5–8 cm over the  needle catheter  . The angio-
catheter should not contain any safety devices 
such as an  auto-retractor  . These safety devices will 
take away the ability to appreciate air return when 
the pleural cavity is entered. It may be helpful to 
attach a 10 cc syringe to the  angiocatheter   to 
improve control of the needle as well as allow for 
aspiration during the procedure. The syringe will 
fi ll with air upon entering the pleural cavity. The 
patient should be placed on a  cardiac monitor   and 
have supplemental oxygen during the procedure. 
Additionally if the patient is stable and time 
allows, the decompression site can be anesthetized 
prior to decompression. If there is a potential 
delay in the placement of a chest tube, a three-way 
stopcock can be attached to the angiocatheter, 
allowing intermittent relief of air if intrapleural 
pressure re-accumulates [ 1 ,  5 ,  7 ] (see Fig.  19.5 ).

•     14–16 gauge 5–8 cm over the needle catheter 
(without retractable needle or other safety device 
that would impede recognition of air return).  

•   Antiseptic skin cleanser such as chlorhexidine 
or povidone-iodine.  

•   Cardiac monitor.  
•   Supplemental oxygen.    

19.8.1     Optional 

•     Lidocaine with smaller needle and syringe for 
local infi ltration.  

•   10 cc syringe.  
•   3 way stopcock.      

19.9     Procedure 

•     Indication: tension pneumothorax.  
•   Contraindications: there are no absolute 

contraindications.  
•   Have additional personnel prepare for tube 

  Fig. 19.5    Supplies       
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 thoracostomy   while performing needle 
decompression.
    1.    Obtain informed consent. This is not always 

possible as patients with tension pneumo-
thorax may be unconscious or too unstable, 
and decompression should not be delayed.   

   2.    Place the patient on a cardiac monitor and 
supplemental oxygen.   

   3.    Place the patient in the supine position with 
the head of the bed elevated 30–40°. This 
will allow for the  intrapleural air   to rise to the 
superior portion of the lung increasing the 
distance from the parietal to visceral pleura 
decreasing the likelihood of penetrating the 
visceral pleura and lung parenchyma.   

   4.    Identify and mark the site of decompression:
    (a)    Second ICS MCL: palpate the sternal 

angle to identify the second rib; follow 
this laterally to the MCL. Palpate the 
third rib and place a mark or indenta-
tion just superior to the third rib in the 
MCL. It is important to enter the  pleu-
ral space   immediately above the third 
rib to avoid the  neurovascular bundle   
that runs inferior to each rib.   

   (b)    Fourth or fi fth ICS MAL-AAL: choose 
your preferred method of counting ribs 
either using the clavicle or  sternum   as a 
landmark or start counting in the axillary 
fossa. The site for decompression will 
be in the fourth or fi fth ICS at or between 
the midaxillary and anterior axillary 
 line  . It is important to enter the pleural 
space immediately above the fi fth or 
sixth rib to avoid the neurovascular bun-
dle that runs inferior to each rib.       

   5.    Apply  antiseptic solution   to the area 
(chlorhexidine or povidone-iodine).   

   6.    If the patient is stable and time allows, 
anesthetize the area with lidocaine. Start by 
creating a superfi cial skin wheal and then 
infi ltrate the deeper tissues for best effect.   

   7.    Align the 14–16 gauge  angiocatheter   (plus 
or minus an attached 10 cc syringe) perpen-
dicular to the skin at the site marked in step 
4a or 4b. Penetrate the chest wall until a 
rush of air exits through the angiocatheter. If 
you are using a 10 cc syringe, you will need 

to aspirate the plunger of the syringe to 
allow for air to enter the syringe. Once air is 
identifi ed stop advancing the needle of the 
angiocatheter. Advance the catheter over the 
needle until the hub of the catheter is touch-
ing the skin and the catheter is fully inserted.   

   8.    If there is an anticipated delay in placing a 
chest tube, consider placing three-way 
stopcock to the hub of the catheter. The use 
of a three-way stop cock is sited in much of 
the prehospital and military literature 
where transport times and accessibility to 
tube thoracostomy can be delayed.    

19.10          Complications 

•      Failure  : if no rush of air is appreciated and there 
is no improvement in patient condition, con-
sider immediate tube thoracostomy. If the time 
to prepare for tube thoracostomy may result in 
patient deterioration, consider repeating needle 
decompression with a longer angiocatheter.  

•    Re-accumulation  : if the tension pneumotho-
rax re-accumulates and tube thoracostomy 
cannot be performed immediately, needle 
decompression will need to be repeated. The 
small size of the catheter is prone to fi lling 
with debris and clot as well as kinking and dis-
lodging. An occluded or dislodged catheter is 
ineffective and will need to be replaced.  

•    Bleeding  : there is risk of hemorrhage at all sites 
of decompression. Injury to the thoracic great 
vessels or pericardium could cause catastrophic 
hemorrhage and pericardial tamponade.  

•   Diaphragmatic and solid organ injury can be 
seen with needle thoracostomy in the fourth 
and fi fth ICS bilaterally.        
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20.1           Indications 

  Chest tube   thoracostomy is a procedure in which 
a tube is placed into the chest for the removal or 
drainage of air, blood, or other fl uids from the 
intrapleural or mediastinal  space   [ 1 ]. 

 The  thoracic cavity   is a closed space; disrup-
tions in the integrity of this closed space may 
result in a loss of the negative pressure within the 
intrapleural space. Air or fl uid that accumulates 
within this space competes with the space occu-
pied by the lung which causes a collapse of the 
lung. Conditions that cause collapse of the lung 
include trauma (blunt or penetrating), surgery, 
disease, or iatrogenic sources.  

20.2     Patient Assessment 

 Approach the patient and begin assessing the 
airway, breathing, and circulatory status. 
Airway patency and air exchange may be 
impeded if the patient has developed a large 
accumulation of air and/or fl uid within the 
 chest cavity  . Assess the breathing ability of the 
patient by fi rst observing for rise and fall of the 
chest and then assess for the presence and 
absence of breath sounds bilaterally. Observe 
the trachea and neck veins to determine if there 
is enough pressure within the chest to displace 
the trachea or to cause distention of the jugular 
veins. Evaluate the circulatory status of the 
patient to determine if the pressure within the 
chest cavity is increased to the extent that it 
may impede the fi lling of the heart.  

20.3     Pneumothorax (Closed or 
Open) 

  Closed Pneumothorax     In closed pneumotho-
rax, the chest wall remains intact; however, the 
 pleural space   is interrupted. As air enters 
into the pleural space, it cannot escape, there-
fore compressing the lung impeding oxygen-
ation. A closed pneumothorax occurs without 
obvious injury and is often seen in patients 
with  chronic lung conditions   (cystic fi brosis, 
emphysema, tuberculosis) and blunt chest 
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trauma or from  iatrogenic causes (mechanical 
ventilation with high amounts of positive end-
expiratory pressure). 

•      Assessment : Patients with a closed pneumo-
thorax may complain of chest pain, dyspnea, 
tachypnea, and diminished or absent breath 
sounds on the affected side.  

•     Chest radiograph   : In most situations, the pul-
monary vessels are not visible beyond the vis-
ceral pleural line. In an upright position with a 
patient that has a pneumothorax, most of the 
air accumulates in the apex of the lung.     

  Open Pneumothorax     An open pneumothorax 
occurs when the  chest wall   and the pleural space 
have been penetrated, either from penetrating 
trauma, complications during invasive proce-
dures (central venous catheter placement or  nee-
dle thoracentesis  ), or during surgery 
(thoracotomy). This opening allows for air to 
enter into the pleural space on inspiration and 
cannot exit on exhalation compressing the lung. 
As the lung collapses, the alveoli become under 
ventilated resulting in hypoxemia and acute 
respiratory failure may develop. 

•      Assessment : In addition to the assessment 
fi ndings of a closed pneumothorax, patients 
may also present with subcutaneous emphy-
sema or a chest wound that creates a  sucking 
sound   on inspiration.     

  Tension Pneumothorax     A tension pneumotho-
rax develops as air enters into the pleural space 
and cannot escape. Air accumulates within the 
chest with each breath; the pressure inside the 
chest rises and causes the  lung   to collapse. As the 
pressure increases, the mediastinal structures 
(heart, vena cava, aorta, and trachea) are com-
pressed and shift to the unaffected side. The result 
is a decrease in cardiac output from the diminished 
venous return to the heart and potential compres-
sion of the heart itself. Radiographically, a tension 
pneumothorax may show a distinctive shift of the 
mediastinum to the contralateral side and fl atten-
ing or inversion of the ipsilateral hemidiaphragm. 

 In the presence of trauma, differentiation 
between tension pneumothorax and cardiac 
tamponade must be made. A clinical diagnosis 
can be made through assessment; absent breath 
sounds and hyperresonance over the affected 
 hemithorax   and a deviated trachea (a late sign) 
away from the affected hemithorax can be 
attributed to a tension pneumothorax. 

•      Assessment : Patients with tension pneumo-
thorax may present with hypotension, tachy-
cardia, dyspnea, or chest pain. Breath sounds 
may be diminished or absent on the affected 
side. Percussion of the  chest wall   may reveal 
a hyperresonant sound over the affected 
side. Tracheal deviation away from the 
affected side may be present in late cases of 
tension pneumothorax. The jugular veins 
may be distended from the increased pres-
sure within the chest, impeding venous 
return to the heart; however, in the presence 
of trauma, this may not be evident if the 
patient has signifi cant  blood loss  .     

  Hemothorax     A hemothorax results from an 
accumulation of blood in a hemithorax. 
Hemothorax can be caused by blunt or pene-
trating thoracic  trauma  . Compression of the 
lung prevents adequate ventilation and the loss 
of circulating blood increases the likelihood of 
shock. A volume of 300 ml is needed for a 
hemothorax to be evident on an upright chest 
X-ray. A massive hemothorax is present if 
there is an accumulation of 1500 ml of blood
in a hemithorax. 

•      Assessment : Patients that present with hemo-
thorax may exhibit the same  signs and symp-
toms   of hypovolemic shock, hypotension, 
and tachycardia. The  breath sounds   may be 
diminished or absent over the affected hemi-
thorax. Jugular vein distention is not usually 
present due to the amount of  blood lost   
within the chest cavity. Percussion of the 
chest wall on the affected side may reveal a 
hyporesonant sound for patients with mas-
sive hemothorax.      
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20.4     Hemopneumothorax 

      Empyema   : A collection of pus. Tube thoracos-
tomy is the initial treatment and immediate 
drainage can improve septic physiology but 
frequently requires surgical intervention, i.e., 
video-assisted thoracic surgery (VATS).  

    Cholothorax   : A collection of fl uid containing 
bile. Usually occurs after a liver injury.  

    Hydrothorax   : A collection of noninfl ammatory 
serous fl uid.  

    Pleural effusion   : An abnormal collection of pleu-
ral fl uid within the chest cavity.     

20.5     Preparation/Setup 

   Patient Preparation 
•   After the physical assessment is complete, 

review the patient’s medical/surgical history 
or in the presence of trauma review the mech-
anism of injury. Review of pertinent history 
may help determine the etiology of the pneu-
mothorax, pleural effusion, or empyema.  

•   Review any diagnostic results such as radiol-
ogy exams or arterial blood gases to confi rm 
the presence of fl uid or air in the chest, hypox-
emia, or respiratory demise.   

  Explanation 
•   Explain to the patient and family the risks and 

benefi ts of  chest tube placement  . Answer all 
questions and explain the pathophysiology 
behind the disease process that necessitates 
the insertion of a chest tube.   

  Consent 
•    Ob  tain informed consent prior to insertion of 

the chest tube from the patient or family mem-
ber. In an emergent situation, consent may be 
implied if the patient or family member is not 
able to give informed consent.   

   Site Marking   
•   Correct site marking prior to insertion reduces 

the likelihood of improper placement of invasive 
devices. Insertion site may be determined by the 
type of chest drainage tube necessary to remove 
fl uid or air from the chest cavity [ 2 ].   

  Size of  Chest Tube   
•   Determine the appropriate size of chest drainage 

tube to be used. Removal of fl uid from the chest 
requires a larger tube size than evacuation of air.   

  Positioning of the Patient 
•   Ensure that the patient is properly positioned 

to allow for adequate access to the insertion 
site.   

   Intravenous Access   
•   Confi rm that the patient has adequate intrave-

nous access available for administration of IV 
fl uids, sedatives, or analgesics. A pre- insertion 
dose of an antibiotic may be recommended.   

   Analgesics/Sedatives   
•   Administer analgesics or sedatives to decrease 

the amount of discomfort experienced by the 
patient. Ensure that local and institutional pro-
cedures are followed when providing proce-
dural sedation.   

   Cardiac Monitor   
•   Assessment of the patient’s cardiac status 

should be monitored continuously during the 
insertion of the chest tube. A baseline 
 assessment should be documented and trended 
during the procedure.   

   Continuous Pulse Oximetry   
•   Continuous pulse oximetry should be moni-

tored to assess the patient’s oxygenation status 
during chest tube insertion.   

   Assemble Supplies   
•   Ensure that the proper supplies are available 

and a suffi cient quantity is on hand to reduce 
the time needed to complete the procedure.     

20.6     Technical/Logistics/
Operationalize 
the Procedure 

•      Hand hygiene  .
 –    Perform hand hygiene to reduce the poten-

tial for transmission of microorganisms per 
institutional policy.     
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•   Time out.
 –    Perform a pre-procedure verifi cation to 

ensure the correct procedure is being per-
formed on the correct patient. Mark the 
insertion site with a surgical marking pen. 
Refer to institutional policy to time out 
verifi cation procedure.     

•    Prepare equipment  .
 –    Obtain a bedside table or stand to place the 

equipment needed for tube placement. 
Open the outer wrapper of the insertion 
tray, remove the tray, and place it on the 
stand. Open the inner wrapper of the tray 
using sterile technique.  

 –    Chest tube insertion   is a sterile procedure 
and requires sterile personal protective 
equipment unless the procedure is per-
formed during a life-threatening situation. 
Don sterile attire per institutional policy.  

 –   Have an assistant during the preparation 
and insertion periods of the procedure to 
open needed equipment while sterility is 
maintained.  

 –   Have the assistant open and place the chest 
tube in the insertion tray using sterile 
technique.     

•    Site selection  .
 –    Identify the insertion site by locating the 

fi fth and sixth intercostal space in the ante-
rior axillary or midaxillary line. Use nipple 
as topical landmark unless patient has pen-
dulous breasts (see Fig.  20.1 ).   

•      Site preparation and draping of the insertion 
site; PPE.
 –    Prepare the skin around the insertion site with 

an antiseptic solution per institutional policy. 
Ensure that a large area is prepared surround-
ing the insertion site. Use sterile towels or 
surgical drapes to cover the area surrounding 
the insertion site. PPE include sterile gown, 
gloves, caps, and mask. Also eye protection 
is needed (see Figs.  20.2  and  20.3 ).   

•        Anesthetize   the insertion site.
 –    Using 1 % Lidocaine, anesthetize the skin, 

subcutaneous tissue, muscle, pleura, and 
periosteum surrounding the insertion site. 
This reduces sensation of pain and dis-
comfort experienced by the patient during 
the insertion of the chest tube. When infi l-
trating the tissue with Lidocaine, withdraw 

  Fig. 20.1    Left  chest wall         

  Fig. 20.2    Prep and drape       

  Fig. 20.3    Locate ribs       
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on the syringe periodically to assess for 
the presence of air. 30–40 ml of Lidocaine 
may be needed to anesthetize the area for 
 insertion. Use a 25 gauge needle to inject 
the Lidocaine into the tissue and parietal 
pleura. Slowly withdraw the needle after 
an adequate depth has been reached to 
anesthetize the pleura. Use a generous 
amount of Lidocaine to infi ltrate the 
underlying tissue; this ensures that a suffi -
cient amount of anesthetic is delivered 
(see Fig.  20.4 ).   

•      Make the  skin incision  .
 –    Using a no. 10 blade, make an incision 

parallel to the ribs that is 2–3 cm in 
length directly over the inferior surface 
of the rib in the area where the local 
anesthetic was injected. Ensure that the 
incision is deep enough to dissect the 
subcutaneous tissue underlying the skin 
(see Fig.  20.5 ).  

 –   The incision should be large enough to allow 
for a fi nger to be inserted (see Fig.  20.6 ).   

•       Introduce a curved clamp into the  pleural   
space.
 –    Ensure that the tips of the curved clamp are 

directed downward during insertion into 
the pleural space (see Fig.  20.7 ).  

 –   Insert the curved clamp into the incision 
made through the skin and subcutaneous 
tissue, aim toward the superior portion of 
the rib until the pleural space is reached.  

 –   Once the clamp has been advanced to the 
superior portion of the rib, continue to push 
with steady pressure until the clamp has 
entered the pleural space.  

 –   Hold the clamp with both hands, using the 
fi ngers of one hand to ensure that the clamp 
does not enter too deeply into the pleural 
space injuring the underlying lung tissue 
(see Fig.  20.8 ).   

  Fig. 20.4     Local anesthetic         

  Fig. 20.5    Incision of skin       

  Fig. 20.6    Incision through  subcutaneous tissue         
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•        Perform blunt dissection  .
 –    After the clamp has been inserted into the 

pleural space, spread the clamp to increase 
the size of the hole. As the clamp is 
retracted, close and open the clamp to 
increase the size of the hole (see Fig.  20.9 ).   

•      Dilate the insertion tract with the index 
fi nger.

 –    Use the index fi nger to enter the insertion 
tract and enter the pleural space. Sweep the 
index fi nger inside the pleural space to 
ensure that adhesions and other obstruc-
tions such as  blood clots   are cleared from 
the insertion tract.  

 –   The lung should touch the index fi nger dur-
ing inspiration (see Fig.  20.10 ).   

•      Insert the chest tube with a curved clamp.
 –    Using the curved clamp, grasp the proxi-

mal end of the chest tube securely, and 
guide the tube through the insertion tract 
into the pleural space. Some tubes come 
with trocars. Trocars can be bent with the 
metal tip withdrawn into the tube which 
can allow it to be used as a “guide” like a 
stylette, but trocars should never be used to 
puncture into the chest (see Fig.  20.11 ).  

 –   For air within the chest cavity, aim the 
chest tube toward the posterior and supe-
rior region of the hemithorax. If the chest 
tube is inserted for fl uid accumulation, 
ensure that it is directed toward the poste-
rior and inferior portion of the hemithorax. 

  Fig. 20.7     Blunt dissection         

  Fig. 20.8    Entering  pleural space         

  Fig. 20.9     Dilating space   between ribs       

  Fig. 20.10    Insert fi nger into pleural space       
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Tube advancement should be gentle. The 
lung is very fragile—never force the tube 
against signifi cant resistance (see 
Fig.  20.12 ).   

•       Remove the clamp and guide the tube into the 
pleural space.
 –    Advance the  chest tube   until the sentinel 

hole is inside of the pleural space.  
 –   Fluid or condensation may be noted within 

the tube (see Fig.  20.13 ).   
•      Connect the tube to the  chest drainage collec-

tion   system.
 –    With the help of an assistant, connect the 

chest tube to the drainage system (see 
Fig.  20.14 ).   

•      Secure the tube to the chest wall with suture.
 –    Using suture (#2 Ethibond), create a “stay” 

suture on the superior side of the incision site 

to close any skin and ensure that the hole size 
is decreased, minimizing the entrance of air 
into the surrounding subcutaneous tissue.  

 –   Wrap the ends around the chest tube twice 
and tie the loose ends tight enough to 
depress the tube slightly but not so tight 
that the suture collapses the tube. This is to 
ensure that the tube is secured adequately 
(see Figs.  20.15 ,  20.16 , and  20.17 ).   

  Fig. 20.11    Clamping chest tube       

  Fig. 20.12    Insertion of  chest tube         

  Fig. 20.13    Advancing chest tube       

  Fig. 20.14    Collection system       
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•        Apply dressings over the  insertion site   and 
tube.
 –    Apply petrolatum gauze dressing around 

the tube, this helps to provide an airtight 
seal around the chest tube at the insertion 
site (see Fig.  20.18 ).  

 –   Apply 4 × 4 gauze dressings over the insertion 
site and cover the entire dressing with tape.  

 –   Secure the tube to the patient’s skin with 
tape below the insertion site to prevent the 
tube from being dislodged.   

•      Secure all connections with tape.
 –    This helps reduce the incidence of air leaks 

within the system. Check for air leaks and 
document at this time. If one is present, 
take a moment to check connections and 
insertion site.     

•   Obtain a radiograph of the chest.
 –    Confi rm placement of the tube with a 

 chest radiograph  . If the tube was placed 
for fl uid accumulation, monitor for 
reduction of fl uid within the chest cavity. 
If the tube was placed for air accumula-
tion, confi rm re- expansion of the lung.  

  Fig. 20.15    Suturing CT into place       

  Fig. 20.16    Securing suture around CT       

  Fig. 20.17     Closing wound         

  Fig. 20.18     Occlusive dressing         
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 –   Ensure that the break in the  radiopaque 
marker   on the tube is within the pleural space.     

•   Record in the patient’s medical record.
 –    Indications for insertion.  
 –   Insertion depth and size of the tube.  
 –   Vital signs before and after chest tube insertion.  
 –   The amount and consistency of fl uid that 

drains from the chest.  
 –   Presence of air leak.  
 –   Complications.  
 –   How the patient tolerated the procedure.  
 –   FOCA is an acronym commonly used—

fl uctuation, output, color, air leak.        

20.7     Complications/Pitfalls 
for the ICU 

•      Malposition  .
 –    The most common complication of tube 

thoracostomy is tube malposition. Chest 
tubes that are malpositioned represent a 
form of penetrating trauma and should be 
managed accordingly. A pulmonary or tho-
racic surgery service consult should be con-
sidered before manipulating a chest tube 
that is malpositioned in a stable patient.     

•    Organ injury  .
 –    The most common organ injury during 

tube thoracostomy is the lung. Perforation 
of the heart, liver spleen, and diaphragm 
are also potential injuries. Controlled entry 
into the pleural space can reduce the inci-
dence of organ injury.     

•    Infection  .
 –    Increased duration of indwelling chest 

tubes can lead to potential for infection.     
•    Re-expansion pulmonary edema  .

 –    Rapid re-expansion of a large pneumotho-
rax may cause re-expansion pulmonary 
edema. It also occurs with the drainage of 
large amounts of pleural fl uid.           
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21.1           Introduction 

 The pericardial sac consisting of two layers, an 
outer parietal pericardium and an inner visceral 
pericardium, can typically hold 15–50 ml of 
 serous fl uid   [ 1 ]. Rapid accumulation of even a 
small amount of additional fl uid can cause a 
patient to become symptomatic [ 2 ].  Cardiac tam-
ponade   occurs when enough fl uid, in the form of 
serous fl uid (hydropericardium), blood (hemo-
pericardium), pus (purulent pericarditis), or gas 
(pneumopericardium), accumulates in the peri-
cardium, exceeding the ability of the pericardium 
to distend, and causes  symptoms  . 

 The most common fi rst symptom is dyspnea 
[ 3 ,  4 ]. Guberman and his colleagues found 
paradoxical pulse, dyspnea, tachypnea, and 

tachycardia to be the most frequent signs and 
symptoms [ 4 ]. Another classic clinical syndrome 
that can occur in some patients with acute car-
diac tamponade is  Beck’s triad  . Beck fi rst 
described the acute cardiac compression triad in 
1935 and defi ned it as falling arterial pressure, 
rising venous pressure, and a small quiet heart 
[ 5 ]. It is important to know that Beck’s triad was 
in reference to surgical patients with acute tam-
ponade from  intrapericardial hemorrhage   due to 
trauma or myocardial or aortic rupture, and med-
ical patients who gradually develop a  pericardial 
effusion   may not display any of Beck’s triad. 
Today’s defi nition of Beck’s triad includes hypo-
tension, jugular venous distention, and distant 
heart sounds. Hypotension occurs as the pericar-
dium is fi lled with fl uid and is no longer able to 
distend, decreasing the ability of the right ven-
tricle to fi ll, which in turn reduces  stroke vol-
ume  . This process reduces  systolic blood 
pressure  . The pressure of the fl uid buildup in the 
pericardial sac reduces the diastolic fi lling of the 
right ventricle causing an increase in central 
venous pressure which is evidenced by distended 
jugular veins. The fl uid-fi lled pericardium also 
muffl es heart sounds [ 6 ]. Treatment should not 
be delayed if all components of Beck’s triad are 
not present. The complete triad was present in 
only 41 % patients with  cardiac tamponade   in 
one trauma study [ 7 ]. Morbidity and possibly 
mortality are risks of waiting for the full comple-
ment before intervening. 
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 Another common symptom of  pericardial tam-
ponade   is pulsus paradoxus in which the  systolic 
blood pressure   drops more than 10 mmHg with 
inspiration during normal breathing [ 2 ,  6 ]. Adolf 
Kussmaul fi rst described pulsus paradoxus in 1873 
as a palpable diminution of the radial pulse on 
inspiration in patients with  cardiac tamponade   [ 1 ]. 
The pathophysiology of pulsus paradoxus is 
explained by the signifi cantly reduced  intratho-
racic pressure   during inspiration that allows more 
venous return to right ventricle. On the next car-
diac cycle, the pulmonary vascular beds are fi lled 
and exceed the output of the right ventricle. In 
turn, the blood return to the left ventricle is reduced 
and the atrial and ventricular pressures drop during 
inspiration. This is demonstrated by a >10 mmHg 
drop in systolic blood pressure during inspiration 
[ 8 ]. Some coexisting conditions can mask the 
presence of pulsus paradoxus. Extreme hypoten-
sion, pericardial adhesions, right ventricular 
hypertrophy without pulmonary hypertension, 
severe aortic regurgitation, and atrial septal defects 
[ 9 ]. Sometimes pulsus paradoxus exists without 
the presence of cardiac tamponade in conditions 
such as massive pulmonary embolism, profound 
hypotension, and obstructive  lung disease   [ 9 ]. 

 Once a symptomatic  pericardial effusion   is 
identifi ed, a method of draining the fl uid to release 
the pressure must be implemented to restore  hemo-
dynamic stability  . The fi rst successful pericardiot-
omy was performed in 1815 by Romero and was 
an open procedure involving an incision through 
the chest wall and into the pericardium under direct 
vision [ 10 ]. The fi rst successful closed technique 
was documented in 1840 by Franz Schuh; it was a 
blind technique of inserting a trochar, without inci-
sion, to the fourth intercostal space [ 10 ]. Since that 
time, medicine has evolved to the point in which 
echocardiography- guided pericardiocentesis has 
become the gold standard [ 11 ]. Ideally this proce-
dure should take place with ultrasound guidance 
and under sterile conditions. During a cardiac arrest 
in which pericardial tamponade is suspected, a 
blind technique may still be used if no imaging 
equipment is available. Pericardiocentesis may 
only provide a temporary solution until a more 
defi nitive intervention can take place. An emergent 
surgical consultation should be obtained to evalu-
ate the need for defi nitive drainage. In trauma 
patients, pericardiocentesis is a temporizing 

maneuver when thoracotomy is not an available 
option. However, when a qualifi ed surgeon is pres-
ent, ATLS emphasizes immediate thoracotomy as 
defi nitive management [ 12 ].  

21.2     Causes 

 Patients at highest risk for  pericardial tamponade   
include those with acute or chronic pericarditis, 
malignancy, end-stage renal disease, recent cardiac 
surgery, infection, and trauma to the chest. The 
most common cause of pericardial tamponade is 
intrapericardial hemorrhage [ 5 ]. Sources of intra-
pericardial hemorrhage are penetrating wounds to 
the heart, myocardial infarction, cardiac contusion, 
auricle rupture, coronary or aortic aneurysm 
rupture, rupture of the base of sclerotic aorta, neo-
plasms, scurvy, tuberculosis of the pericardium, 
and purpura [ 5 ]. One large review of pericardial 
effusions found that the most common  diagnosis   
was acute idiopathic pericarditis (20 %), followed 
by iatrogenic effusion (16 %), malignancy (13 %), 
chronic idiopathic effusion (9 %), acute myocar-
dial infarction (8 %), end- stage renal disease (6 %), 
congestive heart failure (5 %), collagen vascular 
disease (5 %), and infection (4 %) [ 13 ].  

21.3     Indications 

 First and foremost, cardiac tamponade is a clini-
cal diagnosis. It is important to maintain a high 
degree of suspicion of cardiac tamponade in 
patients with appropriate clinical  signs and symp-
toms  . The most common symptoms of cardiac 
tamponade include [ 6 ,  11 ,  14 ]:

  Symptoms 
   Dyspnea  .  
  Anxiety.  
   Chest pain  .  
  Cold, moist skin.  
  Weak or imperceptible pulse.  
   Nausea  .  
   Dysphagia  .   

  Signs 

   Beck’s triad   (jugular venous distention, distant 
heart sounds, and hypotension).  
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   Pulsus paradoxus   (a drop in SBP of more than 
10 mmHg with inspiration during normal 
breathing [ 2 ]).  

  Electrical alternans—alternating high and low 
voltage QRS complexes.  

  Kussmaul’s sign—rise in jugular venous pres-
sure (JVP) on inspiration.  

   Cough  .  
   Unconsciousness  .  
  Pericardial friction rub.  
   Tachypnea  .  
  Low-voltage QRS.  
  Cardiomegaly on CXR.  
  Right-side heart collapse on echocardiography.    

 Once a patient presents with any of the above 
signs and symptoms and cardiac tamponade is sus-
pected, a bedside cardiac ultrasound should be 
obtained by a skilled practitioner. The FAST exam 
includes two different cardiac views to determine if 
there is cardiac tamponade. The fi rst view is the sub-
xiphoid view in which the ultrasound probe is placed 
in the subxiphoid region with the marker dot toward 
the patient’s right shoulder. The probe is then angled 
toward the left shoulder and allows the right ventri-
cle to be viewed adjacent to the left lobe of the liver. 
In this view, a pericardial effusion can be recognized 
between the liver and the heart while having the 
patient take a deep breath with enhance the image 
[ 15 ]. The second ultrasound view to evaluate for car-
diac tamponade is the parasternal view in which the 
ultrasound probe is placed just left of the sternum at 
the fourth and fi fth intercostal space directly over the 
center of the heart with the maker dot facing 4 
o’clock. This view shows the anterior and posterior 
pericardium [ 15 ]. Common echocardiogram fi nd-
ings consistent with cardiac tamponade include 
presence of pericardiac fl uid and diastolic collapse 
of the right atrium or ventricle [ 11 ,  14 ].  

21.4     Contraindications 

 In an emergency situation in which a patient is 
unstable, life is threatened, or no other immedi-
ate intervention is available, there is no absolute 
 contraindication   to pericardiocentesis. According 
to the European Society of Cardiology guide-
lines, aortic dissection is a major contraindica-
tion to pericardiocentesis [ 2 ]. 

 There are a few relative contraindications for a 
stable patient with cardiac tamponade which 
include coagulopathy, anticoagulant therapy, throm-
bocytopenia, small effusions, loculated effusions, 
and posteriorly located effusions [ 2 ]. Traumatic 
pericardial effusion, myocardial rupture, and aortic 
dissection are surgical emergencies and should not 
 b  e delayed by a pericardiocentesis procedure [ 14 ].  

21.5     Preparation 

21.5.1     Equipment 

 In ideal circumstances, this procedure should take 
place in an emergency department, intensive care 
unit, or cardiac catheterization lab. A pericardio-
centesis kit that has all the necessary equipment 
and a procedure cart with sterile equipment is 
optimal for promptness in this clinical emergency. 
If neither is available to you, the essential equip-
ment is listed below:

    Sterile gown  .  
   Sterile gloves  .  
   Facemask   with shield or protective eyewear.  
  Cap.  
  Chlorhexidine-based skin preparation solution.  
  18-gauge spinal needle.  
  Three-way stopcock.  
  20-ml or  larger syringe  .  
  20–25 gauge needle for local anesthetic infi ltration.  
   Local anesthetic   (1 or 2 % lidocaine).  
   Nasogastric tube  .  
  Wire with alligator clips on each end (for non- 

ultrasound procedures) (Figs.  21.1  and  21.2 ).

21.6             Positioning 

 Ideal positioning of a patient is semirecumbent 
with the head of bed at 30–45° angle as it 
brings the pericardium closer to the anterior 
chest. Supine positioning is also acceptable 
(Fig.  21.3 ).

21.6.1       Monitoring 

 Ensure continuous ECG and hemodynamic moni-
toring. Obtain adequate IV access. Provide airway 

21 Pericardiocentesis



  Fig. 21.1     Sterile attire         

  Fig. 21.2    Sterile 
pericardiocentesis tray       

  Fig. 21.3    Head of bed at least 
30°       
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and respiratory support as necessary. Have code 
cart and defi brillator nearby (Figs.  21.4  and  21.5 ).

21.7          Techniques 

 With each technique, preparation is similar:

•    Prepare the equipment and patient as rapidly 
as possible as this is an emergent procedure 
for an unstable situation.  

•   If time permits, place  nasogastric tube   to 
decompress the stomach and reduce risk of 
gastric perforation.  

•   Position patient in  semirecumbent position  .  
•   Utilize ultrasound to determine point of maxi-

mal effusion closest to the skin and furthest 
from any other surrounding structures.  

•   Prepare chest and upper abdominal area with 
chlorhexidine-based skin preparation solution.  

•   Utilize  local anesthetic   if time permits.  
•   Drape the area surrounding target site with 

 sterile towels  .  

•   Don sterile attire.  
•   Place ultrasound probe in  sterile sleeve  .  
•   If available, using continuous echography 

guidance, fi nd your target location; insert 
the needle, while continuously aspirating; 
and advance the needle into the fl uid 
collection.  

•   Confi rm placement of the needle in the peri-
cardial effusion by fl ushing 5 ml of agitated 
normal saline to form a microbubble con-
trast into the space to confi rm on 
ultrasound.  

•   Remove needle and allow catheter to remain 
in pericardial effusion.  

•   Withdraw fl uid until effusion no longer pres-
ent and patient is hemodynamically stable.  

•   Remove catheter and place dressing over 
insertion site.  

•   Send fl uid for diagnostic testing.  
•   Obtain CXR.  
•   Obtain formal  echocardiogram  .  
•   Consult surgery for possible surgical interven-

tion (Figs.  21.6 ,  21.7 ,  21.8  and  21.9 ).

  Fig. 21.4    Code cart and defi brillator       
  Fig. 21.5     ECG machine         
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  Fig. 21.6     Pericardial effusion         

  Fig. 21.7    Agitated saline 
contrast       

          Ultrasound-Guided Subxiphoid Approach   
  Find target location just below the xiphoid pro-
cess and the left costal margin. Insert the spinal 
needle with the stylet or a  steel   core with polytef-
sheathed needle; once the needle has punctured 
the skin, remove the stylet and attach a three-way 
stopcock and a 20-ml syringe. With continuous 
aspiration, advance the needle toward the left 
shoulder. Using ultrasound, guide the needle 
toward the largest  fl uid collection  . Empty the 
fl uid from the syringe by attaching tubing to 

three-way stopcock. Remove fl uid until hemody-
namic stability is reached or no further fl uid is 
available (Figs.  21.10  and  21.11 ).

      Ultrasound-Guided Parasternal Approach   
  Find target location in the fi fth intercostal space 
just lateral to the sternum. Use ultrasound to 
locate the largest  fl uid collection   and guide the 
needle perpendicularly into the pericardial sac to 
aspirate (Figs.  21.12  and  21.13 ).
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      Ultrasound-Guided Apical Approach     Find tar-
get location in the intercostal space below and 
1 cm lateral to the apical beat. Use ultrasound to 
locate the largest fl uid collection and insert nee-
dle, aim toward right shoulder, and aspirate 
(Figs.  21.14  and  21.15 ).

      Electrocardiographic Approach     Note that 
guidelines state that ECG injury monitoring is 
not an adequate safeguard [ 2 ]. When ultra-
sound is not available, attach a  sterile alligator 

clip and wire   to the spinal needed and connect 
the other end of the wire to a  precordial lead   
(i.e., V1) on a continuous ECG monitor. As 
you advance the needle (using any above 
approaches), monitor the ECG for ST eleva-
tion. If ST elevation occurs, the needle is 
advanced too far and in contact with the myo-
cardial surface. If this occurs, withdraw 
the needle until the ST elevation resolves and 
then redirect the needle and aspirate 
fl uid (Fig.  21.16 ).

  Fig. 21.8    Drainage of 600-ml 
pericardial fl uid       

  Fig. 21.9    Drainage of 850-ml 
pericardial fl uid with 
resolution of pericardial 
effusion       
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     Blind Approach     Use only with true emer-
gency and when neither ultrasound nor electro-
cardiographic monitoring is available. Find 
target just below  xiphoid process   and left cos-
tal margin. Insert needle at 45° angle and 
advance toward left shoulder with continuous 

aspiration until a fl uid return is obtained. 
Obtain ultrasound and CXR as soon as imme-
diately available. This technique has the high-
est risk of damage to adjacent structures as the 
liver, lung, diaphragm, and GI tract are all 
within the vicinity (Fig.  21.17 ).

  Fig. 21.10    Ultrasound-guided  subxiphoid   approach       

  Fig. 21.11    Echo image 
showing subxiphoid view of 
pericardial effusion       

  Fig. 21.12    Ultrasound-guided  parasternal approach         
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21.8         Post-Procedure Care 

 Once the pericardiocentesis is completed, 
remove the catheter and place a dry  sterile dress-
ing   over the insertion site. Ensure that the patient 
is hemodynamically stable. Obtain a formal 
ultrasound to ensure completion of drainage, 
adequate cardiac function, and no complica-
tions. A CXR should also be obtained to evaluate 

for a pneumothorax. An ECG should be obtained 
to evaluate for arrhythmias. Cardiology and sur-
gery consults should be obtained to determine if 
defi nitive treatment is necessary. Aspirated fl uid 
can be sent for analysis, gram stain, and culture 
to determine cause of pericardial effusion.  

21.9      Complications   

 The complications associated with emergent peri-
cardiocentesis for cardiac tamponade have signifi -
cantly decreased with the introduction of M-mode 
echocardiography-assisted pericardiocentesis in 
1978 [ 16 ]. Callahan and his group had no deaths in 
a series of 610 consecutive pericardiocentesis pro-
cedures guided by 2-D echocardiography [ 17 ]. 
The latest reported incidence of major complica-
tions is 1.3–1.6 % [ 2 ]. The most serious and com-
mon complications are laceration and perforation 
of the myocardium and coronary vessels [ 2 ]. 

 Other complications include rhythm distur-
bances, pneumothorax, and infection [ 2 ]. Bastian 
and his colleagues found no adverse events in 
patients undergoing primary pericardiocentesis 
via subxiphoid approach after pericardial effu-
sion was confi rmed on echocardiography with 
resolution of the pericardial effusion in 81 % of 
patients. However, patients requiring a second 

  Fig. 21.13    Echo image 
showing parasternal view of 
pericardial effusion       

  Fig. 21.14    Ultrasound-guided apical approach       
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  Fig. 21.15    Echo showing 
apical view of pericardial 
effusion       

  Fig. 21.17     Blind subxiphoid   approach for 
pericardiocentesis       

  Fig. 21.16     ECG guided   pericardiocentesis       

pericardiocentesis had a much higher complica-
tion rates and suboptimal results [ 18 ]. Callahan’s 
group performed 132 consecutive pericardiocen-
tesis procedures in 117 patients. The subcostal 
approach was used in 25 % and chest wall punc-

ture (majority in anterior axillary fi fth–seventh 
intercostal) was used in 64 % of patients. They 
used echocardiogram to choose site that is closest 
to the skin where the needle track will most 
effectively avoid any vital structures, but the 
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actual procedure was done without continuous 
echocardiographic visualization. Callahan’s 
group had no deaths, one  pne  umothorax, and 
only three minor complications [ 19 ].  

21.10     Summary 

 Cardiac tamponade is a clinical diagnosis. Once 
tamponade is suspected, if drainage is indi-
cated, it is best done in elective or semi-elective 
fashion if possible. Cardiac echography is the 
standard of care for guiding the procedure. 
However, if the cardiac tamponade is life-
threatening and imaging modalities are not 
available, the techniques are described for safe 
non-image-guided drainage of the pericardial 
space. Cardiac tamponade is a rare emergency 
that quickly leads to cardiac arrest and requires 
prompt clinical diagnosis and intervention.     

  Special Acknowledgments   Fred Carpenter and FRC 
Photography for all of the photographs included in this 
chapter. 

 Jose Ortiz, MD, for providing the ultrasound images 
included in this chapter.  
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22.1           Introduction 

  Intracranial hypertension (IC-HTN)      is a common 
neurologic complication in critically ill patients 
as it is the common pathway in the presentation 
of many  neurologic and non-neurologic disor-
ders   [ 1 ]. Normal intracranial pressure (ICP) is 
10–15 mmHg in the adult patient. ICH is an 
important predictive factor that affects patient 
mortality [ 2 ,  3 ]. Intractable IC-HTN (persistently 
above 20–25 mmHg) can lead to death or severe 
neurologic damage by either reducing  cerebral 
perfusion pressure (CPP)   thus causing cerebral 
ischemia or by physically compressing the brain 
or other vital structures. Rapid identifi cation of 
elevated ICP is needed in order to intervene 
appropriately to avoid the aforementioned nega-
tive effects of elevated ICP. ICP monitoring pro-
vides this important data for patients with 

intracranial hypertension or at an increased risk 
of high ICP, which can guide treatment. 
Treatments such as  hyperosmolar therapy   may be 
titrated on the basis of ICP. Moreover, the pattern 
as well as response to certain therapies helps pro-
vide clinicians insight into prognostication. 

 Intracranial pressure measurements were fi rst 
performed by Guillaume and Janny in 1951 [ 4 ]. In 
1960, Lundberg reported the fi rst continuous mon-
itoring of ICP using an  intraventricular catheter   in 
a series of 130 patients [ 5 ]. These landmark 
advances in neurological medicine gave clinicians 
a vital tool to care for patients with elevated ICP or 
the potential to develop elevated ICP. ICP moni-
toring is now a standard procedure for the man-
agement of various etiologies, head trauma being 
the most common and well described. Given the 
importance of this potentially lifesaving 
procedure, which was initially only placed by neu-
rosurgeons, the demand for  ICP monitor place-
ment   has exceeded the supply of surgeons in some 
institutions. Given this need, non-neurosurgeons 
including intensivists and Advanced Practice 
 Providers   (i.e.,  physician assistant  s and  nurse 
practitioner  s) have shown to be appropriate candi-
dates to place these monitors [ 6 – 8 ]. With appro-
priate training, placement of ICP monitors by 
Advanced Practice Providers (APPs) have the 
same complication rate of neurosurgeons, thus 
being a viable option for institutions [ 8 ]. This may 
provide a higher standard of care to institutions in 
which access to  neurosurgeons   is limited.  

mailto:dlizanopa@gmail.com
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22.2     Indications 

 In the setting of severe brain injury, regardless of 
the etiology, the patient will often have a poor 
neurologic exam and require mechanical ventila-
tion. For patients that fall into this category, the 
neurologic exam may not be a reliable indicator 
of ongoing brain injury secondary to intractable 
ICP. Patients on mechanical ventilation are 
oftentimes started on sedation (usually short act-
ing) for ventilator synchrony. In other scenarios 
for neuroprotective reasons, a patient may be 
started on sedatives and paralytics, foregoing a 
neurologic exam all together for long periods of 
time [ 9 ]. For this reason, any comatose patient 
(even if medically induced) with any pathology 
that can cause IC-HTN requires ICP monitoring. 
ICP monitoring can better characterize the nature 
of intracranial hypertension. These are best char-
acterized by Lundberg waves [ 10 ]. The P1 
(percussion wave) represents arterial pulsation 
during the ICP waveform. The P2 wave (tidal 
wave) is representative of intracranial compli-
ance. The P3 wave (dicrotic wave) is seen during 
 aortic valve   closure (Fig.  22.1 ). Interpreting these 
waves may give the clinician insight into the pat-
terns of pressure as well as the integrity of the 
ICP monitoring system. Moreover, if telemetric 
transduction is not possible, ICPs may be mea-
sured manually if an external ventricular drain is 

placed. The fl uid column may be raised at the 
level of the external auditory meatus to character-
ize a manual pressure reading.

   While considering whether a patient is a can-
didate for ICP monitoring, the clinician must also 
consider the type of ICP monitor to place. The 
most obvious difference between monitors is the 
ability to evacuate CSF in addition to measuring 
ICP which offers a therapeutic benefi t if needed. 
ICP monitors such as the Codman® or Camino® 
systems which are placed below the dura into the 
cerebral parenchyma do not allow for CSF drain-
age. These types of  catheters   are some of the 
most accurate ways of measuring ICP compared 
to monitors placed in the subarachnoid, subdural, 
or epidural space [ 12 ].  External ventricular drain-
age (EVD)   systems contain a catheter that goes 
through the frontal cortex into the ventricular 
system and allows for the measurement of ICP as 
well as diversion of CSF. Although being the 
most invasive of ICP monitors, EVDs are still 
considered the gold standard for ICP measure-
ment [ 13 – 14 ]. This treatment modality is required 
in patients with hydrocephalus, large amounts of 
intraventricular blood, and IC-HTN, which 
would benefi t from CSF evacuation. The benefi ts 
of placement must be weighed against its greater 
risk of bleeding and injury to the brain. 

 The most common indication for the  place-
ment   of an ICP monitor would be patients with 
 traumatic brain injury (TBI)  . Any patient who 
presents with a closed head injury (as evidenced 
by an abnormal head CT) with a Glasgow Coma 
Scale (GCS) score of 8 T or below requires the 
placement of an ICP monitoring device [ 12 , 
 15 ]. In addition, patients with a normal head CT 
with two or more of the following risk factors 
require continuous ICP monitoring: age > 40, 
systolic blood pressure (SBP) <90, decerebrate 
or decorticate posturing on motor exam (unilat-
eral or bilateral). Those with a higher GCS 
score who do not require sedation and have a 
reliable and stable neurologic exam generally 
do not require placement of an ICP monitor 
[ 15 ]. It would be reasonable to follow the 
patient closely without continuous ICP moni-
toring in the aforementioned scenario. This is 
often complicated in pediatric scenarios where 

Percussion wave

Normal ICP; normal compliance

Elevated ICP; reduced compliance

Dicrotic wave

Tidal wave
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  Fig. 22.1    Intracranial pressure waveform in conditions 
of normal ( top ) and abnormal ( bottom ) intracranial com-
pliance. Reprinted with permission from Elsevier [ 11 ]       
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the child is too young or developmentally 
delayed. In these circumstances, following a 
neurologic exam becomes challenging, and the 
need for invasive pressure monitoring may be 
needed to monitor ICPs. 

 Other common indications for placement of 
ICP monitors include intracranial hemorrhages 
such as  subarachnoid hemorrhage (SAH)   with 
intraventricular blood and acute hydrocephalus. 
It is also indicated in SAH patients with no 
radiographic signs of hydrocephalus but with 
signifi cant amount of intraventricular blood, as 
they are at such a high risk of developing  hydro-
cephalus  . In patients with Hunt and Hess Grade 
3 or greater SAH without obvious hydrocepha-
lus may also benefi t from prophylactic ICP mon-
itoring (EVDs in particular). Intracranial 
hemorrhages, specifi cally intraventricular hem-
orrhages, also require the  placement   of ICP 
monitors, for similar reasons as SAHs. 

 Large ischemic hemispheric  strokes   are not 
indications for ICP monitoring. The deteriorating 
neurologic exam of these patients is usually due 
to the displacement of midline structures such as 
the thalamus and the brain stem than of a mecha-
nism of globally increased ICP; therefore ICP 
monitoring will be of little benefi t [ 16 ]. On the 
other hand, ischemic cerebellar strokes with 
postinfarction edema causing obstructive  hydro-
cephalus   is an indication for the placement of an 
ICP monitor. Specifi cally an EVD would be most 
appropriate in this situation. However, this should 
be quickly followed by a decompressive hemi-
craniectomy. There is a theoretical risk of upward 
herniation in circumstances where CSF diversion 
causes the cerebellum to herniate superiorly 
towards the tentorium. 

  Cerebral edema   is the leading cause of death 
in patients with fulminant hepatic failure. 
Cerebral edema occurs in up to 80 % of patients 
with patients presenting with Grade 4 hepatic 
encephalopathy [ 17 ]. As a result it is recom-
mended to place an ICP monitor to this group 
of patients as it can help guide treatment as 
well as help allocate organs to patients with 
better neurologic prognosis [ 18 ] (please refer 
to Table  22.1  for a complete list of indications 
for ICP monitoring).

22.3        Contraindications 

 There are few contraindications for ICP monitor-
ing.  Coagulopathy   must be corrected before an 
attempt at placement of ICP monitor, as to limit 
iatrogenic intracerebral bleeding from the proce-
dure. The recommended coagulation profi le 
should be as follows:

•    Platelets >100,000/mcl.  
•   INR <1.5.  
•   PT and PTT < 1.5 times normal.  
•   Platelet inhibition with antiplatelet agents 

such as aspirin/clopidogrel or from uremia 
must be also be ruled out.    

 Patients with  thrombocytopenia   must be trans-
fused to a goal platelet count of greater than 
100,000/mcl. In patients unresponsive to platelet 
therapy, the clinician can consider the infusion of 
platelets during the procedure to minimize bleed-
ing. In the setting of platelet dysfunction from 

   Table 22.1    ICP insertion: indications and 
contraindications   

 Indications  Contraindications 

  Common    Relative  

 Traumatic brain injury with 
GCS < 8 (or >8 if on sedation) 

 Coagulopathy 

 Subarachnoid hemorrhage  Known bleeding 
disorder 

 Intracranial hemorrhage (ICH)  Anticoagulation 
therapy 

 Hydrocephalus  Platelet inhibitor use 

 Fulminant hepatic failure  Scalp infection 

 Space occupying lesions: 
epidural and subdural 
hematomas, tumors, abscesses 

 Lack of specialized 
personnel 

  Uncommon   Collapsed cerebral 
ventricles (for EVD) 

 Reye syndrome  CNS infections 

 Hypertensive crisis with 
encephalopathy 

 Severe midline shift 
causing displacement 
of ventricle 

 Lead ingestion with 
encephalopathy 

 Meningitis/encephalitis 
leading to malapsorption of 
CSF 
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Aspirin (ASA), it is recommended to transfuse 1–2 
units of platelets, preferably during the procedure. 
Patients on antiplatelet agents such as clopidogrel 
that cannot be reversed with platelet transfusion, the 
risk of placing such a drain must be weighed against 
its potential benefi ts. For other causes of platelet 
dysfunction such as  uremia   (as noted by a high 
BUN) or alcohol abuse, the injection of DDAVP 0.3 
mcg/kg before the procedure is reasonable. 

 Patients with elevated international normal-
ized ratio (INR) (>1.5) should be corrected with 
the transfusion of fresh frozen plasma (FFP), if 
rapid correction is necessary. Depending on the 
initial INR, FFP should be given based on the 
patients weight given more units of FFP if the 
initial INR is higher, to a goal of <1.5 [ 19 – 21 ]. 
The following is a potential guideline the clini-
cian may refer to based on the initial INR [ 19 ]:

•    INR 1.6–1.9: 10–15 ml/kg  
•   INR 2–3: 21 ml/kg  
•   INR 3–4: 29 ml/kg  
•   INR 4–5: 36 ml/kg  
•   INR 5–6: 43 ml/kg  
•   INR 6 or greater: 50 ml/kg    

 The effect of FFP usually lasts for 2–6 h, so it is 
best to perform the procedure within that time 
frame, preferably within 2 h. The clinician must 
also be aware of the possible side effects of FFP 
transfusion. The most common is  fl uid overload  , 
especially in patients who have a signifi cant car-
diac history with a predisposition to heart failure. 
Transfusion related acute lung injury (TRALI) has 
also been identifi ed as a complication of FFP trans-
fusion [ 22 ]. In patients whom transfusion of FFP 
may be problematic given the volume load, four-
factor prothrombin complex concentrate (Kcentra 
by CSL Behring LLC) may be given to temporarily 
reverse the effect of Coumadin [ 23 – 25 ].

•    INR 2– < 4: 25 units/kg, not to exceed 2500 units  
•   INR 4–6: 35 units/kg, not to exceed 3500 units  
•   INR >6: 50 units/kg, not to exceed 5000 units    

 The injection of 5–10 mg IV or PO of 
 vitamin K is also prudent to provide long-term 
reversal of coagulopathy from  Coumadin   

(SC or IM routes have variable absorption). 
Vitamin K does not take effect until approxi-
mately 6 h after the dose is given. 

 Recombinant activated factor VIIa (rFVIIa, 
NovoSeven, Novo Nordis A/S, Bagsvaerd, 
Denmark) given as a 40 mcg/kg or 2.4 mg IV 
injection can immediately correct coagulopathy 
due to warfarin use, liver failure, or patients unre-
sponsive to FFP [ 26 ,  27 ]. It has been shown to 
safely expedite the emergent placement of intra-
cranial monitors in cases where it would be a life-
saving procedure [ 28 ]. 

 In the setting of a large intracranial hemor-
rhage where the etiology of the bleeding has not 
been identifi ed, the clinician must be careful not 
to place the catheter in the  hemorrhagic collec-
tion   to avoid possible disruption or rupture of an 
underlying mass, aneurysm, or arteriovenous 
malformation [ 28 ].  Placement   of an ICP monitor 
within a blood clot will result in unreliable values 
as well as clot the system in the case of an EVD, 
rendering the monitor/drain ineffective. In 
instances where there is IC-HTN and the ventri-
cles are collapsed, the benefi t of placing an EVD 
will not outweigh its risk and therefore is not rec-
ommended. In circumstances with slit ventricles, 
using an intraparenchymal intracranial pressure 
monitor may be more optimal, as there is no 
immediate need for CSF diversion.  

22.4      Complications   

 After placing an ICP monitor or EVD, a CT scan 
of the head should be obtained to rule out some 
complications that can occur during placement 
(Table  22.2 ). Malposition and malfunctioning of 
ICP monitors or EVDs are the most common 
complications associated with this procedure 

   Table 22.2    Complications   

 Common  Uncommon 

 Malpositioning  Infection 

 Erroneous values  Intracerebral hemorrhage 

 Erroneous zeroing  Overdrainage of CSF causing 
subdural hematoma 

 Air leakage in to ventricle or 
subarachnoid space 
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with and incidence of 12–17 % versus 7–22 %, 
respectively [ 29 ,  30 ]. Malposition is most com-
monly seen with intraventricular devices, where 
the catheter either misses the ventricle or is 
inserted too far into the ventricle. Malfunctioning 
occurs in different ways for different types of 
monitors. If too much CSF is drained, the ven-
tricles collapse around the EVD, blocking the 
catheter. Parenchymal catheters can have a major 
problem of a drifting zero point as most cannot 
be  re-zeroed like EVDs, resulting in greater 
inaccuracy with length of monitoring. This inac-
curacy can lead to treatment decisions based on 
inaccurate clinical data. Catheters can also be 
dislodged or damaged making the monitor 
obsolete.

   A CT scan may also diagnose hemorrhagic 
complications such as intraparenchymal, subdu-
ral, and, in the case of EVDs, intraventricular 
bleeding. Recent studies have shown that 
catheter- related hemorrhages are more common 
for EVDs versus intraparenchymal monitors with 
the range being 1–33 % versus <1–2.8 %, with 
the risk of signifi cant hematoma requiring surgi-
cal evacuation being 0.5 % [ 12 ,  31 ,  32 ]. If a small 
hemorrhage is found, serial CT scans of the head 
should be performed to make sure the blood clot 
does not expand. Whenever evidence of a large 
or expanding hemorrhage is identifi ed, the device 
should be removed without delay. 

 Infection, such as local skin infection, osteo-
myelitis, meningitis, ventriculitis, encephalitis, 
can occur with the use of ICP monitors. The 
reported infection rates range from 0 to 27 % [ 32 , 
 33 ]. Factors that have been found to increase the 
risk of infection in ICP monitors are increased 
duration of monitoring, steroid use, and associ-
ated trauma patients with open depressed frac-
tures. Symptoms suggestive of infection should 
prompt CSF analysis for cell count and culture 
along with antibiotic therapy, as appropriate. 
Practices that can help reduce the incidence of 
infection are the use of aseptic technique during 
placement, limiting manipulation of ICP moni-
tors for sampling or fl ushing (if using an EVD), 
and administration of antibiotics during place-
ment. Continuing prophylactic antibiotics for 
ICP monitors remains a controversial topic 

(please refer to your specifi c institutional proto-
col) [ 34 ]. The routine removal and replacement 
of ICP monitors after 5 days is not recommended 
as it has not shown to reduce infection rates and 
actually increases the risk of  i  nfection [ 35 ].  

22.5     Procedure 

 Before starting this procedure, informed consent 
from the patient or appropriate surrogate is para-
mount. However, given the acuity of  neurologi-
cal illness  , it may be necessary to obtain 
administrative consent. 

22.5.1      Anesthesia   

 Care must be taken to avoid any movement by 
the patient during this procedure, be it voluntary 
or involuntary. Adequate sedation and analgesia 
must be given in order to achieve this goal. 
Depending on the patient’s neurologic status 
before the procedure, they may or may not be 
intubated. The decision must be made in order 
to prophylactically intubate the patient for air-
way protection prior to starting the procedure. 
This may be a safer option for patients with an 
already borderline neurologic exam as they will 
receive medications that can further alter their 
consciousness, thus compromising their airway. 
For those who are already in a comatose state, 
the clinician must avoid involuntary movements 
from the patient. A GABA receptor agonist 
should suffi ce in preventing these movements, 
typically a bolus of propofol 50–100 mg IV can 
be used. Alternatively a midazolam 2–4 mg 
bolus can be given for this purpose. It should be 
reminded that propofol does have an advantage 
of being shorter acting as compared to benzodi-
azepines such as midazolam. The use of any 
sedative can also have some cardiovascular 
effects such as hypotension and bradycardia 
(more common with propofol). The clinician 
must be aware of this and have fl uids easily 
accessible as well as a vasopressor (ie., Neo-
Synephrine or norepinephrine) if required for 
resuscitation. The skin incision is the most 
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 painful part of ICP placement, and usually a 
subcutaneous inoculation of local anesthetic 
around the incision site and extending down to 
the periosteum should suffi ce. If a tunneling 
technique is to be used then the local anesthetic 
should be injected along this area as well. If fur-
ther analgesia is required, then a fentanyl 25–50 
mcg bolus can be given. 

 If the ICP monitor will be placed on a patient 
who is conscious and adequately protecting their 
airway and can cooperate with the practitioner, 
then it would be reasonable to proceed with con-
scious sedation. Please refer to your institution’s 
policies and guidelines regarding providing con-
scious sedation. In general, care must be taken to 
provide supplemental oxygen via a facemask, 
keeping a close observation of the patient’s oxy-
genation and breathing patterns. If at any point, 
the patient’s respiratory status is compromised, 
the procedure should be suspended, and the air-

way should be protected via endotracheal intuba-
tion (assuming that the benefi ts of ICP monitor 
 place  ment outweigh the risk of intubation).  

22.5.2      Materials   

 A typical intracranial access kit will have the fol-
lowing components: (Fig.  22.2 )
    A.    Shaver   
  B.    Drape   
  C.    Ruler   
  D.    Marker   
  E.    Lidocaine   
  F.    Sutures   
  G.    Small sterile towel   
  H.    Large sterile towel   
  I.    Lidocaine   
  J.    Ruler   
  K.    Marker   

  Fig. 22.2    Materials include in a typical cranial access kit       
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  L.    10 ml syringe × 2   
  M.    Small angiocatheter   
  N.    Large angiocatheter   
  O.    Small spinal needle   
  P.    Large spinal needle   
  Q.    11 blade   
  R.    15 blade   
  S.     Retr  actor   
  T.    Drill   
  U.    Small drill bit   
  V.    Drill bit   
  W.    Hex key   
  X.    Hemostat   
  Y.    Needle Driver   
  Z.    Toothed forceps   
  AA.    Toothless forceps   
  BB.     Sut  ure scissors   

22.5.3        Insertion Techniques 

22.5.3.1      Tunneled Intraparenchymal   
ICP Monitor (Codman®) 

 Additional items needed:

•    Codman® box with cables and ICP wire  
•   Tunneling device  
•   Sterile saline  

•   Sterile dressing
    1.    Keep the head elevated at 30° with the 

neck straight. This will ensure that the 
venous drainage from the head will help 
naturally lower ICPs.   

   2.    Identify Kocher’s point (located 10 cm 
from the glabella and 3 cm from the mid-
line). This can be confi rmed by drawing 
an intersection from the mid-pupillary line 
as well as a line 1 cm anterior to the coro-
nal suture. This is similar to the site of an 
external ventricular drain (Fig.  22.3 ). This 
site can be converted from an ICP monitor 
to an EVD if CSF diversion is desired.

       3.    Shave and prep the area thoroughly.   
   4.    Incise the skin (0.5–1 cm length) down to 

the pericranium over Kocher’s point and 
place a small self-retaining retractor.   

   5.    Drill the bone through the outer cortical 
layer, inner cancellous layer, and 
inner table.   

   6.    Create a tunnel before opening the dura. 
Within the sterile fi eld at an appropriate 
location away from Kocher’s point, make 
skin incision towards the direction of 
Kocher’s point.   

   7.    Use the tunneling device with the stylet in 
to create the tunnel towards Kocher’s 

3 cm

11 cm

Kocher’s
Point

Glabella

Tragus

Kocher’s Point Line from
Tragus

Line to Medial Canthus

a b c

  Fig. 22.3    Depiction of ideal ICP monitor placement at 
Kocher’s point: (1–2 cm anterior to the  coronal suture   in 
mid-pupillary line or 11 cm posterior from the glabella 
and 3 cm lateral from midline). The ideal 

trajectory is toward the ipsilateral medial canthus with the 
catheter maintained in the same coronal plane as 
the tragus. Reprinted with permission from Springer [ 28 ]       
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point. Then remove the stylet, leaving the 
sheath in place. Feed the ICP catheter 
from the incision site and  throu  gh the 
sheath. Remove the sheath.   

   8.    Zero the device by handing the distal por-
tion of the wire to the bedside nurse/assis-
tant who will connect this to the cable of 
the Codman box. Make sure to maintain 
sterility of the proximal portion during 
this step. Place the tip of the ICP catheter 
under sterile saline. The assistant should 
then turn on the Codman box and select 
the calibrate screen. Record the calibra-
tion number and label it on the box.   

   9.    Open the dura with a spinal needle or 
number 11 blade.   

   10.    Place the ICP monitor 1–1.5 cm deep 
from the dura and confi rm placement with 
a waveform or an ICP number.   

   11.    Close the skin incision at Kocher’s point 
in standard fashion. Place a “U-stitch” 
around the catheter where it exits the skin. 
For added security, create a redundant 
loop of wire and anchor it to the skin with 
suture.   

   12.    Make sure to confi rm a waveform at the 
end of the procedure.   

   13.    Removal of this device is accomplished 
by pulling the catheter from the exit site 
and  closi  ng the tunnel site with a stitch.         

22.5.3.2      Intraparenchymal ICP Bolt   
(Camino®) 

 Additional items needed:

•    Camino® box with cables, including drill bit 
specifi c to the kit.  

•   Petroleum gauze.   
    1.    Follow the steps 1–4 mentioned previ-

ously (may consider using a site slightly 
anterior to Kocher’s point, leaving the 
option for placing and EVD with minimal 
complications).   

   2.    Attach drill bit that is included in the mon-
itoring device kit to be inserted. Cranial 
access kits include additional drill bits, 
which will create an inappropriate burr 
hole that is not compatible with the bolt.   

   3.    Drill the bone through the outer cortical 
layer, inner cancellous layer, and inner table.   

   4.    Open the dura with a spinal needle or 
number 11 blade.   

   5.    Pass ICP catheter through the bolt prior to 
insertion to measure the depth to which 
the catheter is to be inserted. Keep note of 
the catheter markings from the extracra-
nial portion of the catheter (as it exits the 
bolt) as this will be the depth you will be 
inserting the catheter when bolt is in 
place. For adults, this distance is usually 
6.25 cm from the top of the cap which is 
then pulled back to around 6 cm.   

   6.    Place the bolt into the burr hole perpen-
dicular to the scull. Screw in the bolt 
clockwise with your hand to fi nger tight. 
The bolt can enter the skull at different 
depths. This is especially true for differ-
ent  age   group. A spacer can be used to 
offset the Camino® bolt (to keep the 
distance consistent).
    a.    Neonates: 2–3 mm spacer   
   b.    Pediatrics: 3–5 mm spacer   
   c.    Adults: 0.5–1 cm spacer    

      7.    Place stylet into the bolt before zeroing 
the ICP monitor to ensure the dura has 
been opened and then remove. The ICP 
catheter must be zeroed to ambient air 
prior to insertion.   

   8.    Pass the ICP catheter through the bolt, 
securing it at the desired depth by tighten-
ing the compression cap (until snug). 
Gently pull back on the ICP catheter to 
make sure it is secured.   

   9.    Suture the skin around the bolt using a 
“U-Stitch”. Close any remaining portion 
of the skin incision with simple inter-
rupted stitches.   

   10.    Wrap the base of the bolt with petroleum 
gauze.   

   11.    For added security, create a redundant 
loop of the ICP catheter and anchor it to 
the  ski  n with suture.    

22.6          Pearls   

•     Preferable to place ICP monitor over region of 
suspected increased pressure.  

•   Place ICP monitor with consideration for pos-
sible surgical intervention.
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 –    Try to avoid the region of an intraparen-
chymal hemorrhage, stroke, or underlying 
mass.     

•   Hold the drill perpendicular to the skull to pre-
vent slipping of drill while drilling. Be careful 
not to use too much pressure to avoid inadver-
tently drilling too deep and puncturing the dura.  

•   It is important to re-zero ICP monitor (under 
sterile saline) if it does not correlate with the 
arterial line (some devices are not capable of 
re-zeroing after the procedure is fi nished).  

•   If an error occurs during initial calibration: 
 –     Reset the Codman box and make sure all 

connections are secure.  
 –   If resetting does not work, then change the 

box/cable.  
 –   Inspect for a defect in the ICP wire. 

Retunnel another wire if necessary.     
•   Prophylactic antibiotic coverage for the ICP 

monitor may prevent cerebritis.  
•   Confi rmatory imaging may be acquired ste-

reotactically in the event of external drain 
conversion for CSF diversion.  

•   Children with a fontanel may serve as a natu-
ral ICP monitor. Can also use this as a site for 
monitor placement so that  drillin  g through the 
skull can be avoided.     

22.7      Pitfalls   

•     Going too deep with the ICP monitor may 
cause hemorrhage.  

•   Caution introducing bone fragments into the 
parenchyma during burr hole drilling.  

•   Constant surveillance of waveform to ensure 
accuracy and consistency of ICP monitor. 
Following inaccurate  informa  tion may lead to 
treatment errors.     

22.8     Conclusion 

 ICP monitoring has proven to be effective and is 
the standard technique for accessing ICP in 
patients with various etiologies of brain injury. 
Given the demand for  placement   of ICP monitors, 
non-neurosurgeons including intensivists,  physi-

cian assistant  s, and  nurse practitioner  s have been 
shown to place these monitors at the bedside with 
similar results as neurosurgeons. These clinicians 
must remain familiar with the technical aspects of 
placing these monitoring devices. If performed 
correctly, these devices can be placed effi ciently 
and safely in the  ICU  . This provides the severely 
brain injured patient the appropriate care they 
need in a timely fashion.     
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      Extraventricular Drains 
and Ventriculostomy                     

     Senthil     Radhakrishnan       and     Eric     Butler     

       An external ventricular drain ( EVD  ), as the 
name implies, is a system used to drain cerebro-
spinal fl uid ( CSF  ) from the ventricles of the 
brain into an external collection chamber via a 
sterile closed system. The system has four dis-
tinct parts: the ventricular catheter, the intracra-
nial pressure ( ICP  ) transducer, the manometer, 
and the drainage bag. 

 Also referred to as the extraventricular drain 
or  ventriculostomy  , it allows the  temporary   drain-
age of CSF from the lateral ventricles of the brain 
and serves as a diagnostic tool to monitor ICP or 
a therapeutic tool to drain excess  CSF   and intra-
ventricular hemorrhage ( IVH  )    and reduce ICP in 
the preoperative, intraoperative, or postoperative 
setting. The system employs a combination of 
gravity and the ICP to serve its purpose. 

 A retrospective epidemiology study done in 
2008 revealed that more than 24,000 EVDs are 
placed each year in  the   United States alone [ 1 ]. 
Even though it is one of the most commonly per-
formed procedures in neurosurgery, it requires fre-
quent revision. Another retrospective study 
revealed that approximately 23 % of all EVDs 
placed had to be revised after initial placement. The 

study revealed that only 6 % of EVDs were replaced 
due to improper initial placement. Catheter occlu-
sion accounted for 8 %, while 7 % were due to acci-
dental removal or disruption of the EVD [ 2 ]. 

23.1     Cerebrospinal Fluid 
and the  Ventricles      

 The human ventricular system is composed of 
four CSF-fi lled spaces that are normally in com-
munication with each other (Fig.  23.1 ). CSF fl ows 
from the two lateral ventricles located in the two 
cerebral hemispheres into the third ventricle that 
is located inferior to the lateral ventricles and in 
between the thalamus and hypothalamus through 
the foramen of Monro. From the third ventricle, 
fl ow is directly through the cerebral aqueduct of 
Sylvius into the fourth ventricle located in the 
brain stem and encased by the pons and medulla 
anteriorly and the cerebellum posteriorly. From 
the fourth ventricle, the CSF fl ows through the 
foramen of Magendie and Luschka into the cen-
tral canal of the spinal cord. As the CSF fl ows into 
the central canal, some of the CSF fl ows into the 
cisterns of the subarachnoid space and around the 
dural venous sinuses and eventually reabsorbed 
into the venous system via arachnoid villi and 
restored back in to the blood circulation [ 3 ].

   The two lateral ventricles are larger in  volume 
when compared to the third and fourth ventricles. 
Each lateral ventricles can be anatomically divided 
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into a body, frontal horn (anterior), occipital horn 
(posterior), and temporal horn (inferior). 

 CSF is produced by the highly vascular and 
specialized choroid plexus located in the ventri-
cles at a rate of approximately 20–25 ml/h averag-
ing approximately 500 ml/day. The ventricles and 
subarachnoid space contain about 100–150 ml of 
CSF at any given time. CSF plays an important 
role in providing buoyancy to protect the brain 
and spinal cord from shock and trauma as well as 
maintaining a constant extracellular fl uid chemi-
cal environment for neuronal activity, transport of 
essential nutrients, and acid–base regulation.  

23.2     Intracranial  Pressure   

 ICP is the pressure inside the cranium and is 
measured in the same unit as blood pressure: 
mmHg. The normal ICP in adults ranges <10–
15 mmHg [ 4 ]. According to the  Monro–Kellie 
doctrine  , the pressure within the skull translates 
to the pressure within the brain tissue and 
CSF. Also since the volume within the cranium 
is anatomically fi xed, the doctrine states that the 
sum of the pressures of the contents, namely, 
brain tissue, CSF, and blood, should remain 
constant at any given time. Hence in any patho-
logical state, the increase in pressure in one of 
the components must be negated by a decrease 
in one or the other two components to keep the 
ICP normal [ 5 ]. 

 Sustained elevation of ICP is associated with 
increased mortality and morbidity. Blood fl ow to 
the brain is affected by fl uctuations in the 
ICP. Cerebral perfusion is dependent upon the 
mean arterial pressure (MAP) and the ICP. Cerebral 
perfusion pressure ( CPP  )    = MAP − ICP. Regardless 
of where the pathology is, be it in the brain tissue 
or CSF or intracranial blood, the resultant increased 
 ICP   results in decreased CPP. When there is an 
increase in ICP, autoregulation raises systolic 
blood pressure (SBP), vasodilates intracranial 
blood vessels, and increases MAP. This autoregu-
lation attempts to restore CPP but does not always 
do so perfectly. Autoregulation can only take place 
in a fi xed range, and beyond this range, the small 
arterioles cannot make changes at systolic pres-
sures outside of 60–160 mmHg [ 6 ]. 

 When increases in ICP overwhelm the body’s 
compensatory mechanisms, there is decreased 
cerebral blood fl ow. At critically low levels, 
alterations in neuroglial metabolism result in 
ischemia and eventually infarction of brain tis-
sue. In the most serious of instances, this can lead 
to herniation and death [ 4 ,  7 ].  

23.3     Indications for an External 
Ventricular Drain [ 3 ,  4 ,  8 ] 

 There are a myriad of conditions that can cause 
intracranial hypertension where placement of an 
 EVD   may be considered. Examples include 
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  Fig. 23.1    Cerebral ventricular system          
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space-occupying lesions,  intracranial hemor-
rhage (ICH)   secondary to trauma, vascular mal-
formation or coagulopathy, infection of the 
central nervous system (CNS), and polytrauma 
requiring heavily sedating medications where 
monitoring of a patient’s neurological examina-
tion is not possible. An ICP monitor, such as an 
EVD, is usually not warranted in a patient who 
can localize noxious stimuli or follow commands 
consistently. These patients can often be fol-
lowed with serial and reproducible neurological 
examination. However, regardless of the mecha-
nism of insult, the two most important inclusion 
criteria for insertion of an EVD are a  Glasgow 
Coma Scale (GCS)   ≤8 and either an abnormal 
CT brain or a normal CT brain with ≥2 of the 
following risk factors [ 4 ]:

   Age >40 years.  
  SBP <90 mmHg.  
  Unilateral or bilateral decerebrate or decorticate 

posturing on motor exam.    

 Specifi c conditions that have been cited as the 
potential cause for  placement   of an EVD are as 
follows [ 3 ,  9 ]:

    1.    Subarachnoid hemorrhage ( SAH  )    Hunt and 
Hess grade ≥3 due to rupture of any aneu-
rysm or arteriovenous malformation (AVM), 
arteriovenous fi stula (AVF), cavernous mal-
formation, or trauma.   

   2.    Intracranial mass lesions causing vasogenic 
and/or cytotoxic edema, midline shift, and/or 
signs of herniation.   

   3.    Infection: meningitis, cerebral abscess, epi-
dural abscess, subdural empyema, and 
cryptococcal.   

   4.    Traumatic or atraumatic intracranial hemor-
rhage (ICH): epidural hematoma (EDH), 
subdural hematoma (SDH), intracerebral or 
intraparenchymal hemorrhage (ICH/IPH), 
hypertensive hemorrhage, and IVH.   

   5.     Traumatic brain injury (TBI)   including diffuse 
axonal shear injury (DAI) and contusions.   

   6.    Penetrating injury: gunshot wounds and 
open skull fractures.   

   7.     Hydrocephalus   due to either increased CSF 
production (rare), obstruction of CSF fl ow 

pathway, or decreased reabsorption. EVD 
catheter placement usually is the same for 
either communicating hydrocephalus caused 
by poor reabsorption in the subarachnoid villi 
or noncommunicating hydrocephalus due to 
obstruction anywhere within the four ventri-
cles. EVD placement may change if there is a 
trapped ventricle requiring selective place-
ment to drain that ventricle or placement of 
two even up to three EVD catheters.   

   8.    Chiari malformation causing obstruction of 
CSF outfl ow due to the downward displace-
ment of the posterior fossa structures.   

   9.     Idiopathic intracranial hypertension   also 
known as benign intracranial hypertension 
or pseudotumor cerebri.   

   10.    Elective intraoperative placement to facili-
tate brain relaxation/prevent tight brain or 
herniation of brain through craniotomy site. 
Note: CSF should be drained only after the 
dura is opened to prevent  intraoperative   rup-
ture of aneurysm [ 4 ].    

23.4       Contraindications 
for Placement of EVD 

 If there is a need to monitor intracranial pres-
sures, other than a patient with a GCS ≥8 and or 
following commands with a reliable neurological 
exam to follow [ 4 ], the contraindications for an 
EVD placement are generally relative, meaning 
they can be modifi ed or treated to make the situ-
ation more favorable.

    1.    Coagulopathy.   
   2.    Anticoagulation.   
   3.    Thrombocytopenia.   
   4.    Active infection at or near potential insertion 

site on the scalp, over osteomyelitis in the cra-
nial vault or trajectory traversing epidural 
abscess or subdural empyema.   

   5.    Lack of facility and personnel to monitor the 
EVD.    

  Patients  on   anticoagulant or antiplatelet ther-
apy pose an additional risk of procedure-related 
bleeding or expansion of an already existing 
intracranial hemorrhage. A good history, 
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current coagulation panel, and proper reversal 
of these medications are crucial prior to inser-
tion of an EVD. It is relatively easy to reverse 
the effect of warfarin with fresh frozen plasma 
(FFP), vitamin K, and prothrombin complex 
(PCC). Correcting the INR to ≤1.3 before inser-
tion of EVD decreases risk of bleeding/expan-
sion of intracranial bleed [ 10 ]. In contrast, 
while the new class of anticoagulants such as 
dabigatran (direct thrombin inhibitor), rivarox-
aban, and apixaban (factor Xa inhibitors) are 
gaining popularity due to their anticoagulation 
properties with more reliable dose–response 
relationships without the need for blood-level 
monitoring [ 11 ], there is a lack of proven anti-
dote  for   reliably reversing their effects in the 
event of an intracranial hemorrhage or prior to 
an EVD insertion [ 12 ]. 

 Rapid reversal  of   anticoagulation prior to 
EVD insertion can be achieved by FFP or recom-
binant factor VIIa (rVIIa) or PCC. Situations 
requiring multiple doses of FFP may cause vol-
ume overload and take valuable time and criti-
cally delay the procedure. Due to its rapid 
reversal capacity, rVIIa has a propensity to cause 
increased thrombotic complications like myo-
cardial infarction and venous thromboembo-
lisms [ 12 ]. PCC is the newest arsenal to combat 
the effects of anticoagulants and is comprised of 
either three factors (factor II, IX, and X) or four 
factors (factor II, VII, IX, and X). These are 
being used more often for its rapid reversal 
properties and low-volume requirements pre-
venting volume overload and reportedly being 
superior to FFP [ 13 ,  14 ]. 

  Thrombocytopenia   is a relative contraindica-
tion that can be corrected with platelet transfu-
sion. The American Association of Hematology 
recommends a platelet count >100,000/μl prior 
to a neurosurgical procedure. Platelet count in 
patients who have received antiplatelet therapy 
such as aspirin and clopidogrel is irrelevant as 
the platelets are dysfunctional and are usually 
treated with a unit of platelets before neurosurgi-
cal procedure [ 15 ]. 

 The table below matches  the   anticoagulant 
with its appropriate antidote.

 Anticoagulant  Emergent reversal agents 

 Unfractionated 
heparin 

 Protamine sulfate (within 4 h) 

 Enoxaparin  Protamine sulfate (within 8 h), 
rVIIa 

 Fondaparinux  Consider rVIIa but no specifi c 
antidote 

 Lepirudin  Consider FFP and 
cryoprecipitate but no specifi c 

antidote 

 Argatroban  Consider FFP and 
cryoprecipitate but no specifi c 

antidote 

 Warfarin  FFP and vitamin K or PCC (3 
or 4 factor) 

 Dabigatran  Limited data to consider FFP, 
rVIIa, and PCC. Dialysis may 

be needed 

 Rivaroxaban  PCC (3 or 4 factor), FFP, rVIIa 

 Apixaban  PCC (3 or 4 factor), FFP, rVIIa 

   Intraparenchymal fi beroptic monitors, sub-
arachnoid bolts, and epidural sensors are some-
times used as less invasive monitoring systems 
for measuring intracranial pressures, but they 
cannot drain CSF. These are employed when  an   
EVD is technically impossible or if the goal is 
just to measure ICP and there is no indication for 
therapeutic drainage of CSF.  

23.5     Monitoring Intracranial 
Pressure Waveform 

 Even with the advent of  modern   less invasive 
microtransducers for ICP monitoring, the EVD 
with an external pressure transducer is still 
used to monitor ICP because they provide an 
added advantage as a conduit to egress CSF 
and thereby decrease ICP. In other words, an 
EVD can be both diagnostic and therapeutic. 
When an EVD is attached to an external pres-
sure transducer, it can be used to obtain accu-
rate ICP and this can be displayed as a waveform 
on the monitor. It is imperative to understand 
the basic component of ICP waveform. 

 Understanding ICP waveforms can help iden-
tify patients at risk for developing decreased cere-
bral perfusion due to increased ICP and decreased 
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compliance of the brain which in turn aids in 
timely intervention [ 9 ]. The ICP waveform bears 
some correlation with the cardiac cycle and is a 
triphasic wave with three distinct peaks. From an 
ascending to descending amplitude they are P1, 
P2, and P3, where P1 is the tallest and P3 the 
shortest (Fig.  23.2 ). Any change in the amplitude 
from this  norm   is a refl ection of changes in the 
CPP and compliance of the brain [ 16 ].

   Also known as the “percussive”  wave  , the 
tallest fi rst peak P1 is the result of arterial pres-
sure transmitted from the choroid plexus. “Tidal” 
 wave  , the second peak P2, signifi es brain compli-
ance and the last peak P3 is referred to as the 
“dicrotic”  wave   and is the result of the aortic 
valve closure. As the ICP increases, the ampli-
tudes of these waves increase, and if it goes 
unchecked, P2 may not only become taller than 
P1 but may also displace it (Fig.  23.3 ). Changes 
in waveform amplitudes, especially increase in 
P2, precede actual increase in ICP. Since ICP 
waveform correlate with arterial pressure wave-

forms, rise and fall of systemic blood pressure 
results in similar rise and fall in ICP [ 17 ].

   Decrease in brain compliance also results in 
pathological waves that are best visualized when 
plotted against time and was originally described 
by Lundberg.  Lundberg   A waves are pathological 
and warrant immediate intervention. The “A” 
waves refl ect acute and abrupt increase in ICP last-
ing approximately 5–10 min followed by a rapid 
decrease caused by early herniation of the brain. 
Lundberg B waves fall and rise intermittently at a 
frequency of 0.5–2 waves/min and are associated 
with an unstable ICP  and   are often associated with 
vasospasm in cerebral blood vessels [ 16 ].  

23.6     EVD Insertion Sites 

 EVD insertion is  a   common bedside procedure 
performed based on a sound understanding of sur-
face anatomy and relationship of anatomical land-
marks. Even though it is a free-hand bedside 
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procedure and done outside the operating room, it 
must be done with utmost sterile technique and 
aseptic precautions with careful attention to detail. 
A recent CT scan of the brain usually precedes an 
EVD insertion to facilitate decision on the entry 
and trajectory of the EVD catheter. The common 
sites of insertion of the EVD catheter are:  

23.7      Kocher’s Point   

    Cranial location: frontal.  
  Landmarks: 10–11 cm posterior to the nasion and 

3 cm lateral to the midline which correlates to 
the mid-pupillary line. It is 1 cm anterior to 
coronal suture (Fig.  23.4 ).

      Trajectory: perpendicular to the skull with trajec-
tory in the coronal plane, toward the medial 
canthus of the ipsilateral eye.  

  Placement: frontal horn of the lateral ventricle 
close to the foramen of Monro.  

percussion
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dichrotic
   (venous)

tidal
   (rebound)
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P1

P2
P3

P2
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P3
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         compliant cranium

high pressure wave,
         non-compliant cranium

  Fig. 23.3    ICP Waveform 
analysis       

  Fig. 23.4    Anatomic location of Kocher point       
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  Depth: <5–7 cm from the outer table of the 
skull [ 4 ].  

  Notes: predominantly placed in the right side 
as it is the nondominant side in majority of 
the patients, lies anterior to  the   motor 
strip and lateral  to   the superior sagittal 
sinus [ 18 ].     

23.8      Frazier’s Point   

    Cranial location: parieto-occipital.  
  Landmarks: 6–7 cm superior to inion and 3–4 cm 

lateral to midline which is 1 cm anterior to the 
lambdoid suture.  

  Trajectory: perpendicular to the skull toward 
the glabella or medial canthus in the 
sagittal plane [ 4 ] or contralateral medial 
canthus [ 19 ].  

  Placement: traverses the length of the lateral ven-
tricle with the tip in the frontal horn beyond 
the foramen of Monro.  

  Depth: after passing 5 cm, the stylet should be held 
and the rest of the catheter soft passed further up 
to 10 cm from the outer table of the skull [ 18 ].  

  Notes: inherently carries increased risk for 
misplacement of the catheter with  increased 
  morbidity [ 19 ].     

23.9      Keen’s Point   

    Cranial location: posterior parietal.  
  Landmarks: 2.5–3 cm superior and 2.5–3 cm 

posterior to the ear.  
  Trajectory:    perpendicular to the cortex.  
  Placement: frontal horn of the lateral ventricle.  
  Depth: 4–5 cm [ 20 ].     

23.10      Dandy’s Point   

    Cranial location: occipital.  
  Landmarks: 3 cm above the inion and 2 cm lat-

eral to midline.  
  Trajectory: perpendicular to the cortex and 

slightly cephalic [ 20 ].  
  Placement: frontal horn of the lateral ventricle.  
  Depth: 4–5 cm.  
  Note: more common in infants than adults where 

it coincides with the lambdoidal suture and 
mid-pupillary line. The  trajectory   carries  a   
risk of damage to visual pathways [ 4 ].     

23.11      Paine’s Point   

 Paine’s and modifi ed Paine’s points are done 
intraoperatively after craniotomy to induce brain 
relaxation while performing pterional craniot-
omy and transsylvian craniotomy approaches for 
repair of unruptured intracranial aneurysms [ 21 ] 
and are beyond the scope of this chapter and 
expertise of the authors (Image  23.1 ).

   Kocher’s point at the right frontal area is the 
most widely used approach due to its ease of 
placement compared to others and more forgiv-
ing secondary to approaching via the nondomi-
nant hemisphere. The most preferred location of 
the tip of the catheter is for it to terminate in the 
frontal horn of the lateral ventricle just anterior to 
the foramen of Monro as it is free of choroid 
plexus and prevents clogging. Patient can remain 
supine with the EVD out of the way of other 
monitors. Additionally,  the   patient may be posi-
tioned to accommodate any other injuries 
(Images  23.2  and  23.3 ).

  Fig. 23.5    Leveling of transducer       
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23.12         Procedure 

 Since EVD insertion on the right side at the 
Kocher’s point is the most commonly employed 
procedure for ICP monitoring and CSF drain-
age at the authors’ institution, it is explained in 
detail with step-by-step procedures. A single 
dose of broad spectrum IV antibiotic such as 
cefazolin or in case of penicillin allergy vanco-

mycin is recommended prior to incision. The 
adaptation and attention to aseptic precautions 
cannot be overemphasized. Furthermore sev-
eral studies have documented that antimicro-
bial- impregnated   catheters decrease the rate of 
CSF infections and their use is encouraged. A 
recent large meta- analysis and systematic 
review concluded that the overall rate of infec-
tion in the antimicrobial- impregnated EVD 

  Image 23.1    ( a )  Massive   intraventricular hemorrhage. ( b ) External ventricular drain terminating at third ventricle       

  Image 23.2    ( a )  Subarachnoid   hemorrhage. ( b ) External ventricular drain terminating in the inferior aspect of the right 
frontal horn just superior to the foramen of Monroe       
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catheters was 3.6 % compared to 13.7 % in the 
standard EVD catheters along with a signifi -
cant decrease in the rate of bacterial coloniza-
tion of the catheter [ 22 ]. 

 The key to a successful procedure even 
when done under an emergent situation is 
being thoroughly prepared and have all neces-
sary things readily available. Having a second 
pair of hands to help in the authors’ experience 
can reduce time and help adherence to sterile 
technique (Table  23.1 ).

23.13        EVD Placement 

     1.    View the appropriate studies (CT/MRI) to 
assess the pathology and determine the nec-
essary trajectory.   

   2.    Consent the patient when  appropriate   or sur-
rogate in accordance with your institutional 
guidelines.   

   3.    Check coagulation parameters and platelets. 
Correct if necessary.   

   4.    Order preprocedural antibiotics in accor-
dance with your institutions’ protocols.   

   5.    Gather your supplies and prepare your work 
area. See Table  23.2 .

       6.    Kocker’s point on the right side is the most 
commonly used placement point and will be 
the focus of this section.   

   7.    Using a tape measure, map out Kocker’s 
point. At this point, you can place an empty 
EKG lead at the nasion and tragus in 
order to make them easier to fi nd after you 
drape.   

   8.    Using electric hair clippers, remove the hair 
over an area adequate to place the EVD, 
tunnel approximately 3–4 cm away from 
the site, and place an occlusive dressing.   

  Image 23.3    ( a ) Left  parietal   intraparenchymal hemorrhage. ( b ) External ventricular drain terminating in the right 
frontal horn and patient is s/p left hemicraniectomy       

   Table 23.1    Interpretation of ICP changes   

 Conditions that 
increase ICP  Waveform changes 

 Increased mass lesion  Increase waveform amplitude 
(P2) 

 Increased CSF volume  Increase/decrease waveform 
amplitude: little change in 

waveform components 

 Increased blood 
pressure 

 Increase waveform amplitude 
(P1) 

 Increased venous 
volume 

 Hypoventilation 
 Venous compression 

 Increase waveform amplitude 
(P2) 

 Rounding of ICP waveform 
due to increase in later 
waveform components 

  With permission from Codman  
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   9.    Place the patient in supine position with the 
neck neutral and the nose directly up. Using 
a surgical marking pen, draw out the midline 
and the coronal suture as well as your line 
coming off midline to Kocker’s point 
(Fig.  23.4 ).   

   10.    Ensure that all of your supplies are placed in 
an easily accessible location and put on a 
mask, surgical cap, and a pair of sterile gloves.   

   11.    Prep the entire shaved area with  iodine   or 
chlorhexidine (CHG)-based prep according 
to your institutions’ protocols. Prep widely 
and allow the prep to dry. While the prep 
dries, use this time to put on your sterile 
gown and new sterile gloves.   

   12.    Use sterile towels to drape out the work 
area and remark your lines if you have 
scrubbed them off. Place the sterile cranial 
drape over the work area. It is highly rec-
ommended to obtain clear cranial drapes 
so that you can still see the relevant sur-
face anatomy.   

   13.    Using lidocaine with epinephrine and a 25 
gauge needle, raise a large weal over 
Kocker’s point. You can also inject over the 
planned exit site of your tunneled catheter at 
this point.   

   14.    Ensure that your pt. is appropriately anesthe-
tized for their level of consciousness   

   15.    Make your incision thru the skin, down to 
bone. It is preferred to use an inverted J inci-
sion so that it may be used for future shunt 
placement; however it is acceptable to use a 
3 cm linear incision as well.   

   16.    Place a small retractor into the incision and 
spread it apart so that you can visualize the 
bone. At this point you should scrape the 
periosteum to either side of the incision away 
from where you are going to be drill. Also 
ensure at this point that you are not drilling 
on or posterior to the coronal suture.   

   17.    You are ready to drill the hole that will be 
used for placement of the catheter. You 
should begin to assess your trajectory. Ideally 
this will be in a plane perpendicular to the 
skull. Your target is an intersection of two 
planes. One in sagittal plane moving poste-
rior from the ipsilateral medial canthus and 
one in coronal plane moving medial from 
just in front of the ipsilateral tragus. Where 
these planes meet 4.5–5.5 cm below the inner 
table of the skull is your target. There are 
several commercially available guides or ste-
reotactic systems available for clinicians that 
may be helpful  for   those that do not place 
these catheters on a regular basis.   

   18.    Once you have decided on your trajectory, set 
the depth stop on the drill that you are using. 

   Table 23.2    Preparation for procedure   

 Equipment  Extras 

 Cranial access 
kit 

 Sterile 
gown × 2 

 25 Ga 
needle 

 Sterile marking 
pen × 2 

 Sterile gauze boat  CSF culture 
tubes × 2 

 Needle 
driver 

 EVD catheter 
kit 

 Sterile 
gloves × 2 

 18 Ga 
 needle 

 Preservative free 
normal saline 
fl ush 

 Chlorhexidine 
scrub kit/swabs 

 3/0 nylon 
suture × 3 

 Bone wax if 
not in kit 

 EVD drainage 
system 

 Surgical 
cap and 
mask × 2 

 10 cc 
sterile 
syringe 

 Electric hair 
shaver 

 Chlorhexidine 
BIO patch/coated 
Tegaderm patch 

 Benzoin swabs/
mastisol swabs 

 Spinal 
needle if not 
in cranial 
access kit 

 Sterile no 
fl ush 
transducer 

 Sterile 
drape 
sheet × 2 
and/or 
sterile 
clear 
cranial 
drape 

 5 cc 
sterile 
syringe 

 EKG leads × 2  Sterile package 
towels (4 total) 

 Bipolar 
cautery if 
available 
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Keep in mind that the drill stop is not intended 
to stop the drill from plunging if you push 
hard. It is there as a visual guide. You do not 
want to plunge the drill bit into the brain and 
create a new hemorrhage. Apply light pres-
sure and begin to spin the drill bit faster. 
Allow the drill bit to do the work; you do not 
have to push the drill bit thru the bone. You 
will feel a distinctive change in resistance 
when you penetrate the outer table of the 
skull and enter the cancellous bone which is 
softer. The same is true when you leave the 
cancellous bone and enter the inner table. At 
this point check your depth stop to ensure 
that you do not have more than approxi-
mately 2–4 mm to go. As you exit the inner 
table, there will be a complete loss resistance; 
stop turning the drill bit at this point; you do 
not want to tear any vessels on the surface of 
the dura. Remove the drill and clear any bone 
chips away with sterile saline and some pick-
ups. If heavy bleeding is encounter in the 
bone, use bone wax to stop the bleeding 
before proceeding any further.   

   19.    Now it is time to puncture the dura. It is 
important to inspect the dura for vessels 
before this is done to ensure that bleeding is 
minimized. Use a spinal needle to make a 
small puncture in the dura that can then be 
enlarged; using the tip of the needle, enlarge 
the hole in the shape of a cross until it is large 
enough to pass the catheter.   

   20.    After wetting the ventricular catheter with 
sterile saline, using two hands to steady the 
catheter, assume the same trajectory that was 
used to drill the skull. Ensure that the stylet 
is to the tip of the catheter but not beyond. 
Begin advancing the catheter slowly through 
the parenchymal tissue. At approximately a 
depth of 4–5 cm, you should feel a distinc-
tive change in resistant; this is what is termed 
as “feeling the pop.” This is actually the 
catheter penetrating the wall of the ventricle 
and entering the fl uid-fi lled space of the ven-
tricle. If you feel this, stop and withdraw the 
stylet to see if you have CSF return.  If  you do 
not feel this by 6 cm,  stop  anyhow and with-
draw  the   stylet to see if you have CSF return.   

   21.    If you have return of CSF from the catheter, 
leave the stylet out and soft pass the catheter 
to a maximum distance of 6–7 cm at the skull 
surface. You are now ready to tunnel the 
catheter and begin suturing it in place.   

   22.    If you have not gotten CSF return, you need to 
gently replace the stylet and remove the cath-
eter. Clean the tip of the catheter to remove 
any tissue clogging the holes. Reassess your 
trajectory and try again. You should not make 
more than three passes at maximum without 
CSF return. If you do not get CSF return on 
your third pass, it is recommended to leave 
that catheter in place and secure it like you 
would a successful pass and get a CT scan to 
assess the placement of the catheter.   

   23.    Once the catheter is in place and you have 
CSF return, you should keep the tip of the 
catheter clamped to ensure that overdrainage 
doesn’t occur. At this time you use the 
manometer to measure the opening pressure 
and collect 3 ml of CSF into two separate 
collection tubes for CSF analysis.   

   24.    Using the trocar provided with the EVD kit, 
tunnel the catheter away from the incision 
area for at least 3–4 cm. Keep in mind future 
planning of shunt trajectory so that your 
tunnel misses where the shunt would need 
to be. Where the EVD exits the skin, use a 
3–0 nylon suture to secure this tightly to the 
skin without restricting fl ow. The EVD 
should lay fl at against the bone in the inci-
sion when it has been successfully tunneled 
and sutured in place.   

   25.    Cut the trocar off the catheter and place the 
provided luer lock on the catheter and secure 
with a 3–0 silk tie.   

   26.    Using 2–0 or 3–0 Vicryl suture, you can 
attempt to close the galea, but do no sew 
through the drain. Then use 3–0 nylon to close 
the skin, again taking great care not to punc-
ture the catheter. The best practice here is to 
 throw   all the sutures fi rst and then tie them, 
that way you have the best  visualization of the 
entire wound when you put a needle in it.   

   27.    After the skin is closed, wrap the catheter in a 
coil on the head and use the 3–0 nylon suture to 
secure it to the scalp at three separate locations. 
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Again, this needs to be tight to keep the cathe-
ter from being pulled out, but not so tight as to 
restrict fl ow of CSF. Using tincture of benzoin 
to outline the area of the dressing, place an 
occlusive dressing over the coiled catheter. It is 
recommended to use a CHG eluding patch or 
coated Tegaderm type dressing.   

   28.    After making sure that the drainage system is 
completely fl ushed, attach the distal end of 
the ventricular catheter to the drainage sys-
tem. Ensure that there is appropriate fl ow of 
CSF at the drip chamber and level the drain-
age system to the patients’ tragus (Fig.  23.5 ). 
This corresponds to the foramen of Monro. 
The appropriate drainage level will be deter-
mined by the opening pressure, the pathol-
ogy present, and the desired treatment effect.   

   29.    It is worth mentioning here that having a sec-
ond skilled and experienced individual help 
with these procedures is  always   very helpful 
and recommended. Have a second pair of 
hands to help get into sterile gown, to hold 
the head still while you drill, and to have an 
extra pair of eyes to look at the trajectory that 
you are using. Always use all the help avail-
able to you.         
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24.1           Introduction 

 This chapter will discuss the commonly seen indi-
cations, contraindications, anatomy, procedural per-
formance, and complications of lumbar puncture 
(LP) or “ spinal tap  ” in the emergent setting. LP is 
performed as a diagnostic intervention to evaluate 
cerebrospinal fl uid (CSF) or as a therapeutic inter-
vention for many neurologic conditions. While the 
procedure can be technically challenging, clinician 
success readily improves with knowledge and 
experience performing the procedure. CSF is col-
lected by utilizing a hollow bore needle to access 
the lumbar cistern. In patients being evaluated for 
 meningitis   or  encephalitis  , antibiotic administration 
should not be delayed by either computed tomogra-
phy (CT) imaging or completion of LP. While most 
complications are benign and self-limited, the clini-
cian should be aware of rare, but serious, complica-
tions that may result in disability or death.  

24.2      Indications   

 Lumbar puncture (LP) is a minimally invasive pro-
cedure performed for both diagnostic and thera-
peutic evaluation. In the emergency medicine and 
critical care settings, it is most often used to evalu-
ate for  meningitis   or  encephalitis   [ 1 ], specifi cally 
in patients presenting with headache and fever 
without a source and certainly in the setting of 
recent travel. While it has been reported that mod-
ern third generation CT of the head is extremely 
sensitive in identifying  subarachnoid hemorrhage 
(SAH)   within the fi rst 6 h of symptom onset [ 2 ], 
LP may be pursued in patients with a negative CT 
for SAH who have a concerning clinical presenta-
tion (e.g., thunder- clap onset or “worst ever” head-
ache) or in those who have negative CT imaging 
with symptom onset of >6 h. In non-emergent set-
tings, LP is more often used in the evaluation of 
unexplained neurologic symptoms after neuroim-
aging to diagnose and treat pseudotumor cerebri, 
degenerative neurologic  disease  s,  Guillain–Barré 
syndrome  ,  neurosyphilis  ,  tuberculosis  ,  metastatic 
disease  , or as a route of delivery for medications, 
specifi cally for spinal anesthesia, intrathecal 
 administration   of antibiotics, and chemotherapeu-
tic agents, or to perform myelography.  

        C.  J.   Schulz ,  PA-C      (*) •    A.  W.   Asimos ,  MD     
  Department of Emergency Medicine ,  Carolinas 
Medical Center-Main ,   1000 Blythe Boulevard , 
 Charlotte ,  NC 28203 ,  USA   
 e-mail: Christian.schulz@carolinashealthcare.org; 
Andrew.Asimos@carolinashealthcare.org  

mailto:Christian.schulz@carolinashealthcare.org
mailto:Andrew.Asimos@carolinashealthcare.org


226

24.3      Contraindications   

 LP should not be performed in patients with 
intracranial mass or abscess as a sudden decrease 
in intracranial pressure may cause cerebral her-
niation. It should also be avoided in any patient 
with epidural abscess or overlying skin infection 
as this may spread or introduce bacteria into the 
subarachnoid space [ 3 ]. Caution should be used 
in performing LPs on patients with coagulopathy 
or underlying bleeding disorders as this may 
result in epidural hematoma formation. If LP is 
indicated in the latter case, however, it may be 
necessary to reverse the coagulopathy, infuse 
clotting factors, or administer fresh frozen  plasma 
  prior to performing the procedure [ 4 ].  

24.4      Anatomy   

 The brain fl oats in a thin layer of CSF that circu-
lates within the ventricular system and extends to 
the subarachnoid space of the brain and spinal 
cord. While the choroid plexus may produce up 
to 500 ml of CSF each day, about 150 ml is pres-
ent at any given time [ 5 ]. CSF provides protec-
tion from injury and fi lters cellular waste from 
brain tissue. In its natural state, the fl uid is a clear 
and colorless substance that consists primarily of 
water and is measured as mm H 2 O. 

 The brain and spinal cord are protected by 
three meningeal layers—the dura mater, arach-
noid mater, and pia mater. The dura mater, or 
“tough mother,” is the strong and dense outer-
most meningeal layer that contains and protects 
the underlying structures. This area also contains 
the venous blood vessels that carry blood from 
the brain to the heart. The arachnoid mater, or 
“spider mother,” forms the middle layer. It con-
sists of a thin layer that attaches to the dura mater 
with web-like collections of fi bers that extend 
through the subarachnoid space attaching to the 
pia mater. CSF circulates within this subarach-
noid space and is constantly being reabsorbed 
into the bloodstream by the arachnoid villi. The 
pia mater, or “tender mother,” is the thin and 
delicate innermost meningeal layer that envelops 

the brain and spinal cord. This layer contains 
blood vessels that allow for blood exchange, but 
the layer is essentially non-permeable and is the 
structure most responsible for maintaining the 
blood–brain barrier. 

 The spinal cord originates from the medulla 
oblongata and terminates in the lumbar spine at 
the L3 level at birth. Although there may be some 
variation during growth to adulthood, the spinal 
cord eventually terminates at about the L1 level. 
This terminal end is called the conus medullaris. 
Fibrous terminal threads, called fi lum terminale, 
proceed distally to the level of the sacrum and 
provide longitudinal support to the spinal cord. 
Surrounding these threads is a bundle of  spinal   
nerves which make up the cauda equina, or 
“horse’s tail,” which terminate at the S2 level. As 
the spinal cord terminates, the subarachnoid 
space becomes more prominent. This area is 
known as the lumbar cistern and is the area in 
which lumbar puncture is performed (Fig.  24.1 ).
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24.5         Pre-Procedure   

     1.    Antibiotic administration should not be 
delayed by neuroimaging, completion of LP, 
or in awaiting test results when the clinical 
suspicion of  meningitis   or  encephalitis   is 
likely. If a delay is anticipated, blood cul-
tures should be obtained and empiric antibi-
otics should be administered. Antibiotics 
administered even up to 2 h prior to the pro-
cedure will not decrease CSF culture results 
due to the interval delay for the medication 
to cross the blood–brain barrier [ 4 ,  6 ].   

   2.    CT of the head should be considered in all 
patients of advanced age, those who are 
immunocompromised or have a seizure his-
tory, and in patients who have papilledema 
or any focal neurologic symptoms prior to 
performing LP.   

   3.    When possible, consent should be obtained 
which discusses the risks and benefi ts of per-
forming the procedure. Explaining the steps 
of the procedure to the patient and family 
may help alleviate anxiety, but it will also 
provide the patient pertinent information 
regarding procedural expectations. Parents 
or signifi cant others may feel more comfort-
able stepping out of the room during the pro-
cedure, but they may also be seated in front 
of the patient to provide emotional support 
and comfort.   

   4.    Consider the use of conscious sedation, 
inhalant anesthetics, anxiolytic medications, 
local anesthetic injections, needle—free 
injections or topical anesthetic creams prior 
to the procedure on a case-by-case basis. 
The use of needle-free jet injection of 1 % 
lidocaine in infants seems to reduce pain 
before LP [ 7 ]. The use of topical anesthetic 
cream is also benefi cial and may allow for 
lower dosage need of intravenous analgesic 
agents especially in the pediatric population 
[ 8 ]. Topical anesthetic creams, however, 
must be applied 30–60 min prior to the pro-
cedure and may not be practical to use in the 
emergency setting. In infants who require 
LP emergently, as little as 0.1 ml of oral 
sucrose on a pacifi er provides pain relief in 
those <2–6 months of age, but local anes-
thetic infi ltration will likely still be required 
to anesthetize the deep tissues in infants >3 
months of age [ 9 ].   

   5.    Ensure that adequate ancillary staff is avail-
able to assist with patient holding or equip-
ment needs during the procedure.   

   6.    Lumbar puncture tray (Fig.  24.2 ) and other 
equipment should be readily available at the 
bedside.

       7.    Ideally, the patient should be placed in the lat-
eral recumbent position which will allow for 
opening pressure measurements. The patient 
should be instructed to lie in the fetal position 

  Fig. 24.2    Lumbar  puncture   tray       
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near the edge of the bed, with the shoulders 
and pelvis squared on the bed, chin tucked 
and knees fl exed to the chest while maintain-
ing alignment of the spine. Suggesting that the 
patient anteriorly fl ex the pelvis while simul-
taneously arching the low back will help fl ex 
the lumbar spine, thus opening the interspaces 
as opposed to protruding the sacrum which 
will close the interspaces.   

   8.    Infants and obese patients may be placed in 
the upright position; however, opening pres-
sure measurements are unable to be accu-
rately obtained in this position. In newborns, 
optimal performance can be achieved by sit-
ting the infant with hips fl exed with spinal 
needle trajectory angled 65–70° and with 
proper spinal needle depth calculated as 
2.5 × weight in kilograms + 6 mm [ 10 ]. Infant 
pulse oximetry should be monitored during 
the procedure as  over   fl exion of the head can 
lead to hypoxia and respiratory arrest. Adults 
may be placed sitting upright on the exami-
nation bed while leaning over a tray stand to 
fl ex the lumbar spine.   

   9.    The level of the iliac crest lies at the L4 spi-
nous process (Fig.  24.3 ). The interspace 
cephalad to this is L3–L4 which is the ideal 
interspace for subarachnoid access in adults 
and older children. An additional interspace 
cephalad is L2–L3 which would also provide 
adequate subarachnoid access. The subarach-

noid space narrows signifi cantly, however, 
caudal to L3–L4 which makes subarachnoid 
access in these interspaces much less suc-
cessful. The L1–L2 interspace should be 
avoided to ensure that the conus medullaris is 
not injured. The interspace caudal to the L4 
spinous process is L4–L5 which is the ideal 
LP site in infants and younger children.    

   10.    While palpating the spine of the iliac crest, 
locate the L4 spinous process. The sulcus 
cephalad to the L4 spinous process and caudal 
to the L3 spinous process is the L3–L4 inter-
space (Fig.  24.4 ). Using the thumbnail, an 
“X” can be impressed onto the skin overlying 
this area to identify the site at which lumbar 
puncture will be performed. This should be 
made at the midpoint between and at the mid-
line level of the spinous processes (Fig.  24.5 ). 
It may help to remind the patient to fl ex the 
hips and arch the low back during the impres-
sion. Evaluating the L2–L3 interspace at this 
point is appropriate especially if the L3–L4 
interspace does not adequately fl ex or is diffi -
cult to identify. Alternatively, a sterile skin 
marker can be used to create cross- hairs over-
lying this area. While there may be no advan-
tage to utilizing bedside ultrasound guidance 
in routine LPs, it may be a valuable tool in 
identifying spinal landmarks, reducing com-
plications, and improving effi ciency particu-
larly in obese and pediatric patients [ 11 – 14 ].

  Fig. 24.3    Anatomic  landmark   to identify L4 spinous process       
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24.6              Procedure   

     1.    Ensure that the LP tray is opened in a sterile 
manner. Don face mask, gown, and other 
personal protective equipment if needed.   

   2.    Apply sterile gloves and inspect that all 
needed equipment is included in the LP tray.   

   3.    A sterile drape may be placed on the surface 
of the bed. With sterile-gloved hands 
between a 1/3 fold of the sterile drape, care-
fully tuck it under the patient’s fl ank.   

   4.    Open the povidone-iodine swabs or use 
povidone-iodine and sterile gauze to prepare 
the skin in sterile fashion. If the patient has a 
povidone-iodine allergy, chlorhexidine may 
be used. At the site of the impressed “X” or 
cross-hairs, begin sterile preparation in small 
circles moving peripherally to create an 
approximate 10 cm area of povidone-iodine 
coverage. Three sterile cleansing passes 
should be performed while each time work-
ing from the central point to the periphery.   

   5.    The paper backing strips on the fenestrated 
drape should be removed and the drape 
should be carefully applied over the patient’s 
iliac crest with the “X” impression or cross- 
hairs in the open center portion of the fenes-
tration. There should be no visible areas of 
non-cleansed skin within the fenestration. 
The povidone-iodine should be allowed to 
dry; however, any excess povidone-iodine 
can be wiped with sterile gauze. While main-
taining sterile fi eld, it may be judicious at this 
point to reidentify the L3–L4 interspace and 
perform a repeat “X” impression with the 
thumbnail so that the site can be confi rmed.   

   6.    Using the fi lter straw, aspirate the lidocaine 
1 % into a 5 cc syringe. Remove the fi lter straw 
and affi x a 25 gauge needle to the syringe. At 
the center point of the “X” impression or 
cross-hairs, inject a small amount of lidocaine 
forming a wheal. The needle can be withdrawn 
slightly and can be redirected toward the 
umbilicus in the trajectory that the spinal nee-
dle will follow so that a small amount of lido-
caine can be injected deeper into the 
subcutaneous tissue. Next, affi x a 22 gauge 
needle to the syringe, and with the remainder 
of the lidocaine 1 %, inject this deeper into the 
tissue following the same trajectory. Providing 
infi ltration bilaterally may offer additional 
anesthetic  benefi t  . Additional lidocaine may 
be required in larger-sized or obese patients to 
provide adequate local anesthesia.   

   7.    While again suggesting that the patient ante-
riorly fl ex the pelvis and simultaneously arch 

  Fig. 24.4    Identifying  the   L3–L4 interspace       

  Fig. 24.5     Thumbnail   impression marking the site of 
lumbar puncture       
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the low back, place the 20 gauge spinal nee-
dle bevel up to the L3–L4 interspace. The 
sulcus will likely be diffi cult to appreciate at 
this point as the injected lidocaine may skew 
landmarks, and so entering the skin at the site 
of the lidocaine injection is most practical. 
While 22 gauge spinal needles can be used in 
children of all ages, smaller spinal needle size 
can be considered given the clinical scenario. 
Non-stylet needles or “butterfl y needles” 
increase the risk of subarachnoid cyst evolu-
tion and should not be used. Also consider 
that a 5 in. spinal needle may be required to 
successfully complete LP in obese patients.   

   8.    It is important to maintain the spinal needle 
level in the midline of the interspace, but 
angled slightly toward the umbilicus. 
While stabilizing your hand with the index 
and middle fi ngers against the patient’s 
back, brace the spinal needle with the 
thumb and index fi nger. With the opposite 
hand, hold the spinal needle hub between 
your thumb and index and middle fi ngers 
and slowly advance through the tissues 
(Fig.  24.6 ). If bone is encountered, simply 
withdraw slightly and redirect the spinal 
needle. It is not uncommon for the patient 
to feel pain down one leg during this pro-
cedure, but the patient should be encour-
aged to remain as still as possible until the 
procedure is completed.

       9.    Experienced providers will often feel the 
“pop” as the needle enters the dura, but this 
may not be readily identifi ed in those less 
experienced in performing the procedure. 
Advance the spinal needle slightly and remove 
the stylet. It should be noted that a similar 
“pop” sensation may be felt with penetration 
of the ligamentum fl avum; however, with the 
needle tip in this location, CSF drainage will 
not be seen with removal of the stylet.   

   10.    If the dural “pop” is not appreciated after 
the spinal needle has been advanced 3 cm, it 
is good practice to remove the stylet and 
assess for fl uid. If there is no CSF drainage, 
replace the stylet, advance 1–2 mm, and 
reassess until subarachnoid space access 
has been achieved. The CSF should appear 
clear or should clear as it is collected 
(Fig.  24.7 ). Xanthochromia, or the yellow-
ish discoloration of CSF when compared 
against a white background, suggests SAH 
and may be seen within 2 h of symptom 
onset. If the fl uid appears clotted, lumbar 
puncture should be repeated at an alternate 
level as this is likely a “traumatic tap” or 
inadvertent venous plexus puncture. 
Remember that it is not normal for blood to 
be in the subarachnoid space.

       11.    Once access has been confi rmed, attach  the   
stopcock onto the spinal needle and secure 
the manometer to assess opening pressure. 

  Fig. 24.6    Hand  position 
  when advancing the spinal 
needle       
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It is important to maintain control, and 
placement of the spinal needle during this 
as the manometer can be cumbersome to 
attach and remove from the spinal needle. 
The opening pressure should be noted 
while the patient relaxes and slightly 
extends the lower extremities; however, 
there will be variation in the pressure with 
cough or respiration. An opening pressure 
range of 80–200 mm H 2 O is normal in 
adults, while 50–100 mm H 2 O is normal in 
children. In patients with elevated opening 
pressures consistent with pseudotumor 
cerebri, an appropriate amount of CSF 
should be drained to normalize pressure.   

   12.    After obtaining the opening pressure, empty 
this fl uid into CSF tube #1. Close the stop-
cock and remove the manometer. Next, col-
lect CSF in tubes #2–4, ensuring that a 
minimum of 1 ml is obtained in each tube. 
Depending on the patient’s clinical indica-
tion for LP, additional CSF may be required 
and this can be placed in tube #4. A total of 
4–8 ml should be obtained considering tests 

needed. Ensure that the tubes are labeled in 
the order of collection or placed in sequential 
order to be labeled after the procedure.   

   13.    Replace the stylet and withdraw the needle. 
Hold gentle pressure with a sterile gauze to 
the area and place a sterile dressing or adhe-
sive  bandage   over the puncture site.      

24.7      Post-Procedure   

     1.    All sharps should be accounted for and dis-
posed of properly.   

   2.    Previous teaching has suggested that the patient 
be placed supine for 1–24 h post- procedure as 
it had been postulated that this position may 
limit occurrence of post-LP headache. While 
there is evidence that using atraumatic or blunt 
spinal needles may decrease occurrence of 
post-LP headache, there is no consensus that 
rest, intravenous fl uids, patient position, or 
even spinal needle size prevents or limits 
occurrences of post-LP headache [ 15 – 18 ].   

   3.    Antibiotics should be administered when indi-
cated if not completed prior to performing LP.   

   4.    Analgesic or antiemetic medications should 
be provided if needed.   

   5.    CSF collection tubes should be labeled appropri-
ately and hand carried to the facility laboratory.      

24.8      CSF Tests   

 Generally, tube #1 should evaluate cell count with 
differential, tube #2 protein and glucose, and tube 
#3 gram stain and culture. A second cell count and 
differential as well as any additional tests can be 
evaluated via CSF collected in tube #4. Comparing 
the results from tube #1 and tube #4, the clinician 
should note stabilized or decreased CSF red blood 
cell (RBC) count which would suggest inadver-
tent venous plexus puncture, or a “traumatic tap.” 

 The degree of CSF white blood cell count 
(WBC) pleocytosis can be calculated using the 
following corrective calculation:

  Fig. 24.7    CSF  demonstrating   blood-tinged clearing in 
the order of collection       
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or by calculating a CSF RBC to CSF WBC ratio 
of about 700:1 when peripheral cell counts are 
normal [ 19 ]. An RBC count of >10,000 in the 
fi nal collection tube signifi cantly increases the 
odds of SAH [ 20 ]. If SAH is suspected after 
review of test results, CT angiography of the 
head and neck should be performed. In children, 
“traumatic tap” may be suggested if for every 
1000 cell increase in CSF RBCs, CSF protein 
increases by 1.1 mg/dl [ 21 ]; however, elevation 
in CSF RBCs is also a common fi nding of HSV 
infection which should be considered in the set-
ting of “traumatic taps.” 

 Elevation in the CSF WBC (>5) is suggestive 
of  meningitis  ; however, CSF WBC count alone 
does not distinguish between viral and bacterial 
cases. In bacterial meningitis, cell counts are 
often markedly elevated and associated with an 
elevation in CSF  protein   and a decrease in CSF 
glucose, but normal cell counts may be seen espe-
cially in patients pretreated with antibiotics. Gram 
stain demonstrating polymorphonuclear cells and 
organisms further suggests bacterial meningitis, 
whereas CSF culture will confi rm the diagnosis. 

 Additional studies such as Venereal Disease 
Research Laboratory (VDRL), India Ink, her-
pes simplex virus (HSV),  Cryptococcus , cytol-
ogy, oligoclonal bands, arbovirus antibodies, 
and immune complexes may be considered 
depending on patient age, comorbidities, and 
clinical presentation.  

24.9      Complications   

 While LP is widely considered to be a safe proce-
dure, it is not risk-free. The most widely reported 
complication is post-LP headache which may 
occur in 25 % of patients. Presumed to be a result 
of intracranial hypotension, this headache is gen-
erally described as positional, specifi cally worse 
with sitting upright or standing and better with 
lying supine. It is a self-limiting complication 
that may be treated with analgesic medications, 
caffeine, or by blood patch wherein venous blood 
is injected into the lumbar cistern via a second LP 
[ 22 ]. While platelet aggregation may be the 
mechanism by which headache resolves, it is 

likely that the effect of increasing CSF pressure 
during the injection is responsible for immediate 
resolution of the headache [ 23 – 25 ]. 

 As the spinal needle penetrates several layers 
of tissue, minor bruising around or bleeding from 
the LP site may occur. Back pain at the site of LP 
is common and may persist for several days and 
in rare cases for several months, but this should 
be self-limited and may be treated with NSAIDS 
or other analgesic medications. It is possible that 
transient paresthesia or radiculopathic com-
plaints occur during the procedure or shortly 
thereafter; however, rarely do patients experi-
ence radiculopathic complaints beyond this. 
Patients may fi nd that back rest in the days imme-
diately after the procedure may shorten the course 
of localized back pain; however, bed rest should 
generally not be recommended. 

 Subarachnoid cyst formation may occur as a 
complication of penetration into the subarach-
noid space, but neurosurgical intervention is 
infrequently required. LP site infection, epidural 
abscess, and  meningitis   are serious complica-
tions, but are rarely reported. Patients presenting 
with these complications may be signifi cantly ill 
or septic, and prompt identifi cation and manage-
ment is essential. Epidural hematoma is a poten-
tial complication caused from venous plexus 
injury during the procedure.    Patients may com-
plain of pain and have focal neurologic fi ndings 
which may be a signifi cant complication if cord 
compression leads to central cord ischemia. The 
condition is usually diagnosed by magnetic 
 resonance imaging (MRI) of the lumbar spine 
and may require neurosurgical intervention. 

 One of the more concerning complications is 
that of cerebral herniation which is catastrophic 
and often fatal. Herniation usually occurs within 
the fi rst 12 h after the procedure, most often in 
patients with previously unidentifi ed brain mass 
or with signifi cantly elevated intracranial pres-
sure. The mechanism of herniation is thought to 
be due to a sudden drop in pressure as a result of 
the procedure and may occur in up to 5 % of 
patients undergoing LP who have bacterial men-
ingitis [ 26 ,  27 ], although it may occur in patients 
with other neurologic conditions as well. Cerebral 
herniation can occur in patients with normal head 

C.J. Schulz and A.W. Asimos



233

CT and this alone does not infer that LP is safe to 
perform. Clinical fi ndings suggestive of impend-
ing herniation include deteriorating level of 
 consciousness, Cheyne–Stokes respiration, pos-
turing, or seizures. LP should be avoided in these 
patients and interventions to control intracranial 
pressure should be the priority followed by emer-
gent CT evaluation [ 27 ,  28 ].     
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25.1           Introduction 

  Sinusitis   is a recognized infectious complication 
in the critically ill patient. If left untreated, it can 
lead to serious complications, such as brain 
abscess formation, meningitis, postorbital celluli-
tis, and pneumonia. Patients that are at highest 
risk for developing sinusitis are those receiving 
ventilatory support via a nasotracheal tube; those 
with nasal colonization of gram-negative bacteria, 
facial trauma, nasogastric tubes, and nasoenteric 
tubes; or who have received  antibiotic therapy  . 

 The maxillary sinus is the most commonly 
affected.  Diagnosis   is often made with specifi c 
imaging studies (i.e., CT scan) as the classic signs 
for sinusitis (facial pain, malaise,  fever  , purulent 
nasal discharge) are often unobtainable because 
the patient is usually intubated, has other sources 
of infection, and is receiving analgesics and anti-
pyretics [ 1 ]. The CT scan will usually demonstrate 
thickened mucosa as well as opacifi cation of the 
 sinus   or an air-fl uid level (Figs.  25.1  and  25.2 ).

    Once the diagnosis of sinusitis is made (or 
suspected), nasal tubes are removed, deconges-
tant is administered, and antibiotic therapy 
targeting the two most common organisms, 

 Staphylococcus aureus  and  Pseudomonas  spe-
cies, is given [ 1 ]. 

 Failure of medical therapy (i.e., nasal decon-
gestants such as oxymetazoline or saline sprays) 
will often lead to surgical drainage of the 
involved  sinus  .  

25.2      Anatomy   

 Within the maxillary bones lie the maxillary 
sinuses, which are the largest of the four sinuses. 
They are surrounded on all four sides by bony 
walls (Fig.  25.3 ).

   Superior to the canine tooth is a bulge of thick 
bone in the anterior maxilla known as the canine 
eminence, and lateral to this is a depression 
called the  canine fossa   [ 2 ]. Take note that the 
 infraorbital nerve   lies just above this fossa 
approximately 1 cm below the orbital rim. 

 The ideal site for puncture is at the buccal 
gingival junction using the intersection of a line 
from the midpupillary axis, which intersects 
with a line at the level of the nasal vestibule [ 2 ].  

25.3      Indications   

 *Symptomatic relief of acute maxillary sinusitis. 
 *Obtaining culture to guide in the choice of  anti-
biotic therapy   (usually in the ICU setting or in 
immunocompromised patients).  
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25.4      Contraindications   

 *Careful consideration in patient with severe facial 
trauma. Otherwise no absolute contraindications.  

25.5      Preparation/Materials   

•     18G needle.  
•   10 cc syringe.  

•   Local anesthetic (1 % or 2 % Xylocaine).  
•    Saline   or antibiotic solution (if performing 

lavage).     

25.6      Procedure/Technique   

 This procedure can be accomplished under local 
anesthesia via two approaches: either via the  canine 
fossa   or the inferior meatus (Fig.  25.4 ). This chapter 
will describe the canine fossa approach (Fig.  25.5 ).

  Fig. 25.1    Computed 
 tomography   of the maxillary 
sinuses showing air-fl uid 
levels       

  Fig. 25.2    Computed 
tomography of  the   maxillary 
sinuses showing thickened 
mucosa and air-fl uid levels       
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  Fig. 25.3    Anatomy of the  sinuses  . ( a )  Frontal sinus  es; 
( b ) maxillary sinuses; ( c ) ethmoid sinuses; ( d ) sphenoid 
sinuses       

•      Identify the buccal gingival junction using the 
intersection of a line from the midpupillary 
axis, which intersects with a line at the level of 
the nasal vestibule [ 2 ].  

•   After application of adequate local anesthetic, 
insert the 18G needle at the aforementioned 
landmark. Use a slow and steady pressure 
while screwing the needle clockwise and 
counterclockwise at a 90° angle to the front of 
the maxilla [ 2 ].  

•   Use your nondominant hand to support entry 
to avoid slipping and penetrating the posterior 
wall of the  sinus  .  

•   Once entered, the maxillary sinus can be aspi-
rated and/or  lavaged   with saline or an 
antibiotic- containing solution.     

25.7      Complications   

     1.    Posterior sinus wall puncture: this can be 
avoided by using the nondominant hand to sup-
port entry into the sinus to avoid the needle 
slipping and penetrating the posterior wall of 
the  sinus  .   

   2.     Orbital puncture  : injury can lead to retro- 
orbital hematoma, diplopia, subcutaneous 
orbital emphysema, or blindness [ 3 ]. Patients 
must be monitored closely for signs of ele-
vated intraocular pressure.   

   3.     Infraorbital nerve   injury: using the nondomi-
nant hand for guidance of the needle can 
restrict the needle from gliding superiorly 
along the face of the maxilla and injuring the 
infraorbital nerve or  orbit  .   

   4.    Bleeding: although rare, it  is   treated with 
nasal packing.      

25.8     Conclusion 

  Sinusitis   in the  ICU patient   can become a sig-
nifi cant complication if left untreated. Drainage 
of the sinus (maxillary being most common) 
can be used to guide appropriate treatment 
modalities in patients affected with this type 
of infection.     
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( b ) via the inferior meatus; ( c ) via 
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  Fig. 25.5     Antral lavage   via  the   canine fossa approach showing purulent aspirate from the maxillary sinus       
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26.1           Introduction 

 Epistaxis is an acute hemorrhage or bleeding 
from the nostrils, nasal cavity, or nasopharynx. 
Epistaxis is a common occurrence in the general 
public with over half of the population likely to 
experience an event. Of  this   group approximately 
6 % will seek medical attention and approxi-
mately 1.6 in 10,000 will require hospitalization 
[ 1 ]. There appears to be a bimodal distribution of 
occurrence with peaks in children and young 
adults and the older adult [ 2 ]. 

 There are a myriad of  causes   for epistaxis 
which include trauma, foreign bodies, tumors, 
dry air, and most common cause of nose pick-
ing. Systemic factors include genetic clotting 
disorders such as von Willebrand’s disease and 

medications such as warfarin (or other platelet 
inhibitors). However many episodes of epi-
staxis are idiopathic. 

 Many aspects of the  treatment paradigm   for epi-
staxis have not been evaluated in randomized tri-
als.  Nasal packing   has been recognized as primary 
treatment for moderately severe epistaxis since it 
was fi rst documented by Hippocrates in the fi fth 
century BC (Singer et al. 2005) [ 12 ]. Commercially 
designed nasal  tampon  s or  epistaxis balloons   were 
created as alternatives to ribbon gauze and are eas-
ier for less experience providers. Nasal tampons 
have shown effectiveness in 85 % of cases with no 
difference between the success rates of when com-
pared to traditional ribbon gauze [ 2 ]. Other man-
agement options including cautery, embolization 
balloons, embolization, and fi brin glue exist 
although their use is variable. In a more recent ran-
domized control trial involving 216 patients, Zahed 
et al. (2013) [ 13 ] demonstrated decreased rebleed-
ing rates and increased patient satisfaction. There 
has been much debate, particularly as it is related to 
posterior epistaxis if surgery should be a primary 
treatment. A 2002 retrospective chart review and 
cost analysis determined that surgical intervention, 
which included embolization and ligation, carried 
a higher success rate, less hospitalization time, 
lower costs, and improved patient comfort than the 
traditional anterior/posterior packing [ 3 ]. 
 Regardless   of the treatment chosen, the use of step-
wise management plans should limit complications 
and decrease the need for admission [ 2 ]. 
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 Prophylactic antibiotics for patients with 
 nasal packing   are controversial.    There has been 
concern that patients with nasal packing were at 
risk for toxic shock syndrome as there has been 
a rate of 16.5 cases per 100,000 that was reported 
among patients with nasal packing from nasal 
surgery [ 4 ]. However it is unclear if this is 
related strictly to the packing or the surgery as 
patients who have sinonasal surgery with no 
nasal packing have had documented incidences 
of toxic shock syndrome [ 4 ]. A prospective 
study in the United Kingdom examined patients 
with nasal packing who received prophylactic 
antibiotics and compared them to patients who 
did not receive any antibiotics and determined 
there were no infectious processes that occurred 
in either group [ 5 ]. 

26.1.1      Indications   

 Bleeding sources are identifi ed anatomically 
and have different treatment modalities. 
 Anterior bleeds , which account for 90 % of epi-
staxis cases, are typically self-limiting and 
respond to conservative measures such as direct 
pressure. This location of bleeding is easily 
accessible as it originates at the  Kiesselbach 
plexus   or Little’s area. This is the region in the 
anteroinferior part of the nasal septum where 
the anterior ethmoidal, sphenopalatine, greater 
palatine, and septal branch of the superior labial 
artery anastomose to form the vascular plexus 
[ 6 ]. Direct pressure should be applied to the car-
tilaginous part of the nose for approximately 
20 min. If epistaxis continues, more invasive 
measures will need to be initiated. 

  Posterior bleeds  are less common but can be 
life threatening and diffi cult to visualize and 
control. The sphenopalatine artery, the termi-
nal branch of the maxillary artery, provides 
blood supply to the lateral nasal wall below the 
middle turbinates and is responsible for most 
cases of posterior epistaxis [ 6 ].  Direct   pressure 
is not effective and diffi cult given the boniness 
of the nasal vault posteriorly. Posterior bleeds 
typically require packing.   

26.2      Preparation and Setup   

 The  advanced care practitioner (ACP)   should 
explain the procedure to the patient. The explana-
tion should include the possibility of discomfort 
and potential complications including diffi culty 
breathing and continued hemorrhage. 

 The ACP should determine if premedication 
such as analgesia or an anxiolytic is warranted 
for the patient. Place patient in an upright posi-
tion unless hemodynamic instability prevents 
this from occurring. Supplemental oxygen and 
emergency equipment including intubation sup-
plies should be available. Adequate lighting and 
utilization of a headlamp will ease with exami-
nation. Gowns, gloves, mask, and eye protection 
for the ACP and other healthcare workers should 
be utilized and available. Additional supplies 
would include:

    1.    A commercially produced topical nasal decon-
gestant or a mix of 2 % lidocaine and 1:1000 
epinephrine-soaked cotton balls that are fash-
ioned into a torpedo shape.   

   2.    Nasal speculum.   
   3.    Silver nitrate sticks.   
   4.     Nasal tampons   such as those made of polyvinyl 

alcohol sponge material,  epistaxis balloons  , or 
other packing materials (see Fig.  26.1 ).

       A focused history and physical  exam   should 
aid the ACP in managing the acutely bleeding 
patient and include  the   following questions:

    (a)    Which side is bleeding?   
   (b)    Are there any signs of trauma?   
   (c)    Do medications include aspirin, warfarin, 

and platelet inhibitors?   
   (d)    Do signs of hypovolemia or hypoxia include 

tachycardia, hypotension, and increased 
work of breathing?    

  Consider airway, breathing, and circulation 
(ABC) and stabilize the patient as needed before 
continuing. Consider correction of any anticoag-
ulant medications if unable to control locally. 
Profuse bleeding may require airway control.  
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26.3      Procedure   

     1.    Complete a focused history and physical 
examination if feasible. If unable to complete 
due to patient condition, any information 
obtained can be helpful.   

   2.    Explain procedure to patient.   
   3.    Prepare the nares with either:

    (a)    Anesthetic-soaked cotton balls followed 
by dry cotton balls at the external nares.   

   (b)    Commercially produced decongestant 
such as pseudoephedrine nasal spray into 
nares followed by cotton balls and direct 
pressure for 10 min.   

   (c)    Additional option of utilizing ¼ or ½ inch 
packing gauze soaked with topical anes-
thetic and decongestant spray which will 
not leave any cotton fragments behind       

   4.    Remove  the   cotton balls/gauze and evacuate 
clots by suction or have patient blow gently.   

   5.    Using a headlamp and speculum, examine 
nares for defi nitive source of bleeding.   

   6.    If a vessel is visibly oozing, an attempt to 
chemically cauterize can be made. Apply sil-
ver nitrate stick for 5–10 s then to surrounding 
vessels for 5–10 s. An antibiotic ointment can 
be applied, and the patient will need to be 
observed for rebleeding.     

  Anterior  Nasal Packing   

 If the bleeding does not stop with the above mea-
sures or a bleeding vessel is not easily identifi ed, 
nasal packing will need to be considered. 

     1.    Apply a generous amount of surgical lubricant 
to the prefabricated  nasal   tampon. If using  epi-
staxis balloons  , soak in sterile water for 30 s 
(see Fig.  26.2 ).   

   2.    Insert into the nasal cavity along the septal 
fl oor and parallel to the hard palate until it is 
well within the nares.   

   3.    Using a 20 ml syringe, infl ate the device with 
air until the pilot cuff becomes rounded  and   
feels fi rm when squeezed.   

   4.    Tape the strings or the pilot cuff to the patient’s cheek.   

  Fig. 26.1    Prefabricated  nasal tampons   are available with 
different options. One is compressed foam polymer that 
expands with water swelling and fi lling the nasal cavity 
applying pressure. The other has a balloon that  is   infl ated 
with air to provide pressure. Apply surgical lubricant to 
the tampon and insert gently to maximum achievable 
depth and advance the tampon almost horizontally, along 
the fl oor of the nasal cavity. After application wetting the 
tampon with a small amount of topical vasoconstrictor 
such as pseudoephedrine may hasten its effectiveness. If 
using a tampon with a balloon, infl ate the balloon with the 
amount of air recommended by the manufacturer       

  Fig. 26.2    Anterior  packing   using a prefabricated nasal 
tampon. Apply topical decongestant such as pseudo-
ephedrine  to   nares prior to insertion. Apply surgical lubri-
cant to the tampon and insert gently to maximum 
achievable depth and advance the tampon almost horizon-
tally, along the fl oor of the nasal cavity straight back into 
maxillary sinus(es) below the inferior turbinates. Tape the 
strings or balloon to the side of face to keep in place       
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   5.    Consider adding topical hemostatic products 
such as  oxidized   regenerated  cellulose   
(Surgiseal) and even fi brin glue.    

     Posterior Packing 

 If hemorrhage continues, it is likely a posterior 
bleed is present and posterior packing should be 
considered. 

  Posterior pharyngeal packing  : 

     1.    Cover cotton gauze roll with antibiotic ointment.   
   2.    A lighted laryngoscope is used to retract the 

tongue and to allow exposure. Take care to 
avoid the endotracheal tube (see Fig.  26.3 ).   

   3.    Utilize  Magill   forceps to place packing poste-
rior and superior to the uvula. Do not use 4 × 4 
but a long gauze packing as it is easy to leave 
one behind once the packing becomes bloody 
and compacted.   

   4.    The packing that remains should be secured to 
the side of the patient’s face with tape.   

   5.    Generally  anterior   packing will need to be 
placed.    

   Additional options include the use of a sterile 
Foley  catheter  : 

     1.    Remove the anterior pack and reexamine the 
nasal cavity. Suction and spray with anesthetic 
again.   

   2.    Apply mupirocin nasal ointment 2 % to Foley 
catheter.   

   3.    Insert the catheter into the nostril.   
   4.    Visualize the catheter tip in the back of the 

throat.   
   5.     Infl ate   the balloon with up to 10 ml of sterile 

water.   
   6.    Gently pull on the catheter toward you until 

you feel resistance and it seats posteriorly.   
   7.    Secure with a clip to prevent dislodgement. 

Ensure the catheter is not pressing on the nose 
as alar necrosis could occur.   

   8.     Consider   repacking anteriorly.       

26.4     Complications/Pitfalls 
in the  ICU      

 Patients with posterior packing should be admit-
ted for observation. Due to their risk of airway 
compromise and risk for bradydysrhythmias 
related to gagging/vageling due to stimulation of 
the deep oral pharynx with posterior packing, 
they should at a minimum be monitored with 
continuous pulse oximetry and telemetry. The 
ACP should plan ahead and anticipate the poten-
tial airway compromise and have equipment 
available to intubate. The ACP should be able to 
identify the signs of worsening respiratory status 
that would include increased work of breathing, 
tachycardia, and hypoxia. Some of these patients 
may require intubation. 

 Ongoing bleeding and dislodgement of packs 
are a risk and should be assessed with frequency. 
Initial laboratory evaluation should include a 
complete blood count, a serum chemistry, coagu-
lation profi le, and type and cross match for blood. 
An arterial blood gas may need to be obtained if 
there is concern for developing hypoxia or issues 
with ventilation in a patient. 

 Caution should be used with patients that have 
 facial   fractures particularly in the nasal bone and 
cribriform plate fractures.  Maxillofacial fractures   
can present with profuse bleeding from the nose. 
Control of this massive nasal bleeding during the 
early stages can improve morbidity associated 
with severe exsanguination [ 7 ]. When common 
treatment modalities such as pressure, packing, 

  Fig. 26.3    Posterior  packing   with cotton gauze roll for 
continued bleeding. A lighted laryngoscope is used to 
retract the tongue and to allow exposure. Take care to 
avoid the endotracheal tube. Utilize Magill forceps to 
place packing posterior and superior to the uvula. Do not 
use 4 × 4 but a long gauze packing as it is easy to leave one 
behind once the packing becomes bloody and compacted       
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and correction of coagulopathy fail to  control 
  hemorrhage, transcatheter arterial embolization 
by  interventional   radiology offers a safe alterna-
tive to surgical control [ 8 ]. 

 Special consideration should be given to 
patients who receive anticoagulants such as war-
farin or other platelet inhibitors and patients with 
acquired coagulopathies due to renal, liver dis-
ease, or genetic disorders such as  hemophilia  . 
They are at risk for life-threatening hemorrhage 
and need to be closely monitored. A prospective 
study performed in Zurich evaluated the need for 
 blood   transfusions in 591 epistaxis patients [ 9 ]. 
The study identifi ed patients with hematologic 
disorders, trauma-related nosebleeds, and bleeds 
that were posterior in origin had a much higher 
rate of transfusion [ 9 ]. If bleeding continues, the 
ACP should consider initiation of fresh frozen 
plasma, vitamin K, and prothrombin complex 
concentrate or tranexamic acid administration. 

 Patients should be adequately resuscitated as 
indicated and undergo correction of coagulation 
abnormalities and electrolyte imbalances. 
Frequent assessment of patient’s mental status, 
vital sign trends, and hourly  urine   output provides 
clues to the ACP about the end organ perfusion of 
the patient. Subtle changes can be missed and a 
diagnosis of shock can be overlooked. This can 
lead to  detrimental   effects on the patient including 
a prolonged hospitalization and even death. 

 If hemorrhage continues despite all previous 
measures, consideration for more invasive options 
should be considered. Consult with an otolaryn-
gologist as indicated. Other options such as embo-
lization and surgical ligation are available and both 
carry a success rate of 71–94 % [ 10 ]. However, 
they  also   have a risk of stroke, necrosis, and blind-
ness [ 10 ,  11 ]. The decision between surgery and 
embolization should be based on the individual’s 
comorbidities, anatomical setting, and availability 
of adequate interventional radiology and surgical 
specialty services [ 10 ]. 

 Packing should be removed in 2–3 days. After 
packing is removed, nares should be moistened 
with bacitracin ointment twice a day along with 
Saline spray several times a day.     
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27.1           Introduction 

 Access to the upper gastrointestinal tract is often 
required in critically ill patients, and the place-
ment of a  nasoenteric   or  oroenteric tube   fre-
quently serves a dual purpose. Decompression 
and drainage of gastric secretions provide for 
comfort and safety in patients with abnormal 
forward motility due to ileus, outlet obstruction, 
or hypersecretion. The presence of an enteric 
tube also allows for administration of medica-
tions and nutritional support in patients incapa-
ble of swallowing once forward motility returns. 
While placement of a temporary enteric tube 
such as a  Salem sump   or small-bore silicone 
 feeding tube   is commonplace, there are tech-
niques that enhance likelihood of successful 
placement in the location desired while mini-
mizing the risk of complications [ 1 ].  

27.2      Indications   

 Decompression and drainage of the upper GI 
tract are best accomplished with a dual-lumen 
tube such as a Salem sump. The primary lumen 
serves as the drainage tube for air and liquid and 
is generally connected to low wall suction. The 
secondary lumen (often colored blue) allows 
entry of air necessary for the sump function and 
prevents the tube from adhering to the gastric 
wall and potentially causing mucosal erosion 
[ 2 ]. Suction should be kept at the lowest level 
that aids drainage, and tubes are best maintained 
on intermittent suction after initial evacuation of 
accumulated contents. Routine fl ushing of the 
secondary lumen with a small bolus (30–60 ml) 
of air helps maintain patency and sump function. 
Any occlusion of the secondary lumen by fl uid 
or clamping/knotting prevents the tube from 
functioning as a drainage device; fl ushing or 
adjustment of suction to reestablish sump func-
tion should resolve any backup of fl uid into the 
secondary lumen. 

 When decompression and drainage are no 
longer required, a  Salem   sump may be utilized 
as a short-term enteral access device for medi-
cations and tube feeding. However, the rigid 
nature of these PVC tubes and larger bore size 
creates discomfort, increases the risk of sinus-
itis, and impairs sinus drainage into the upper 
respiratory tract. 
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 Enteral  feeding tubes   made of silicone are 
softer, more fl exible, and of smaller bore size 
which enhances patient comfort and tolerance 
and minimizes sinus irritation and occlusion. 
They are well suited for tube feeding and admin-
istration of medications but do not allow aspira-
tion of gastric contents given the collapse of soft 
walls. Commercial brands typically include a 
weighted tip to aid placement; the radiopaque tip 
and markings facilitate visualization on confi r-
matory radiographs. Some brands also contain a 
magnetized tip that can be externally manipu-
lated with a magnet to aid placement. 

 Surgical or endoscopic placement of a  feed-
ing tube      such as a gastrostomy or jejunostomy is 
an option for patients who require longer-term 
enteral access. The timing of placement of such 
tubes is controversial; however, placement of a 
more permanent feeding tube should be consid-
ered when complications of a temporary feeding 
tube are encountered and dysphagia is not resolv-
ing or when the need for permanent enteral 
access is determined.  

27.3     Placement of Enteric  Tubes   

 Prior to placing a  nasoenteric tube   of any kind, 
consideration must be given to the following:

•    Relative and absolute contraindications for 
placement.  

•   Reason for placement and optimal tube type.  
•   Patient comfort and ability to follow direc-

tions during placement.  
•   Techniques to optimize fi nal position.     

27.4      Contraindications   

 Traumatic injury to the basilar skull or facial 
bones communicating with the nasal airway pre-
cludes placement of an enteric tube via the nasal 
route due to risk of inadvertent intracranial place-
ment [ 3 ,  4 ]. Placement via the oral route is recom-
mended in this circumstance. While most patients 
with such injuries will be intubated, an orogastric 
tube is rarely tolerated well in non- intubated 

patients, and only more rigid PVC tubes should 
be employed as thinner silicone  feeding tubes   are 
easily severed by chewing. 

 Esophageal and gastric anatomic abnormali-
ties such as strictures, diverticuli, varices, and 
prior gastric or esophageal surgery (such as band-
ing, gastric bypass, and esophagectomy) all raise 
concerns of complications with enteric tube 
placement, with strictures being most immedi-
ately concerning for risk of esophageal perfora-
tion. Placement in the setting of other esophageal 
and gastric abnormalities should be carefully 
weighed against the risks and avoided whenever 
possible; if deemed necessary, gentle placement 
by experienced hands is prudent. 

 Other systemic conditions should be consid-
ered as well. Coagulopathy and thrombocytope-
nia can lead to signifi cant bleeding with even 
minor mucosal injury during placement, and 
placement of enteric tubes should be deferred 
if possible until the underlying diathesis 
is corrected. 

 Patient comfort and level of consciousness are 
critical in the successful placement of enteric 
tubes. Clear explanation for a responsive patient 
 and   simple directions can greatly facilitate place-
ment. In unconscious or sedated patients, place-
ment is more diffi cult and malposition not as easily 
recognized due to impaired communication.  

27.5     Placing a Tube 
for  Decompression   

 For conscious, cooperative, non-intubated 
patients—nasogastric:

    1.    Obtain necessary equipment and explain pro-
cedure to patient. For adult patients, a 14 or 16 
French  Salem   sump tube is most commonly 
used.   

   2.    Determine appropriate insertion length for 
tube: commonly the distance from tip of nose 
to tip of ear to tip of xiphoid is used to esti-
mate length for placement.   

   3.    Position patient sitting upright as much as 
possible and fl ex the head forward with chin 
toward the sternum.   
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   4.    Stretch out the tube to reduce coil memory 
and chance of looping on insertion. Lubricate 
the tube with surgical lubricant or topical 
anesthetic jelly. Consider spraying the poste-
rior oropharynx with local anesthetic spray for 
comfort.   

   5.    Insert the tube in either naris with tube in hori-
zontal position (aiming for base of skull) and 
advance slowly. If the tube fails to pass easily, 
attempt in the other naris.   

   6.    Advance tube to posterior oropharynx at 
which point the patient may gag. Encourage 
the patient to swallow as the tube is advanced 
more rapidly; sipping water via a straw may 
help. Stop and withdraw the tube if the patient 
cannot speak, begins coughing, or has ongo-
ing gagging.   

   7.    Advance tube to predetermined distance and 
auscultate an air bolus injected via the drainage 
port. Then aspirate on the drainage port; return 
of gastric contents is confi rmation of position-
ing in the stomach or distal esophagus.   

   8.    Connect to wall suction to evacuate gastric 
content. Secure the tube to the patient’s nose 
with adhesive tape, taking care to avoid direct 
contact of the tube against the nares as pres-
sure ulceration may result [ 5 ]. Use the mark-
ings on the tube as reference for the position 
of the tube at this point.   

   9.    Radiographic confi rmation of position is rec-
ommended prior to instillation of medica-
tions or tube feeding and serves to ensure 
the tube has not kinked or looped in the 
esophagus and the tip is intragastric and not 
esophageal or post-pyloric.     

 For intubated/tracheotomy patients—naso-
gastric or orogastric:   

    1.    Obtain necessary equipment and explain pro-
cedure to patient, if responsive. For adult 
patients, a 14 or 16 French  Salem   sump tube is 
most commonly used.   

   2.    Determine appropriate insertion length for tube:
   NG:  distance from tip of nose to tip of ear to 

tip of xiphoid  
  OG: lip to tip of ear to tip of xiphoid.      

   3.    Position patient with head of bed elevated (if 
able) as much as possible.   

   4.    Stretch out the tube to reduce coil memory 
and chance of looping on insertion.
   NG:  lubricate the tube with surgical lubricant 

or lidocaine jelly.  
  OG:  lubrication may not be needed if oral 

secretions are present.       
    5.    NG: insert the tube in either naris with tube in 

horizontal position (aiming for base of skull) 
and advance slowly. If the tube fails to pass 
easily, attempt  in   the other naris.
   OG:  insert tube at corner of mouth between 

teeth and buccal mucosa and advance 
slowly. If the tube fails to pass easily, try 
opposite side of mouth or digital 
guidance.       

    6.    Continue advancing the tube. Stop and with-
draw the tube if the patient begins coughing; 
despite the presence of an endotracheal or tra-
cheotomy tube with an infl ated cuff, tubes can 
transit past the cuff.
   NG:  lifting/fl exing the patients’ head forward 

may aid placement.       
    7.    If resistance or looping occurs, consider uti-

lizing direct laryngoscopy to visualize the 
tube and guide it into the proximal esophagus. 
Alternatively, in unresponsive or edentulous 
patients, digital guidance of the  tube   in the 
oropharynx may be utilized.   

   8.    Advance tube to predetermined distance and 
auscultate an air bolus injected via the drainage 
port. Then aspirate on the drainage port; return 
of gastric contents is confi rmation of position-
ing in the stomach or distal esophagus.   

   9.    Connect to wall suction to evacuate gastric 
contents.
   NG:  secure the tube to the patient’s nose with 

adhesive tape, taking care to avoid direct 
contact of the tube against the nares as 
pressure ulceration may result.  

  OG:  secure the tube to the patients’ endotra-
cheal tube or tube holder.  

  Use the markings on the tube as reference for 
the position of the tube at this point.       

    10.    Radiographic confi rmation of position is rec-
ommended prior to instillation of medica-
tions or tube feeding and serves to ensure the 
tube has not kinked or looped in the esopha-
gus and the tip is intragastric  and   not esopha-
geal or post-pyloric.    

27 Enteral Access



252

27.6       Temporary  Feeding Tubes      

 The use of temporary feeding tubes is common in 
critical care, particularly in intubated, 
mechanically- ventilated patients requiring enteral 
nutritional support during resolution of their 
acute respiratory failure. While many patients tol-
erated gastric feeding, the theoretical benefi t of a 
second barrier to refl ux (the pylorus) in addition 
to the lower esophageal sphincter often leads to 
effort to position the tube as distally as possible. 
It is often possible to achieve this position at the 
bedside with attentive  placement   technique, 
thereby negating the need for fl uoroscopy or 
travel to interventional radiology with their cor-
responding risks, inconvenience, and expense.   

27.7     Placing a  Feeding    Tube   

     1.    Obtain necessary equipment and explain 
procedure to patient, if responsive. For adult 
patients, a 10 or 12 French silicone feeding 
tube (Dobhoff type) is most commonly used.   

   2.    Position patient with head of bed elevated (if 
able) as much as possible and head in neutral 
or slightly fl exed position.   

   3.    Consider administration of promotilant 
(metoclopramide 10 mg IV within a few min-
utes of placement) to aid distal placement.   

   4.    Remove wire stylet from feeding tube, lubri-
cate with surgical lubricant, and then replace 
in feeding tube (aids later removal of stylet 
without displacement of tube). Close the side 
access port if present and ensure stylet con-
nector is securely seated into tube. Generously 

lubricate the tip of the tube with surgical 
lubricant or topical anesthetic jelly. Consider 
spraying the posterior oropharynx with local 
anesthetic spray for comfort.   

   5.    Insert the tube in either naris with tube in 
horizontal position (aiming for base of skull) 
and advance slowly. If the tube fails to pass 
easily, attempt in the other naris.   

   6.    Advance tube to posterior oropharynx at 
which point the patient may gag. Encourage 
the patient to swallow as the tube is advanced. 
If resistance is met, pull the tube back a few 
centimeters, rotate, and reinsert. Stop and 
withdraw the tube if the patient cannot speak 
(non-intubated), begins coughing, or has 
ongoing gagging. Despite the presence of an 
endotracheal tube with an infl ated cuff, tubes 
can transit past the cuff.   

   7.    Continue advancing the tube to the 25 cm 
mark and stop. When the patient exhales 
(spontaneously breathing) or ventilator 
breath is initiated, briefl y dip the hub of the 
tube into a cup of water. If bubbling occurs, 
the tube is likely in the airway; pull back the 
tube to the posterior oropharynx and reat-
tempt advancement. If no bubbling occurs, 
the tube is likely in the  esophagus   and can 
continue advancement to 50 cm.   

   8.    When at 50 cm, auscultate 20–30 cc air 
boluses at the LUQ, RUQ, and epigastrium. 
The loudest sound should be at the LUQ if 
the tube is in the stomach. While the tube 
could be used in this position, we recom-
mend advancing the tube to the most distal 
position achievable.   

   9.    To advance distally for duodenal placement, 
lower the head of the bed to 15° and position 
the patient right side down as able.   

   10.    Insuffl ate the  stomach   with 500–1000 cc of air 
as rapidly as possible to stimulate peristalsis.   

   11.    Slowly advance the feeding tube in 2–4 cm 
increments, rotating it slowly as you advance 
(to prevent looping). If any resistance is met, 
retract a 2–4 cm, rotate, instill a 10 cc air 
bolus, and readvance.   

   12.    Continue advancing the tube until unable to 
overcome resistance with the above maneuvers 
or the tube is maximally inserted to the hub.   

 Supplies  for   Feeding  Tube   Placement 

    Feeding tube  
  60 cc luer-lock syringe  
  Cup of water  
  Lubricant or topical anesthetic jelly  
  Tape  
  Gloves  
  Stethoscope  
  Promotilant (optional)    

K.D. Bingham and J.W. Mah



253

   13.    Do not remove the stylet! The stylet needs to 
stay in place until tube position is confi rmed 
radiographically, as once removed it cannot be 
safely reinserted due to risk of tube and poten-
tial intestinal perforation. Secure the tube to 
the patient’s nose with adhesive tape, taking 
care to avoid direct contact of the tube against 
the nares as pressure ulceration may result.   

   14.    Radiographic confi rmation is required for all 
feeding tubes prior to use. Use the markings 
on the tube as reference for the position of 
the tube at this point, which facilitates future 
assessment as to whether the tube has moved 
from the original radiographically confi rmed 
position. Optimal position is depicted in 
Fig.  27.1 , with the tube following the lesser 
curve of  the   stomach, crossing midline as it 
transits the pylorus, and following the C 
curve of the duodenum. A malpositioned 
tube, such as the example in Fig.  27.2 , should 
be removed immediately.

        15.    Once radiographic confi rmation is obtained, 
the stylet can be removed. If any resistance 
is felt with removal of the stylet, repeat 

radiographic assessment may be needed to 
ensure the tube did not retract during 
stylet removal.      

27.8     Special Conditions:  Suturing 
and Bridling   

 Other means of securing nasogastric and feeding 
tubes may be employed in patients with 
increased risk for dislodging the tube and requir-
ing replacement or when frequent replacement 
is required in patients prone to repeatedly dis-
placing or removing them due to agitation, delir-
ium, or noncooperation. Suturing to the nasal 
septum is not recommended as tissue damage 
and loss can be cosmetically catastrophic. The 
use of a bridle that serves as an irritant when 
traction is applied to the tube is a safer alterna-
tive when other means of securing tubes are 
exhausted. Commercial magnetized bridle prod-
ucts are available, or a simple technique using 
pediatric suction catheters can be utilized to 
serve as a bridle [ 6 ]. 

  Fig. 27.1     Correctly   positioned post-pyloric feeding tube 
with tip in distal duodenum       

  Fig. 27.2     Malpositioned   feeding tube in right main stem 
bronchus       
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 Bridling:

    1.    Obtain two pediatric suction catheters, McGill 
or other long forceps/clamp, and 2–0 or 3–0 
silk suture.   

   2.    Insert one pediatric suction catheter in each 
naris as you would an NG tube until the tips 
are visible in the oropharynx.   

   3.    Pull the tips out through the mouth and 
secure/suture to each other using the silk 
suture. Suturing through the plastic tubing is 
most effective.   

   4.    Pull back on the hubs of  the   suction catheters 
at the nares, returning the now connected suc-
tion catheters to the posterior nasopharynx.   

   5.    Attach the feeding tube to the two suction 
catheters externally at the nares by braiding 
them together then taping securely.      

27.9      Complications   

 The pulmonary complication associated with 
nasoenteric feeding tube placement carries signifi -
cant morbidity. Placement of a tube into the air-
way can cause perforation of the trachea or 
bronchi, resulting in pneumothorax, empyema, or 
mediastinitis. Inadvertent administration of tube 
feedings, contrast, or medications can result in 
aspiration pneumonitis/pneumonia, pulmonary 
abscess, and empyema. Less morbid but still prob-
lematic is refl ux from stenting by a  nasoenteric   
tube, particularly rigid decompression tubes, lead 
to an increased risk of aspiration pneumonia. 

 The gastrointestinal complications associ-
ated with nasoenteric tubes include refl ux 
esophagitis related to tube stenting the lower 
esophageal sphincter. Esophageal, gastric, or 
duodenal perforation may occur on insertion or 
due to mucosal ulceration over time. Narrow-
bore feeding tubes are prone to clogging if close 
attention is not paid to routine fl ushing and 
appropriate administration of medications; liq-
uid formulas are preferred over crushed meds 

whenever available. Osmotic diarrhea associ-
ated with tube feed formulas and many enteral 
liquid medication formulas (particularly those 
containing sorbitol) is also common. 

 Other complications include sinusitis from 
impaired sinus drainage due to tube occlusion. 
Epistaxis may occur on insertion or at a later 
point in time due to local mucosal irritation. 
Skin breakdown pressure necrosis at the nares or 
nasal septum may occur with  subsequent   cos-
metic disfi gurement [ 5 ,  7 ].  

27.10     Conclusion 

 Thoughtful tube selection and knowledgeable 
placement are essential for optimizing tube func-
tion while minimizing complications and patient 
discomfort. The simple techniques described can 
improve successful placement with fewer 
attempts, less resource utilization, and potentially 
earlier initiation of tube feeding.     
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28.1            Indications   

•     Gastric decompression  
•   Short- to medium-term enteral nutrition (up to 

6 weeks) [ 1 ]  
•   Short- to medium-term enteral medication 

administration     

28.2      Contraindications   

•     Acute skull base fracture or surgery  
•   Acute facial fracture or surgery  
•   Acute nasal fractures or surgery    

 Orogastric tubes  can   be considered in these 
patients if they have an orotracheal tube in place.

•    Esophageal varices  
•   Acute esophageal perforation  
•   Moderate to severe esophageal stricture  
•   Known tracheoesophageal fi stula    

 If nasogastric ( NG  )    or or ogastric (OG  )    access 
is required, consider placement with direct endo-
scopic visualization only and expert consultation. 

 If there has been any work on the plumbing, 
i.e., gastric bypass, gastric banding, and Nissan 
fundoplication, the placement of gastric tubes 
should be done with caution,  and   expert consul-
tation should be considered.  

28.3     Literature  Review   

 There are very few current resources addressing 
diffi cult NG tube placement. The techniques fall 
into three categories: tube pliability, direct and 
indirect visualization, and patient position. 
Techniques for tube pliability include preshaping 
a tube by placing the tip of the tube in an oral 
airway and submersing the combination into ice 
water for approximately 20 min [ 2 ], fi lling an 
NG/OG tube with distilled water, and keeping the 
syringe in place [ 2 ]. If the tube is still not rigid 
enough, they recommend fi lling an NG/OG tube 
with distilled water and freezing [ 3 ]. These tech-
niques are concerning because of the risk of aspi-
ration. Other references recommend warming up 
the tube to make it more fl exible [ 4 ]. Several 
articles suggest a stylet technique utilizing a ure-
teral guidewire [ 5 ], a 6-Fr angiography catheter 
[ 6 ], a guitar string as a guidewire [ 6 ], and an 
esophageal spring-tipped guidewire [ 7 ]. These 
techniques need to be used with great caution as 
they greatly increase the risk of  perforation or in 
the instance of inadvertent tracheal intubation, a 
pneumothorax. It may be safest to leave the guitar 
string on the guitar and utilize it to serenade the 
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patient into a state of calm before placing the NG 
tube. One article recommended a pseudo stylet by 
securing a “Rusch” intubation stylet to the outside 
of the NG tube utilizing a 70 cm 3-0 silk suture 
tied with a quick release knot such as a Draw 
Hitch [ 8 ]. Although the article did not report any 
complications again, there is concern that utiliz-
ing an intubation stylet can increase the risk of 
esophageal perforation. Also this particular stylet 
and a 70 cm length suture are more likely to be 
available in the operating room than in the inten-
sive care unit (ICU). Other studies recommend a 
 Seldinger technique      utilizing an endotracheal 
(ET) tube (#6.5–7.0) split longitudinally [ 2 ,  5 ]. 
This section also includes the recommendation of 
utilizing forceps or gloved fi ngers [ 5 ,  7 ]. This 
technique is limited by the size of the patient’s 
mouth, the length of the provider’s fi ngers, and 
quite frankly the provider’s bravery. If gloved fi n-
gers are going to be utilized to help pass the NG/
OG tube through the oropharynx, it is recom-
mended that the patient be sedated and possibly 
paralyzed; absence of dentition  would   be a bonus. 

  Direct visualization techniques   include the 
use of a nasendoscope or bronchoscope [ 9 ,  10 ], 
videolaryngoscope [ 2 ], or laryngoscope [ 3 ,  9 ]. 
Endoscopic use will allow for direct visualization 
of the tube from the oropharynx through the 
pyloris and into the duodenum. Patients with 
esophageal pathology should have any NG or 
OG tube placed with the assistance of endoscopy. 
The availability of equipment and trained person-
nel will most often require consultation of a spe-
cialty service. Covidien has recently come out 
with the Kangaroo™ feeding tube with IRIS 
Technology. This is a disposable feeding tube 
with a 3 mm camera in the distal tip, with LED 
lighting that allows the user to directly visualize 
placement via a proprietary monitor [ 11 ]. 

 Indirect visualization can be  accomplished 
  with fl uoroscopy and external magnet and 
monitor- assisted equipment such as the 
 CORTRAK®2   Enteral Access System (EAS™) .   

 Patient position is the least invasive of all 
techniques and the most  effective  . Positioning 
recommendations include neck extension, neck 
fl exion, lateral neck pressure, lateral deviation of 

the thyroid cartilage and cricoid cartilage, and 
upward deviation of the thyroid cartilage or cri-
coid cartilage [ 2 – 6 ]. A simple recommendation 
was from an article in the British Medical Journal 
in 1981. They recommend that once the NG tube 
is past the nasopharynx, rotate the tube 180° 
allowing the tube to track along the posterior 
aspect of the oropharynx [ 4 ]. A study done by 
Ozer and Benumof published in Anesthesiology 
in 1999 best demonstrates why patient position is 
essential in the placement of an NG or OG tube in 
an orotracheally intubated and sedated patient. 
They took six patients who were orotracheally 
intubated and under general anesthesia and 
directly observed the passing of an NG tube and 
an OG tube via a fi brotic scope that was passed 
through each patients left naris. They found that 
passage of the NG or OG tube is most commonly 
blocked by the arytenoid cartilage and ipsilateral 
piriform sinus and that lateral neck compression 
or anterior deviation of the thyroid cartilage 
facilitated tube passage into the esophagus [ 10 ]. 
One very small study found that they have an 
80 % fi rst pass success rate with lateral position-
ing of the head compared to 40 % with a neutral 
head position. They believe that simply turning 
the patients head in the lateral position provides 
the same benefi t of lateral neck compression or 
anterior deviation of the thyroid cartilage but 
with a slightly simpler technique [ 12 ].  

28.4     Complications 

 Although placement of  an   NG or OG tube has 
become a routine procedure in the critical care 
setting, it is not without risk of serious complica-
tions (Figs.  28.1 ,  28.2 , and  28.3 ).

•       Intracranial placement can occur in the setting 
of basal skull injury or surgery, facial fracture, 
or nasal fracture.  

•   Esophageal perforation  
•   Tracheal intubation  
•   Pneumothorax  
•   Aspiration  
•   Knotted tube     
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28.5      Procedures   

 Measuring the required depth of the NG tube is 
usually performed by anchoring the distal tip of 
the NG tube at the tip of the nose, extending it 
to the ear and down to the xiphoid process. This 
is known as  nose–ear–xiphoid (NEX)   [ 13 ,  14 ]. 
Chen et al. performed a retrospective study of 31 

patients who had NG tubes placed utilizing NEX 
and evaluated CT scans to identify the location of 
all the side holes on the NG tube. They found that 
only one out of 31 patients had all side holes 
placed beyond the esophagogastric junction. 
Another measurement technique is  xiphoid–ear–
nose (XEN)   that was also inadequate in assuring 
that all side holes are beyond the esophagogastric 
junction [ 14 ]. Based on this information, the 
 recommendation is to use NEX plus an additional 
10 cm (Table  28.1 ).

   Lateral Head Position NG:

    1.    Gather the  standard   equipment for tube 
placement.   

   2.    Measure required depth for insertion beyond 
the esophagogastric junction utilizing 
NEX + 10 cm and mark your tube.   

   3.    Once the naris is selected, turn the patient’s 
head to the ipsilateral side if there are no con-
traindications, i.e., right naris = head turned to 
the right.   

  Fig. 28.1       MRI shows the close proximity of the nasal 
cavity to the brain. Photo by Tracy R. Land ACNP-BC, 
CVNP-BC       

  Fig. 28.2    Chest X-ray showing placement of a weighted 
feeding tube into the right mainstem bronchus. Photo by 
Tracy R. Land ACNP-BC, CVNP-BC       

  Fig. 28.3    Image of an NG tube right after removal. The 
tube was placed much deeper than the external measure-
ment indicated; when the provider went to remove the tube 
he met resistance but ultimately pulled the tube out. The 
patient had epistaxis for approximately 20 min and mild 
sinusitis for a few days. Fortunately the patient did not suf-
fer any long term effects. Photo by Richard Wiegert B.S., 
NREMT-P       
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   4.    Pass a pre-lubricated tube through the naris 
beyond the nasopharynx.   

   5.    Rotate the tube 180° and advance until the 
tube reaches NEX + 10 cm mark.   

   6.    Auscultate over the left upper quadrant while 
injecting a 20 ml air bolus.   

   7.    If gurgling is heard, secure the tube to the naris 
and get a chest X-ray to confi rm placement.   

   8.    If gurgling is not heard, continue to advance 
up to an additional 10 cm, secure the tube at 
the naris, and get a chest X-ray to identify 
the tube position.   

   9.    If at any time the patient has coughing, 
wheezing, oxygen desaturation, or diffi culty 
ventilating, immediately remove the tube.   

   10.    If the tube becomes diffi cult to pass at the 
gastroesophageal junction (NEX) or 
pyloric junction, a 5–10 ml bolus of air 
while advancing the tube will often facili-
tate passage of the tube beyond the 
sphincter.   

   11.    Always confi rm placement with a chest 
X-ray.     

  Lateral Head Position OG:   This should only be 
performed in an orotracheally intubated patient.

    1.    Gather the standard equipment for tube 
placement.   

   2.    Measure required depth for insertion beyond 
the esophagogastric junction utilizing 
NEX + 10 cm and mark your tube.   

   3.    If there are no contraindications, rotate the 
patient’s head to either the right or left.   

   4.    Pass a tube through the mouth with the curve 
tracing down along the back of the 
oropharynx.   

   5.    Once the tube is beyond the oropharynx, 
rotate it 180° to allow the tube to track 
along the posterior wall of the esophagus, 
and then advance the tube until 
NEX + 10 cm mark is reached. Lubrication 
is optional as saliva is generally suffi cient 
for lubrication.   

   6.    Auscultate over the left upper quadrant while 
injecting a 20 ml air bolus.   

   7.    If gurgling is heard, secure the tube to the ET 
tube and get a chest X-ray to confi rm 
placement.   

   8.    If gurgling is not heard, continue to advance 
up to an additional 10 cm, secure the tube to 
the ET tube, and get a chest X-ray to identify 
the tube position.   

   Table 28.1    NG/ OG   Tube Decision Matrix       
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   9.    If at any time the patient has coughing, 
wheezing, oxygen desaturation, or diffi culty 
ventilating immediately, remove the tube.   

   10.    If the tube becomes diffi cult to pass at the 
gastroesophageal junction (NEX) or pyloric 
junction, a 5–10 ml bolus of air while 
advancing the tube will often facilitate pas-
sage of the tube beyond the sphincter.   

   11.    Always confi rm  placement   with a chest X-ray.    

   Fluoroscopic-assisted placement  :

    1.    Gather the standard equipment for tube 
placement.   

   2.    Measure required depth for insertion beyond 
the esophagogastric junction utilizing 
NEX + 10 cm as a reference point.   

   3.    Before initiating fl uoroscopy make certain 
everyone in the room is wearing appropriate 
protective equipment.   

   4.    Place a metal hemostat over the xiphoid pro-
cess and acquaint yourself with your location 
and the patient’s anatomy under fl uoroscopy.   

   5.    Pass a pre-lubricated tube through the naris 
beyond the nasopharynx.   

   6.    Rotate the tube 180° and advance under fl uo-
roscopic guidance until the tube reaches the 
desired location either in the gastric body or 
beyond the pylorus and NEX + 10 cm.   

   7.    Secure the tube to the naris.   
   8.    If at any time the patient has coughing, 

wheezing, oxygen desaturation, or diffi culty 
ventilating immediately, remove the tube.   

   9.    If the tube becomes diffi cult to pass at the 
gastroesophageal junction (NEX) or pyloric 
junction, a 5–10 ml bolus of air while 
advancing the tube will often facilitate pas-
sage of the tube beyond the sphincter.   

   10.    A chest X-ray is not required  to   confi rm 
placement if the tube was placed under fl uo-
roscopic guidance.    

   Split ET tube-assisted placement:   This should 
only be performed on an orotracheally intubated 
and sedated patient.

    1.    Gather the standard equipment for tube 
placement, a #6.5–7.0 ET tube, a scalpel, 
scissors, and a Magill forceps (Fig.  28.4 ).

       2.    Remove ET tube end cap (Fig.  28.5 ).

  Fig. 28.4    Materials for split ET tube-assisted placement. Photo by Tracy R. Land, ACNP-BC, CVNP-BC       
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       3.    Using the scalpel make a longitudinal cut 
down the length of the ET tube. Scissors can 
also be utilized to assist in splitting the ET 
tube. Pull the cut open and work the ET tube 
to loosen up the cut (Figs.  28.6 ,  28.7 , and 
 28.8 ).

         4.    Measure required depth for insertion be yond 
the esophagogastric junction utilizing 
NEX + 10 cm and mark your tube.   

   5.    Once the naris is selected, pass a pre- 
lubricated tube through the selected naris 
beyond the nasopharynx until the tube can be 
visualized in the oropharynx (Fig.  28.9 ).

       6.    Utilizing the Magill forceps, grasp the distal 
portion of the tube, and pull it out of the 
mouth until the proximal portion of the tube 
is approximately 10 cm from the naris 
(Figs.  28.10  and  28.11 ).

  Fig. 28.5    Removal of the ET end cap in the split ET tube-assisted placement technique. Photo by Tracy R. Land 
ACNP-BC, CVNP-BC       

  Fig. 28.6    Making an incision to the ET tube in the split ET tube-assisted placement technique. Photo by Tracy R. Land, 
ACNP-BC, CVNP-BC       

  Fig. 28.7    Using scissors in cutting the ET tube in the split ET tube-assisted placement technique. Photo by Tracy 
R. Land, ACNP-BC, CVNP- BC       

 

 

 

T.R. Land



261

        7.    Lubricate the outside of the ET tube and the 
outside of the NG tube again.   

   8.    Place the NG  tube   into the ET tube keeping 
the tip of the NG tube just inside the ET tube 
(Figs.  28.12  and  28.13 ).

        9.    Advance the ET tube blindly into the esoph-
agus to approximately 18 cm and hold 

  Fig. 28.8    Using scissors in cutting the ET tube in the split ET tube-assisted placement technique. Photo by Tracy 
R. Land, ACNP-BC, CVNP- BC       

  Fig. 28.9    Inserting the tube in the nares. Photo by Tracy 
R. Land, ACNP-BC, CVNP-BC       

  Fig. 28.10    Removal of the tube with Magill forceps via 
the oropharynx. Photo by Tracy R. Land, ACNP-BC, 
CVNP-BC       

  Fig. 28.11    Proper positioning of the tube in the nares. 
Photo by Tracy R. Land, ACNP-BC, CVNP-BC       

  Fig. 28.12    Preparing placement of the NG tube into the 
ETT. Photo by Tracy R. Land, ACNP-BC, CVNP-BC       

  Fig. 28.13    Placement of the NG tube into the ET tube. 
Photo by Tracy R. Land ACNP-BC, CVNP-BC       
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securely in place. If you are having diffi -
culty advancing the ET tube into the esoph-
agus, you can utilize the lateral head 
maneuver or perform this under direct visu-
alization with a laryngoscope or a videolar-
yngoscope (Fig.  28.14 ).

       10.    Advance the NG tube through the ET tube 
until you reach your NEX + 10 cm mark 
(Fig.  28.15 ).

       11.    Gently peel the ET tube off of the NG tube 
(Fig.  28.16 ).

       12.    Remove ET tube completely from the 
patient’s mouth and discard (Fig.  28.17 ).

       13.    Back the NG tube out of the naris until your 
NEX + 10 cm mark is at the naris (Figs.  28.18  
and  28.19 ).

        14.    Auscultate over the left upper quadrant while 
injecting a 20 ml air bolus.   

   15.    If gurgling is heard, secure the tube to the 
naris and get a chest X-ray to confi rm 
placement.   

   16.    If gurgling is not heard, continue to advance 
up to an additional 10 cm, secure the tube at 
the naris, and get a chest X-ray to identify 
the tube position (Fig.  28.20 ).

       17.    If at any time the patient has coughing, 
wheezing, oxygen desaturation, or diffi culty 
ventilating, immediately remove the tube.   

   18.    If the tube becomes diffi cult to pass at the 
gastroesophageal junction (NEX) or pyloric 
junction, a 5–10 ml bolus of air while 
advancing the tube will often facilitate pas-
sage of the tube beyond the sphincter.   

   19.    Always confi rm  placement   with a chest 
X-ray.    

  Fig. 28.14    Using the laryngoscope to assist insertion the 
NT tube into the esophagus. Photo by Tracy R. Land 
ACNP-BC, CVNP-BC       

  Fig. 28.15    Peeling the ET 
tube off the NG tube. Photo by 
Tracy R. Land ACNP-BC, 
CVNP-BC       
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  Fig. 28.16    Passing the NGT through the ET tube and 
into the stomach. Photo by Tracy R. Land ACNP-BC, 
CVNP-BC       

  Fig. 28.17    Removal of the ET tube from the NG and 
patients mouth. Photo by Tracy R. Land ACNP-BC, 
CVNP-BC       

  Fig. 28.18    Backing the NG tube out. Photo by Tracy R. 
Land, ACNP-BC, CVNP-BC       

  Fig. 28.19    NG tube at proper mark. Photo by Tracy R. 
Land ACNP-BC, CVNP-BC       

  Fig. 28.20    Securing the NG tube. Photo by Tracy R. 
Land ACNP-BC, CVNP-BC       

28.6        Confi rmation   

 X-ray is the gold standard for confi rmation of 
placement of the NG, OG, or nasoenteric tube 
[ 15 ]. A chest X-ray will often be suffi cient to 
confi rm placement of the NG or OG tube and will 
identify any thoracic complications. Visualization 
of the distal and proximal ports of the gastric tube 
can be challenging at times, especially in patients 
with a high body mass index (BMI). Some simple 
things that can be done to aid in visualizing these 
tubes are:

•    A feeding tube guidewire can be inserted or 
left in place to aid in the visualization of the 
tube to be verifi ed.  
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•   Have an assistant, wearing protective lead, 
inject a bolus of air into the tube to be verifi ed 
as the X-ray is being obtained. The bolus of 
air provides a dark background facilitating 
visualization of the tube.    

 An abdominal fi lm is required to confi rm 
placement of a nasoenteric tube.     
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      Percutaneous Endoscopic 
Gastrostomy                     

     Peter     S.     Sandor      ,     Brennan     Bowker      , 
and     James     E.     Lunn     

      Abbreviations 

   PEG    Percutaneous endoscopic gastrostomy   
  GI     Gastrointestinal   
  ACP    Advance care provider   
  ICU    Intensive care unit   
  NGT    Nasogastric tube   
  OG    Orogastric tube   
  INR    International normalized ratio   
  mm 3     Millimeters cubed   
  BMI    Body mass index   
  Kg    Kilogram   
  m 2      Meter squared   
  CT    Computerized tomography   
  BBS    Buried bumper syndrome   
  RCP    Respiratory care practitioner   
  cm    Centimeter   
  mL    Milliliter   
  NPO    Nil per os   
  ASGE     American Society for Gastrointestinal 

Endoscopy   

  EGD    Esophagogastroduodenoscopy   
  mcg    Microgram   
  mg    Milligram   
  IV     Intravenous   

29.1         Introduction 

 Nutritional support in the critically ill patient is 
paramount for optimal recovery. Although some 
debate the ideal delivery system, most will agree 
that enteral feeding is the superior route of nutri-
tional support in patients with functional gastro-
intestinal (GI) tracts. Prior to the advent of the 
percutaneous  endoscopic gastrostomy   (PEG) 
tube,  enteral nutrition   was delivered via a naso-
gastric tube (NGT) or a gastrostomy tube that 
was placed in an open fashion. Open gastrostomy 
tube placement, although previously felt the pro-
cedure of choice when long-term enteral feeding 
was necessary, is an invasive surgical procedure, 
which can have signifi cant morbidity in the criti-
cally ill patient. 

 Gauderer and colleagues changed the mindset 
of clinicians in 1980 when they introduced the 
PEG tube as a means to deliver enteral feedings, 
which subsequently bypassed the need to have 
the patient undergo a more invasive procedure 
with general anesthetic [ 1 ]. Although fi rst 
described in the pediatric population, PEG place-
ment quickly evolved as a procedure for patients 
of all ages and can be performed safely and easily 
at the beside. Several multicenter trials conducted 

        P.  S.   Sandor ,  RRT, MHSPA-C      (*) •    J.  E.   Lunn ,  RRT, 
MHS, PA-C      
  Department of Surgery ,  Saint Francis Hospital and 
Medical Center , 
  114 Woodland Street ,  Hartford ,  CT   06105 ,  USA   
 e-mail: psandor@stfranciscare.org; Jlunn@
Stfranciscare.org   

    B.   Bowker ,  MHS, PA-C      
  Yale-New Haven Hospital – St Raphael Campus , 
  1450 Chapel Street ,  New Haven ,  CT   06511 ,  USA   
 e-mail: Brennan.Bowker@YNHH.org  

  29

mailto:psandor@stfranciscare.org
mailto:Jlunn@Stfranciscare.org
mailto:Jlunn@Stfranciscare.org
mailto:Brennan.Bowker@YNHH.org


266

since its inception have determined that PEGs are 
indeed safe for long-term use [ 2 – 5 ]. Given this 
data and the ease of placement, PEG placement 
has become one of the most commonly per-
formed endoscopic procedures. Although data 
varies, over 200,000 PEGs are placed annually in 
the United States [ 6 ].  

29.2      Indication   

 In the intensive care unit (ICU), PEGs are rou-
tinely placed in the setting of trauma or burns, 
both of which can leave patients unable to take 
nutrition by mouth for long periods of time 
despite functioning GI tracts. Prolonged 
decreased level of consciousness from central 
nervous system disorders such as tumors, 
stroke, and motor neuron diseases is also indi-
cations for placement of a PEG tube [ 7 ]. 
Additionally, malignancy of the head or neck 
often precipitates prophylactic placement of a 
gastrostomy tube as this has been shown to 
reduce morbidity when placed therapeutically 
[ 8 ]. PEG tubes are also used for gastric decom-
pression especially when the jejunal  extension   
is utilized [ 9 ].  

29.3      Contraindications   

 There are a few absolute contraindications to 
PEG tube placement, and most relative contrain-
dications are a result of a preexisting comorbid-
ity that increases the risk of the procedure. As 
with any procedure, disorders of coagulation and 
presence of pharmacologic anticoagulation 
should draw special attention by the procedural-
ist. Some argue that elevated international nor-
malized ratio (INR) and thrombocytopenia are 
relative contraindications, while others favor 
these deranged lab values as absolute contraindi-
cations. Most concur, however, that an INR 
greater than 1.5, partial thromboplastin time 
(PTT) greater than 1.5 the normal value, or a 
platelet count less than 50,000 mm 3  should delay 
the procedure until corrected. The inability to 

perform upper endoscopy is the fi rst absolute 
contraindication to the procedure. These cases 
would include fully obstructing head or esopha-
geal tumors. Since this is an elective procedure, 
hemodynamic instability would also require 
postponement. Other absolute contraindications 
include severe ascites, peritonitis, infection at 
the site of PEG tube placement, and history of 
total gastrectomy [ 7 ]. 

 As obesity rates across the United States con-
tinue to steadily rise, this condition must be 
given special consideration to in the placement 
of PEG tubes. Several studies have shown that, 
though more technically challenging, no signifi -
cant increased morbidity is experienced when 
placing a PEG tube in obese individuals [ 10 –
 12 ]. The inability to transilluminate was the 
most common reason cited for “failure”; one 
study noted that obese patients with a BMI 
<35 kg/m 2  had a higher rate of success when 
compared to those with a BMI > 35 kg/m 2  [ 10 ]. 
McGarr and Bochicchio in two separate studies 
concluded similarly that overall PEGs  are   safe 
for placement despite the obese or even mor-
bidly obese body habitus [ 11 ,  12 ].  

29.4      Complications   

 With PEG tube placement, there can be compli-
cations related to the endoscopy as well as gas-
trostomy tube placement, both of which are 
relatively low [ 2 ]. 

29.4.1     Skin infections 

 Skin infections at the site of insertion are the 
most common complication of PEG tube place-
ment. Since the recommendation of prophylac-
tic antibiotics, the incidence of skin infections 
has decreased signifi cantly although the com-
plication itself has not been eradicated alto-
gether. High-risk individuals typically have 
other comorbidities including obesity, diabetes 
mellitus, poor nutritional status, and chronic 
corticosteroid therapy [ 13 ]. Even less common, 
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however, is the presence of necrotizing fasciitis 
after PEG. Although relatively few case reports 
exist in the literature, it should still draw the 
attention of the practitioner and kept in mind, 
especially in diabetic patients presenting with 
high  fevers  , leukocytosis, and erythema at the 
insertion site [ 14 – 17 ].  

29.4.2     Injury to Surrounding  Organs   

 Injuries to the colon, small bowel, and liver 
during PEG tube placement have all been 
described in the literature [ 18 – 20 ]. Colonic 
injury seems more commonplace as the colon 
can be juxtaposed above the stomach. The inci-
dence in one study revealed the rate of colo-
gastrocutaneous fi stula to be 6/2384 cases. In 
these cases, patients typically developed diar-
rhea and/or were noted to have fecal material 
draining from or around the tube insertion site 
[ 19 ]. Small bowel injury is less common and 
might not be recognized as patients may be 
asymptomatic, however when recognized, 
requires immediate surgical repair [ 18 ].  

29.4.3      Pneumoperitoneum   

 Pneumoperitoneum after PEG tube placement is 
only of concern when accompanied by other 
symptoms such as peritonitis. Wojtowycz com-
pleted a study in which patients who received 
PEG tubes underwent computerized tomogra-
phy (CT) scans 1 h to 9 days after placement. An 
astounding 56 % of patients were found to have 
pneumoperitoneum, yet none of the patients 
required intervention [ 21 ]. A more recent study 
noted that only 20 % of the cohort examined had 
pneumoperitoneum on post-procedure radio-
graphs. In all of these cases, none were found to 
have evidence of peritonitis or other life- 
threatening processes and concluded; pneumo-
peritoneum was essentially “benign” [ 22 ]. 
Although “benign” in most cases, pneumoperi-
toneum could  indicate   a serious complication of 
the procedure and should be evaluated appropri-
ately in these situations.  

29.4.4      Buried Bumper Syndrome   

 Buried bumper syndrome (BBS) is a rare but seri-
ous complication of PEG tube placement that can 
have fatal outcomes if not recognized expedi-
tiously. This occurs when the internal bumper of 
the PEG tube erodes through the gastric wall and 
migrates along the fi stulatous tract between the 
stomach and the skin. It is hypothesized that 
excess tension placed on the PEG tube, often in an 
attempt to prevent leakage from around the tube, is 
the cause of this condition [ 23 ]. Treatment in these 
cases involves removal of the buried bumper and 
debridement of necrotic tissue as necessary.  

29.4.5      Accidental Dislodgement   

 Accidental removal of PEG tubes is a very com-
mon complication and not typically related to pro-
cedural technique. Removal of the tube is 
described as “premature” occurring within 14 days 
of the initial placement or “late” occurring after 
the 2-week period. Tube removal within the fi rst 
14 days is a serious complication as the fi stulatous 
tract has yet to be formed. These cases should not 
be taken lightly as attempts at blind replacement of 
the tube can result in peritonitis and may require 
surgical exploration [ 24 ]. The rate of accidental 
dislodgement varies from study to study, but 
Rosenberger and colleagues found that the early 
accidental dislodgement rate was 4.1 %, which is 
congruent to other older studies that have been 
compiled [ 25 ]. Late accidental dislodgement of 
the PEG tube is less of a concern for life-threaten-
ing complications, as a tract from the stomach to 
the skin has usually formed. In the case of tubes 
that are dislodged well after the fi stula has been 
 formed  , it is typically safe to perform the replace-
ment without direct visualization although “tube 
studies” are frequently performed.   

29.5      Resources Required   

 The placement of a percutaneous gastrostomy tube 
is a two-proceduralist procedure that requires, at 
minimum, two skilled clinicians working together. 

29 Percutaneous Endoscopic Gastrostomy



268

One proceduralist is responsible for the endoscopy 
and the other proceduralist is responsible for the 
gastrostomy tube placement. If available, a third 
clinician is helpful and can assist the endoscopist 
with the snare/wire and equipment handling. 

 In addition to the two proceduralists, an 
experienced ICU nurse plays an integral role in 
completing the procedure, as they will be 
responsible for monitoring and documenting the 
patient’s vital signs, administering sedation, and 
alerting the team of any issues that arise. An 
experienced respiratory care practitioner (RCP) 
should be immediately available for airway 
complications. If the patient is intubated and 
mechanically ventilated, the RCP is responsible 
for ventilator management.  A   bag-valve mask 
should always be present and utilized when 
appropriate.  

29.6     Monitoring 

 As in any  critical   care setting, patients must be 
maintained on continuous telemetry with a  bed-
side   monitor. Vital signs including oxygen satu-
ration, heart rate, and blood pressure should be 
reassessed frequently during the procedure and 
documented as required by the individual institu-
tion. To avoid undue complications, all equip-
ment must be checked and secured prior to 
starting the procedure. 

29.6.1      Pulse Oximetry   

 The pulse oximeter is routinely available and 
should be utilized continuously. Poorly attached 
probes, dysfunctional devices, and diaphoretic 
patients will need to be corrected prior to the 
start of the procedure. Any decrease in the 
patient’s oxygen saturation should be taken seri-
ously and addressed promptly. If there is a 
decrease in the saturation, stop the procedure 
immediately and only resume once the oxygen 
level has stabilized. If the saturation does not 
return to baseline, consideration should be made 
to abort the procedure.  

29.6.2     Heart Rate 

  Heart rate is an   important indicator when assessing 
the patient’s pain level when chemical paralysis uti-
lized. If tachycardia is present, pain management 
and sedation should be addressed immediately. 
Conversely, bradycardia associated with hypoxemia 
or a pulse oximeter that is “inaccurate” is an omi-
nous sign. In this instance, the procedure should be 
aborted and the airway reevaluated. Bradycardia can 
also be a response to vagal stimulation, especially if 
the patient has a spinal cord injury. If the patient has 
vagally mediated bradycardia or spinal cord injury, it 
is prudent to have medication available to resuscitate 
the patient prior to starting the procedure.  

29.6.3      Blood Pressure   

 Hypertension is most commonly associated with 
pain and/or agitation and may be seen in conjunc-
tion with tachycardia. If hypertension is deemed 
secondary to pain, the nurse should administer 
analgesics. Hypotension, while a concerning sign, 
is also a common response to sedation and chemi-
cal paralysis. Fluid bolus will usually improve the 
patient’s hemodynamic status in these cases. If 
there is hypotension not responsive to a fl uid 
bolus, a myriad of other complications should be 
considered including bleeding, loss of airway, and 
vagal stimulation from gastric distention. Aborting 
the procedure along with performing a thorough 
head-to-toe examination must be performed to 
evaluate for any potential life-threatening condi-
tions. At the completion of the procedure, when 
stimulation is at a minimum, hypotension can still 
occur. Typically, this resolves after the effects of 
the sedation have been abated. If chemical paraly-
sis is utilized during the procedure, sedation 
should be maintained until paralysis has resolved 
to avoid unnecessary patient discomfort.   

29.7      Equipment   

 Standard upper endoscope with video cart (insuf-
fl ation, water irrigation, and photo available) 
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  PEG   Kit containing the following:

•    Silicone feeding tube with or without jejunal 
extension  

•   Chlorhexidine preparatory stick or swab stick 
containing povidone-iodine solution  

•   Guidewire—0.035 in. diameter, 260 cm 
length  

•   Endoscopy snare  
•   5 mL syringe with 22 gauge needle  
•   1 % lidocaine  
•   Sterile fenestrated drape  
•   Trocar needle/catheter assembly  
•   Surgical blade, No. 11, attached to scalpel  
•   Sterile water-soluble lubricant  
•   Scissors  
•   Surgical  marking   pen     

29.8      Technical Aspects   

 There are several techniques of PEG tube place-
ment; however, the “pull” technique will be 
explained. As with any procedure, a formal “time 
out” should be completed prior to its commence-
ment. The patient’s identity will be confi rmed 
with the wristband and medical record number, 
the procedure will be confi rmed as documented 
on the consent, and all members of the team will 
verify the procedural consent. A fi nal confi rma-
tion of all necessary equipment, medications, and 
imaging utilized for the procedure should be dis-
cussed at this time as well. 

29.8.1     Step 1: Preparation 
and Sedation 

 In preparation  for   the PEG procedure, patients 
are made nil per os (NPO) at least 6 h prior to the 
procedure. Thirty minutes prior to the procedure, 
administration of intravenous cefazolin, or its 
equivalent, should be dosed to reduce the inci-
dence of stomal infection [ 26 ]. 

 Once the time out occurs, procedural sedation 
is initiated, and the patient is positioned supine 
with the head of the bed slightly elevated to reduce 
the risk of aspiration. If the patient is mechanically 

ventilated, the respiratory care practitioner should 
confi rm that the patient is on a controlled ventila-
tor mode and the airway is checked for stability. 
Although practices are variable, for intubated 
patients, propofol 0.05 mg/kg IV bolus with a 
maintenance infusion of 25–50 mcg/kg/min or 
intermittent midazolam boluses of 1–2 mg IV 
every 3–5 min can be used to achieve adequate 
sedation. Propofol is preferred for its short half-
life; however, it may cause hypotension, espe-
cially when given as a bolus. 

 Once adequate sedation is achieved, analge-
sia should be provided with an opiate, such as 
fentanyl (0.5–2 mcg/kg dosed every 3–5 min). 
Fentanyl is preferred for its short duration of 
action and minimal hemodynamic effects. After 
appropriate sedation and analgesia occurs, a sin-
gle dose of cisatracurium besilate (0.15–0.2 mg/
kg IV) is recommended for temporary chemical 
paralysis. During the procedure, further doses of 
analgesia and sedation should be provided every 
3–5 min, as needed, based upon perceived pain 
or agitation. 

 The bed should be moved to a position that 
will accommodate the endoscopist either at the 
head or side of the bed, depending on the endos-
copist preference followed by adjustment of the 
video monitor. If an OG tube is present, it should 
now be clamped and left in place to be utilized as 
a guide for the endoscopist to follow into the 
stomach. Regardless of whether  the   patient 
receives chemical paralysis, a bite block should 
be placed to avoid damage to the endoscope.  

29.8.2     Step 2: Esophagogastro-
duodenoscopy ( EGD  )    

 Once the bite block is  secured   in place and the 
endoscope is lubricated with a water-soluble 
lubricant, it is gently placed into the patient’s oral 
pharynx and advanced in a fashion similar to that 
of placing an oral gastric tube. Insuffl ation should 
be utilized to help improve visualization of the 
anatomic landmarks of the aerodigestive tract. 
The endoscope should never be advanced with-
out visualization, as this could lead to  serious 
mucosal injury or perforation. The fi rst structure 
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visualized should be the glottis; care should be 
taken to follow the esophagus and avoid entering 
the trachea. If an OG tube is in place, it should be 
followed; the endoscope should be withdrawn if 
the vocal cords are visualized. Once the esopha-
gus is entered, the endoscope is carefully 
advanced through the gastroesophageal junction, 
into the stomach, and continued through the 
pylorus to evaluate the duodenum for pathology.  

29.8.3     Step 3: Landmark 

 After an adequate EGD  has   been performed, the 
endoscope should be retracted into the stomach 
and insuffl ation should be carried out until the 
stomach is completely distended. Now, transillu-
mination should be performed by pressing the 
“transillumination” feature of the endoscope 
which will increase the power of the light on the 
scope. When transilluminating, an orange glow 
will be visible through the abdominal wall 
(Fig.  29.1 ). Finger pressure is then applied at the 
point of maximum transillumination; this focal 

indentation should be seen endoscopically as 
well (Fig.  29.2 ).    The site with the least amount of 
fi nger pressure and best indentation is chosen. As 
a general rule, the area should be at least 1 in. 
below the costal margin and to the left of the 
xiphoid process (Fig.  29.3 ).  Once   the landmark is 
identifi ed, a surgical marking pen is used to indi-
cate the location of the PEG tube placement.

29.8.4          Step 4: Preparation of the Skin 

 After the landmark  has   been identifi ed, the site is 
cleansed with either a chlorhexidine preparatory 
sticks or a povidone-iodine solution. The abdomi-
nal operator performing the skin portion of the 
procedure will now don a sterile gown and gloves, 
mask and eye protection, as well as a cap. Next, 
the sterile drape will be placed over the abdomen 
with the fenestration over the landmark.  

29.8.5     Step 5: Skin Incision 
and Needle Puncture 

 Using the 5 mL syringe, the site  is   anesthetized 
with lidocaine. Using the scalpel, a horizontal 
incision 0.5–1 cm wide at the site of the land-
mark is made. The best technique for this inci-
sion is utilizing a gentle stabbing motion 
creating a 2–3 mm deep incision (Fig.  29.4 ). 
Next, place your index fi nger over the incision 
and press down on the skin in various direc-
tions, paying particular attention to the angle 
that produces the best indentation on the stom-
ach (which is visualized through the endo-
scope). Now, place the larger trocar needle with 
catheter through the incision and advance in the 
appropriate direction/angle. The maneuver can 
be described as a “quick poke” which is done in 
an effort to prevent pushing the stomach away 
from the anterior abdominal wall. The needle 
entering the stomach should be visible, through 
the endoscope, once it is advanced 3–4 cm. If 
the needle is not visible, it should be removed 
and the landmark reassessed. If unsure of the 
direction, depth, or landmark, the decision to 
abort  the   procedure should be made.  Fig. 29.1     Transillumination         
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29.8.6        Step 7: Snare/Guidewire 
Coupling 

 The snare should already be loaded in the 
endoscope and opened in the general direction 
of where the trocar needle is to be inserted 
prior to the gastric puncture (Fig.  29.5 ). Once 
the trocar needle is visualized, the snare should 
be looped around the trocar needle and closed 
(Fig.  29.6 ). Next, the abdominal operator will 
remove the trocar needle making sure to leave 
the catheter in place. The guidewire is then 

inserted through the catheter and should be 
visualized endoscopically. The guidewire tip 
should always be noted, to prevent accidental 
gastric puncture or mucosal injury. The snare 

  Fig. 29.2     Endoscopic view of   fi nger impression       

  Fig. 29.3     Landmark         

  Fig. 29.4     Abdominal   incision       
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is then loosened slightly to allow the catheter 
to be removed and then immediately closed to 
tightly grasp the wire (Fig.  29.7 ). The endosco-
pist now begins to slowly remove the endo-
scope along with the snare and guidewire. The 
abdominal operator will feed the guidewire 
through the puncture site (Fig.  29.8 ) until the 
endoscope is removed and the wire is visual-
ized exiting the mouth.

29.8.7           Step 8: Insertion 
of the PEG Tube 

 While securing the guidewire,  the   endoscopist 
lubricates the PEG tube and advances it over the 
guidewire starting at the tapered end. Once the 
PEG tube is completely loaded on the guidewire, 
the distal end of the wire is secured in the endos-
copists’ hand (Fig.  29.9 ). The abdominal opera-

  Fig. 29.6    Snare  looped   on needle       

  Fig. 29.5     Open   snare       
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tor will slowly pull back on the guidewire, while 
the endoscopist advances the PEG tube into the 
patient’s mouth (always make sure the guidewire 
exiting the patients’ mouth remains secured). 
This process continues until the abdominal oper-
ator visualizes the PEG tube exiting the skin 
incision (Fig.  29.10 ). With a short pause, the 
endoscopist snares the remaining distal end of 
the guidewire exiting the mouth (Fig.  29.11 ). 
The abdominal operator now grasps the PEG 

tube and resumes traction, while the endoscopist 
applies gentle pressure on the endoscope/PEG 
tube assembly to help it advance in to the stom-
ach. It is imperative that the abdominal operator 
pays strict attention to the PEG tube as care must 
be taken not to pull the PEG tube completely out 
of the abdominal incision. Therefore, once the 
numbers on the PEG tube are visualized exiting 
the skin, less traction should be applied 
(Fig.  29.12 ). The endoscopist can now visualize 

  Fig. 29.7    Snare  looped   on wire       

  Fig. 29.8     Advancing   wire       
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the PEG tube within the stomach, and, while 
under direct visualization, the abdominal oper-
ator pulls the PEG tube until the soft bumper is 
in contact with the gastric mucosa (Fig.  29.13 ). 
The snare is then released and the wire is com-
pletely removed, leaving the PEG in place. The 
number distance, (in centimeters) on the PEG 
tube, should be noted at the level of the skin 
(Fig.  29.14 ).

29.8.8             STEP 9: Crossbar Application 
and Final Inspection 

 The abdominal operator now  lubricates   the exter-
nal crossbar and slides it over the tapered end of the 
external portion of the PEG tube advancing it to the 
skin level. This is done slowly and carefully while 
the endoscopist continues to visualize the PEG 
tube bumper. Care must be taken when advancing 
the crossbar since aggressive advancement can 

  Fig. 29.9    PEG  tube  loaded 
on wire       

  Fig. 29.10    PEG tube 
 exiting   abdominal wall       
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lead to accidentally dislodgment of the PEG tube, 
which is a surgical emergency. Depending on 
abdominal wall thickness, the crossbar typically 
rests 2–4 cm, at the skin level (Fig.  29.15 ). The 
endoscopic portion of the procedure is now com-
plete. However, prior to removal of the endoscope, 
a picture should be taken for documentation and 
confi rm placement. Then, the stomach is decom-
pressed with continuous suctioning as the endo-
scope  is   removed.

29.8.9        Step 10: Procedure 
Completion 

 The abdominal operator  should   now apply the 
tube clamp supplied with the kit. Next, the 
PEG tube can be shortened as needed (leaving 
about 10–12 in. of tubing exiting the skin), and 
the feeding tube connector can be pressed into 
the distal end (Fig.  29.16 ). Initially, the PEG 
tube should be placed to gravity to allow for 

  Fig. 29.12    Numbers on 
 PEG   tube exiting skin       

  Fig. 29.11    Grasping  distal   
end of wire with PEG tube 
loaded       
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complete decompression and a loose dressing 
applied per hospital policy. If dressings are 
applied, they should be placed over the cross-
bar and not between the crossbar and the skin, 
which will create undue tension on the tube. To 
prevent dislodgement, care should be taken to 
avoid tension on the PEG tube; in agitated or 
active patients, an abdominal binder could be 
useful in this regard.

29.9         Placement of Percutaneous 
Endoscopic 
Gastrojejunostomy 

 If the decision is made to place a  jejunal   exten-
sion tube, the endoscope should remain in the 
stomach after the completion of the PEG tube 
procedure. Once the PEG tube procedure is com-
pleted and secured with a crossbar, the abdominal 

  Fig. 29.14    Final location 
of  PEG   tube with numbers 
visualized       

  Fig. 29.13    Bumper  against   gastric mucosa       
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operator places the jejunal extension guidewire 
through the lumen of the newly affi xed PEG tube. 
Utilizing a snare or forceps, the endoscopist will 
grasp this wire as it enters the stomach. Using the 
endoscope, the endoscopists will drag the wire 
through the pylorus and advance it as far as pos-
sible into the small bowel. At this junction, the 
goal is to remove the endoscope while maintain-
ing the wire within the small bowel. The forceps/
snare will be advanced through the scope as the 
scope is withdrawn which will help prevent dis-
lodgement of the guidewire. Once the endoscope 
is in the stomach, the guidewire is released and 
the snare/forceps is retracted into the scope. 

The jejunal extension tube is now threaded over 
the guidewire and advanced into the small bowel. 
Once in place, the guidewire is removed and the 
jejunal extension is secured to the gastrostomy 
tube. The stomach is decompressed and the endo-
scope is removed. Confi rmation of jejunal tube 
placement can be achieved by injecting 30 mL of 
water-soluble contrast through the jejunal tube 
 followed   by an abdominal radiograph.     
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      Flexible Intestinal Endoscopy                     

     Marialice     Gulledge       and     A.     Britton     Christmas     

       Flexible upper gastrointestinal endoscopy is gener-
ally a safe and common procedure enabling visual-
ization of the oropharynx, esophagus, stomach, and 
proximal duodenum [ 1 ]. Lower intestinal endos-
copy or colonoscopy allows visualization of the 
entire colon, rectum, and the terminal ileum. Both 
procedures are undertaken for a variety of diagnos-
tic or therapeutic reasons [ 2 ]. Many upper endosco-
pies are performed for the evaluation of symptoms 
or abnormal fi ndings on gastrointestinal (GI) radi-
ology [ 1 ]. It can also be used for surveillance (as in 
 Barrett’s esophagus  ) or to screen for gastric cancer. 
In the United States, lower intestinal endoscopy 
( colonoscopy  ) is the most commonly used screen-
ing test for colorectal cancer in the asymptomatic 
patient [ 3 ]. Evidence suggests that early detection 
and removal of adenomatous polyps may prevent 
some cancers and reduce mortality [ 4 ]. 

 While  fl exible intestinal endoscopy   is rou-
tinely scheduled and performed in the inpatient 
and outpatient setting, it remains a fairly uncom-
mon procedure in the critical care area. In this 
setting, the endoscopist is challenged with a 
unique set of circumstances as opposed to routine 
surveillance examinations [ 5 ]. Additionally, the 
indications are often somewhat different than for 

elective procedures and necessitating variability 
in techniques [ 5 ]. 

  Urgent endoscopy   may be employed to (1) deter-
mine the location and type of bleeding, (2) identify 
patients with ongoing hemorrhage or those at risk 
for rebleeding, (3) identify those patients that may 
be amenable to endoscopic intervention, and (4) 
guide and direct subsequent treatment [ 6 ,  7 ]. 

 Risks of endoscopy include aspiration, 
adverse reactions to sedation, perforation, and 
increased hemorrhage during therapeutic inter-
vention attempts [ 8 ]. In patients who have had a 
recent myocardial infarction (within 30 days), a 
careful assessment of the risks and benefi ts must 
be considered prior to upper endoscopy. While 
this particular patient population may be vulner-
able to complications from continued bleeding 
without endoscopy, they are also at increased risk 
for fatal ventricular tachycardia, hypotension, 
and respiratory arrest during the procedure [ 9 ]. 

30.1     The Role of Endoscopy 
for  Diagnosis   

 The American College of Gastroenterology 2012 
guidelines recommend endoscopy within 24 h of 
admission following optimization of hemody-
namics for patients with  upper gastrointestinal 
bleeding (UGIB)   [ 10 , p. 345]. For patients who 
are hemodynamically stable and without serious 
comorbidities, endoscopy should be performed 
in a nonurgent setting as soon as possible to dis-
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cern low-risk endoscopy fi ndings in patients who 
may potentially be safely discharged home [ 10 , 
p. 346]. For those with higher-risk features 
(tachycardia, hypotension, bloody emesis, or 
nasogastric aspirate in hospital), endoscopy 
within 12 h should be considered to potentially 
improve clinical outcomes [ 10 , p. 346].  

30.2      Indications   

   Acute gastrointestinal (GI) bleeding     represents 
one of the most common GI disorders. It involves 
any bleeding from the mouth, esophagus, stomach, 
and small and large intestines to the rectum [ 11 ]. 
Bleeding can range from the occult, notable on 
laboratory surveillance and guaiac testing, to the 
overt hemorrhage. The mortality rate increases 
with patients age > 65 years and in presence of 
comorbid conditions such as renal and/or hepatic 
 dysfunction  , heart disease, and malignancy [ 12 ]. 

  Acute upper GI bleeding (AUGIB)   carries a  
mortality of 6–10 % and an incidence of 40–150 
per 100,000 persons [ 12 ]. Common causes of 
AUGIB include ulcers (peptic, gastric, and duode-
nal), Dieulafoy’s lesions, arterial-venous malfor-
mations, varices, and aortoesophageal fi stula [ 7 , 
 12 ]. Other causes may include infectious  diarrhea   
caused by enteric pathogens such as  Salmonella , 
 Shigella , and  Clostridium diffi cile  [ 12 ]. 

  Acute    upper gastrointestinal (UGI) hemor-
rhage       is a common and potentially life-threaten-
ing diagnosis which accounts for more than 
300,000 hospitalizations at a cost of approxi-
mately 2.5 billion dollars annually [ 13 ]. UGIB is 
defi ned as bleeding from a source proximate to 
the ligament of Treitz and is categorized at vari-
ceal or non-variceal [ 13 ]. Bleeding from the UGI 
tract is four times more common than bleeding 
from the lower GI tract with a higher incidence in 
men than woman [ 13 , p. 7]. 

 Initial management of UGI includes obtaining 
an accurate history and physical examination, 
laboratory analysis, and appropriate diagnostic 
studies with ongoing assessment of hemody-
namic stability and active resuscitation [ 8 ]. The 
physical examination should focus on clinical 
signs which indicate the severity of blood loss, 

help localize the source of bleeding, and suggest 
potential complications [ 8 ]. The presence of 
abdominal pain associated with rebound tender-
ness or involuntary guarding suggests peritonitis 
and raises the concern of perforation [ 8 ]. If any of 
these signs are present, the possibility of perfora-
tion must be excluded prior to endoscopy [ 8 ]. 

 The management of UGI bleeding in critically 
ill patients is often confounded by an association 
of comorbidities, the risk for recurrent GI bleed-
ing, and advanced age. A risk assessment should 
be performed to help stratify patients into high- 
and low-risk categories which may assist with 
clinical decision making regarding the timing of 
endoscopic evaluation and the appropriate admis-
sion level of care [ 10 , p. 347]. A variety of triage 
and risk assessment scores exist to help differen-
tiate risk and mortality in patients who present 
with acute upper gastrointestinal hemorrhage 
(UGIH).  The   pre-endoscopic Rockall score uses 
clinical data available at time of presentation 
which relates the severity of the bleeding episode 
(systolic blood pressure and pulse) to patient fac-
tors (age and comorbidities) [ 14 ]. The Blatchford 
score has a range of 0–23 and uses clinical and 
laboratory data available soon after admission to 
predict the risk of intervention and death (sys-
tolic blood pressure, pulse, melena, syncope, 
hepatic disease, heart failure, hemoglobin, and 
blood urea nitrogen) [ 15 ]. 

 Factors that predict bleeding from an upper GI 
source include a patient reported history of melena, 
melenic stool on examination, blood or  coffee   
grounds appearing gastric drainage on nasogastric 
lavage, and a blood urea nitrogen to serum creati-
nine greater than 30 [ 16 ]. However, the presence 
of blood clots in stool decreased the likelihood of 
an UGIB. The presence of tachycardia, nasogas-
tric lavage with red blood, or a hemoglobin of less 
than 8 g/dl increased the likelihood of severe 
UGIB requiring urgent intervention [ 16 ]. 

 The severity of illness should direct resuscita-
tive efforts. Patients with hemodynamic instabil-
ity must be managed with rapid intervention to 
secure the airway, breathing, and circulation 
(ABCs). During the initial resuscitation, it is 
important to determine if the bleeding is from an 
upper or lower GI source as this will help guide 
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the diagnostic approach. In the hemodynamically 
unstable patient with hematochezia and an 
unclear GI bleeding source, esophagogastroduo-
denoscopy (EGD) is recommended prior to colo-
noscopy to rule out upper GI bleeding [ 17 ].  

30.3     Indications for Lower 
Intestinal Endoscopy 

   Acute lower GI bleeding (ALGIB)     is   typically 
less dramatic than upper GI bleeding and is often 
self-limiting in nature [ 7 ]. Common causes of 
ALGIB include diverticulosis, ischemic colitis, 
vascular ectasias, hemorrhoids, rectal varices, 
nonsteroidal anti-infl ammatory drug (NSAID) 
use, infl ammatory bowel disease, and malig-
nancy [ 7 ,  12 ]. Of note, the use of enteric-coated 
aspirin does not reduce the risk  of   GI bleed [ 12 ]. 

   Acute colonic pseudo-obstruction (ACPO or 
Ogilvie syndrome)     is   characterized by massive 
colonic dilation in the absence of mechanical 
obstruction. Ischemia and perforation are potential 
life-threatening complications from this syndrome. 
The rate of ischemia and perforation increases sig-
nifi cantly with cecal diameters of >10 cm as the 
tension increases on the colon wall. See Fig.  30.1 .

   Initial management is typically conservative 
with orders for nothing by mouth, nasogastric 
tube placement and decompression, rectal tube 

decompression, and patient ambulation 
(as clinically indicated). 

 Additionally, the  advanced care practitioner 
(ACP)   should evaluate and correct electrolyte and 
metabolic abnormalities. Laboratory testing may 
include phosphorus, magnesium, calcium, and 
thyroid function [ 18 , p. 673]. If sepsis is suspected, 
obtain blood cultures and initiate antibiotics. 
Management should also include the discontinua-
tion of narcotics and anticholinergic medications. 
Frequent physical examinations should be per-
formed to assess for abdominal tenderness or any 
signs of peritonitis [ 18 ] with ongoing plans for 
operative intervention as appropriate. 

   Colonic volvulus     occurs   a bowel segment 
twists upon itself resulting in colonic obstruction, 
venous congestion, and arterial infl ow obstruction 
to the affected area [ 18 ]. See Fig.  30.2 . Endoscopic 
decompression and rectal tube placement may 
successfully reestablish integrity of the bowel. 
Following the procedure, the clinician must moni-
tor for ongoing peritonitis from perforation, isch-
emia, or bowel infarction after detorsion.

     Left-sided colonic or rectal ischemia    (see 
Fig.  30.3 )  is   a possible complication following 
surgical repair of ruptured  abdominal aortic aneu-
rysm (AAA)  . The reported incidence ranges from 
10 % to 42 % following open repair of ruptured 

  Fig. 30.1    X-ray  of   ACPO         Fig. 30.2     Colonic volvulus         
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AAA [ 19 ,  20 ]. The origin of colonic ischemia 
(CI) following AAA repair is multifactorial and 
includes operative repairs lasting longer than 4 h, 
hypotension and underlying shock, the use of 
vasopressive medications, inferior mesenteric 
artery and/or internal iliac artery occlusion, 
micro- embolization, and underlying renal dis-
ease. In some cases, rigid sigmoidoscopy or colo-
noscopy may be necessary to evaluate the 
possibility of bowel ischemia at the bedside [ 19 ]. 
However, once the diagnosis of CI is confi rmed, 
colectomy should be considered. The patient 
should undergo  ongoing   diligent surveillance 
until returned to the operating room.

30.4         Preparation Step-Up   

 If time allows, the ACP can facilitate family noti-
fi cation and obtain consent. During this discus-
sion, the ACP should include the possibility of 
the need for further diagnostic workup and inter-
ventions. This may include the need for angiog-
raphy/arteriography or operative intervention 
with the possibility of exploratory laparotomy. 

 Endoscopic carts and equipment are often 
retrieved from the surgical or endoscopy suite. 
See Fig.  30.4 . The endoscope is a fl exible tube 
that contains a control section, an insertion tube, 
and a connector area.

•     The control section is held in the physicians’ 
left hand and has two stacked dials or wheels 
that control direction by defl ecting the instru-
ment up/down or left/right. Buttons on the 
control section are used for insuffl ation, air, 
and suction [ 21 ]. Additionally, the control sec-
tion has an entry port to use to introduce or 
insert accessories through the channel of the 
device [ 21 ]. See Fig.  30.5 .

•      The insertion tube is a fl exible shaft and is 
attached to the control section. See Fig.  30.6 . 
It varies in length according to primary use. 
This tube contains an air and water channel 
and either a fi ber-optic source or an electronic 
video system [ 21 ].

•      The connector area attaches the endoscope to 
an image processor, a light and electrical 
source, air, and water [ 21 ]. See Fig.  30. 7 .

      Ideally for upper endoscopy, the patient should 
have  had nothing by mouth for 4–8 h. The 
requirements for the patient bowel preparation for 
lower GI endoscopy may vary from physician to 
physician; therefore, the ACP should have ongo-
ing dialogue with the attending physician regard-
ing the proposed plan for either procedure and 
enter physician orders accordingly. Some physi-
cians perform colonoscopy on the un-prepped 
bowel, as blood acts as a laxative and its presence 
may provide additional information regarding the 
location of the bleed [ 7 ]. In patients with ACPO, 
colonoscopy is performed without the administra-
tion of oral laxatives or bowel preparation [ 18 ]. 
Additionally, sedation with benzodiazepines 
alone is preferred because the use of narcotics can 
further inhibit  colonic   motility [ 18 , p. 675].  

30.5      Procedure   

     1.    Conduct a complete history and physical 
examination.   

   2.    Obtain informed consent. If emergent, docu-
ment a detailed note in the medical record of 
the indications addressing the emergent 
nature of the procedure.   

   3.    Upper or lower GI preparation orders at the 
direction of the attending physician (typi-
cally four or more liters of polyethylene 

  Fig. 30.3     Colonoscopic   demonstration of colonic isch-
emia following open repair of ruptured AAA       
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  Fig. 30.4     Endoscopy   cart       

  Fig. 30.5    Control  buttons   for colonoscope         Fig. 30.6     Flexible   shaft       
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glycol- based solutions for lower GI 
preparation).   

   4.    Perform a “time out” to verify patient and 
procedure and address any possible concerns 
that may arise.   

   5.    Ensure appropriate hemodynamic monitoring.   
   6.    Attach the endo-videoscope connector to the 

endoscopy video system.   
   7.    Attach wall suction to the endo-videoscope.   
   8.    Pretreatment with appropriate sedatives/

analgesia as appropriate.   
   9.    Prep, position, and drape the patient in the 

proper position.   
   10.    During the colonoscopy procedure, the ACP 

can ensure proper documentation of:
    (a)     Vital   signs (including pulse oximetry)   
   (b)    Cardiac rhythm   
   (c)    Level of sedation/consciousness   
   (d)    Endoscopy depth of insertion

•    For lower GI:
 –    Cecal intubation time  
 –   Colonoscopy withdrawal time from 

the cecum         
   (e)    Presence of any pathology   
   (f)    Interventions performed   
   (g)    Any unexpected or untoward 

outcomes/   events          

30.6     Complications/Pitfalls  in   ICU 

 Patients must have continuous cardiac monitor-
ing, pulse oximetry, and blood pressure monitor-
ing throughout the procedure. Additionally, the 
ACP should prepare the staff and the patient to 

prepare for possible invasive hemodynamic 
 monitoring. In the hemodynamically labile or 
unstable patient undergoing intubation with rapid 
sequence intubation, one must anticipate the 
potential side effects of medication administra-
tion on the hemodynamics of the patient. It is not 
uncommon for hypotension to occur following 
induction. The ACP must anticipate untoward 
effects and ensure that intravenous crystalloid 
fl uids are available for infusion via pressure bags 
if needed. Additionally, vasopressors should be 
premixed and readily available. 

 Initial laboratory evaluation should include a 
complete blood count, a coagulation profi le, 
serum chemistry, and type and crossmatch for 
blood products. Consideration for serum lactate 
monitoring and arterial blood gas evaluation may 
be of additional diagnostic value. Fresh frozen 
plasma (FFP), platelets, and cryoprecipitate may 
be considered for treatment of coagulopathy. For 
patients who receive warfarin, vitamin K may 
also be considered with the use of FFP or pro-
thrombin complex. 

 Patients should receive appropriate ongoing 
volume resuscitation, correction of electrolytes, 
and intermittent nasogastric suction for decom-
pression. Under-recognition of shock is a pitfall 
that must be avoided. The treatment of shock 
should occur concomitantly as the differential 
sources of GI emergency are being evaluated 
and determined. The ACP must understand that 
a “normal blood pressure” does not exclude the 
diagnosis of shock. Ongoing monitoring of end- 
organ perfusion includes the patients’ level of 
consciousness, serum lactate monitoring, cen-
tral venous oxygen saturation (ScvO 2 ) or mixed 
venous oxygen saturation (SvO 2 ), hourly urine 
output, as well as other clinical indicators. 
While intravenous fl uids should be ordered and 
administered, consideration for the use of vaso-
pressors may be needed to further support ade-
quate perfusion of the organs. Additionally, 
when bleeding cannot be controlled endoscopi-
cally, preparation for arteriography or intraop-
erative intervention must be considered and 
initiated. 

 The ACP should possess an understanding of 
the relative contraindications to endoscopy 
which include severe coagulopathy, severe 

  Fig. 30. 7    Air/water/light source       
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thrombocytopenia, and severe neutropenia. 
Additional relative surgical complications 
include colonic necrosis, fulminant colitis, toxic 
megacolon, acute severe diverticulitis, recent 
colonic surgery, and acute peritonitis [ 22 ].  In   
patients with peritoneal signs or suspicion for 
perforation, prompt surgical consultation is nec-
essary and recommended [ 18 ].     

   References 

     1.   Greenwald DA, Cohen J. Overview of upper gastroin-
testinal endoscopy (esophagogastroduodenoscopy) 
[up to date, cited 2015 Oct 15]. Available from:   http://
www.uptodate.com/contents/overview-of-upper- 
gastrointestinal-endoscopy-  esophagogastroduodenos
copy?source=search_result&search=role+of+endosc
opy&selectedTitle=1%7E150      

    2.    Grassini M, Verna C, Niola P, Navino M, Battaglia E, 
Bassotti G. Appropriateness of colonoscopy: diagnostic 
yield and safety in guidelines. World J Gastroenterol. 
2007;13(12):1816–9. Available from   http://www.ncbi.
nlm.nih.gov/pubmed/17465472    .  

    3.    Lieberman DA, Rex DK, Winawer SJ, Giardiello FM, 
Johnson DA, Levin TR. Guidelines for colonoscopy sur-
veillance after screening and polypectomy: a consensus 
update by the US Multi-Society Task Force on colorectal 
cancer. Gastroenterology. 2012;143(3):844–57. Available 
from   http://dx.doi.org/10.1053/j.gastro.2012.06.001    .  

    4.    Zauber AG, Winawer SJ, O’Brien MJ, Volelaar IL, 
et al. Colonoscopic polypectomy and long-term pre-
vention of colorectal-cancer deaths. N Engl J Med. 
2012;366(8):687–96. Available from   https://www.med.
upenn.edu/gastro/documents/nejmoa1100370.pdf    .  

     5.    Church J, Kao J. Bedside colonoscopy in intensive 
care units: indications, techniques and outcomes. Surg 
Endosc. 2014;28(9):2679–82. doi:  10.1007/s00464-
014-3526-6    . Available from   http://www.ncbi.nlm.nih.
gov/pubmed/24771194    . Epub 26 Apr 2014.  

    6.    Albeldawi M, Ha D, Mehta P, Lopez R, Jang S, Vargo 
JJ, et al. Utility of urgent colonoscopy in acute lower 
gastrointestinal bleeding: a single center experience. 
Gastroenterol Rep (Oxf). 2014;2(4):300–5.  

        7.    Barnert J, Messmann H. Management of lower gastroin-
testinal tract bleeding. Best Pract Res Clin Gastroenterol. 
2008;22(2):295–312. Available from   http://www.bpgas-
tro.com/article/S1521- 6918(07)00131-X/abstract    .  

        8.   Saltzman JR, Feldman M (editor), Travis AC (editor). 
Approach to the acute upper gastrointestinal bleeding 
in adults [up to date cited 2014 Sep 22). Available 
from up to date:   http://www.uptodate.com/contents/
approach-to-acute-upper-gastrointestinal-bleeding-
in-adults?source=machineLearning&search=upper+
GI+bleed+in+the+ICU&selectedTitle=1%7E150&se
ctionRank=1&anchor=H4#H4      

    9.    Cappell MS, Iacovone FM. Safety and effi cacy of 
esophagogastroduodenoscopy after myocardial infarc-
tion. Am J Med. 1999;106(1):29–35. Available from 
  http://www.ncbi.nlm.nih.gov/pubmed/10320114    .  

       10.    Laine L, Jensen DM. Management of patients with 
ulcer bleeding. Am J Gastroenterol. 2012;107:345–
60. doi:  10.1038/ajg.2011.480    .  

    11.    El-Tawil AM. Trends on gastrointestinal bleeding and 
mortality: where are we standing? World J Gastroenterol. 
2012;18(11):1154–8. doi:  10.3748/wjg.v18.i11.1154    .  

         12.    Manning-Dimmitt LL, Dimmitt SG, Wilson 
GR. Diagnosis of gastrointestinal bleeding in adults. Am 
Fam Physician. 2005;71(7):1339–46. Available from 
  http://www.aafp.org/afp/2005/0401/p1339.html    .  

      13.   Kim J. Management and prevention of upper GI bleed-
ing. Gastroenterology and Nutrition Series PSAP–VII. 
2012:7–26 [cited 2014 Sep 22]. Available from:   http://
www.accp.com/docs/bookstore/psap/p7b11sample01.
pdf      

    14.    Rockall T, Logan RF, Devlin HB, Northfi eld TC. Risk 
assessment after acute upper gastrointestinal hemor-
rhage. Gut. 1996;38(3):316–21. Available from   http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC1383057/    .  

    15.    Blatchford O, Murray WR, Blatchford M. A risk score 
to predict need for treatment for upper gastrointestinal 
hemorrhage. Lancet. 2000;356(9238):1318–21.  

     16.    Srygley FD, Gerardo CJ, Tran T, Fisher DA. Does this 
patient have a severe upper gastrointestinal bleed? 
JAMA. 2012;307(10):1072–9.  

    17.    Barnert J, Messmann H. Diagnosis and management of 
lower gastrointestinal bleeding. Gastroenterol Hepatol. 
2009;11:637–46. doi:  10.1038/nrgastro.2009.167    .  

         18.    American Society for Gastrointestinal Endoscopy 
(ASGE). The role of endoscopy in the management of 
patients with known and suspected colonic obstruc-
tion and pseudo-obstruction. Gastrointest Endosc. 
2010;71(4):669–79. doi:  10.1016/j.gie.2009.11.027    . 
Available from:   http://www.asge.org/uploadedFiles/
Publications_and_Products/Practice_Guidelines/
The%20role%20of%20endoscopy%20in%20the%20
management%20of%20patients%20with%20
known%20and%20suspected%20colonic%20
obstruction%20and%20pseudo-obstruction.pdf    .  

     19.    Becquemin JP, Majewski M, Fermani N, Marzell J, 
Desgrandes P, Allaire E, et al. Colon ischemia follow-
ing abdominal aortic aneurysm repair in the era of 
endovascular abdominal aortic repair. J Vasc Surg. 
2008;47(2):258–62. doi:  10.1016/j.jvs.2007.10.001    .  

    20.    Champagne BJ, Lee C, Valerian B, Mulhotra N, Mehta 
M. Incidence of colonic ischemia after repair of rup-
tured abdominal aortic aneurysm with Endograft. J Am 
Coll Surg. 2007;204(4):597–602.  

       21.    Bosco JJ, Barkun AN, Isenberg GA, Nhuyen CC, 
Petersen BT, Silverman WB, et al. Gastrointestinal endo-
scopes. Gastrointest Endosc. 2003;58(6):822–30.  

    22.   Bayat I, Hirst, J, Miller, BJ, Kate V (editor). MEDSCAPE 
[2014 Aug 13). Introduction to rigid sigmoido
scopy. Available from:    http://emedicine.medscape.com/
article/81001-overview          

30 Flexible Intestinal Endoscopy

http://www.uptodate.com/contents/overview-of-upper-gastrointestinal-endoscopy-esophagogastroduodenoscopy?source=search_result&search=role+of+endoscopy&selectedTitle=1~150
http://www.uptodate.com/contents/overview-of-upper-gastrointestinal-endoscopy-esophagogastroduodenoscopy?source=search_result&search=role+of+endoscopy&selectedTitle=1~150
http://www.uptodate.com/contents/overview-of-upper-gastrointestinal-endoscopy-esophagogastroduodenoscopy?source=search_result&search=role+of+endoscopy&selectedTitle=1~150
http://www.uptodate.com/contents/overview-of-upper-gastrointestinal-endoscopy-esophagogastroduodenoscopy?source=search_result&search=role+of+endoscopy&selectedTitle=1~150
http://www.uptodate.com/contents/overview-of-upper-gastrointestinal-endoscopy-esophagogastroduodenoscopy?source=search_result&search=role+of+endoscopy&selectedTitle=1~150
http://www.ncbi.nlm.nih.gov/pubmed/17465472
http://www.ncbi.nlm.nih.gov/pubmed/17465472
http://dx.doi.org/10.1053/j.gastro.2012.06.001
https://www.med.upenn.edu/gastro/documents/nejmoa1100370.pdf
https://www.med.upenn.edu/gastro/documents/nejmoa1100370.pdf
http://dx.doi.org/10.1007/s00464-014-3526-6
http://dx.doi.org/10.1007/s00464-014-3526-6
http://www.ncbi.nlm.nih.gov/pubmed/24771194
http://www.ncbi.nlm.nih.gov/pubmed/24771194
http://www.bpgastro.com/article/S1521-6918(07)00131-X/abstract
http://www.bpgastro.com/article/S1521-6918(07)00131-X/abstract
http://www.uptodate.com/contents/approach-to-acute-upper-gastrointestinal-bleeding-in-adults?source=machineLearning&search=upper+GI+bleed+in+the+ICU&selectedTitle=1~150&sectionRank=1&anchor=H4#H4
http://www.uptodate.com/contents/approach-to-acute-upper-gastrointestinal-bleeding-in-adults?source=machineLearning&search=upper+GI+bleed+in+the+ICU&selectedTitle=1~150&sectionRank=1&anchor=H4#H4
http://www.uptodate.com/contents/approach-to-acute-upper-gastrointestinal-bleeding-in-adults?source=machineLearning&search=upper+GI+bleed+in+the+ICU&selectedTitle=1~150&sectionRank=1&anchor=H4#H4
http://www.uptodate.com/contents/approach-to-acute-upper-gastrointestinal-bleeding-in-adults?source=machineLearning&search=upper+GI+bleed+in+the+ICU&selectedTitle=1~150&sectionRank=1&anchor=H4#H4
http://www.uptodate.com/contents/approach-to-acute-upper-gastrointestinal-bleeding-in-adults?source=machineLearning&search=upper+GI+bleed+in+the+ICU&selectedTitle=1~150&sectionRank=1&anchor=H4#H4
http://www.ncbi.nlm.nih.gov/pubmed/10320114
http://dx.doi.org/10.1038/ajg.2011.480
http://dx.doi.org/10.3748/wjg.v18.i11.1154
http://www.aafp.org/afp/2005/0401/p1339.html
http://www.accp.com/docs/bookstore/psap/p7b11sample01.pdf
http://www.accp.com/docs/bookstore/psap/p7b11sample01.pdf
http://www.accp.com/docs/bookstore/psap/p7b11sample01.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1383057/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1383057/
http://dx.doi.org/10.1038/nrgastro.2009.167
http://dx.doi.org/10.1016/j.gie.2009.11.027
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://www.asge.org/uploadedFiles/Publications_and_Products/Practice_Guidelines/The role of endoscopy in the management of patients with known and suspected colonic obstruction and pseudo-obstruction.pdf
http://dx.doi.org/10.1016/j.jvs.2007.10.001
http://emedicine.medscape.com/article/81001-overview
http://emedicine.medscape.com/article/81001-overview


287© Springer International Publishing Switzerland 2016 
D.A. Taylor et al. (eds.), Interventional Critical Care, DOI 10.1007/978-3-319-25286-5_31

      Common Urologic Procedures                     

     Timothy     M.     Fain       and     Chris     Teigland     

        T.  M.   Fain ,  MSN, BSN, NP      (*)
   C.   Teigland ,  MD, FACS     
  Department of Urology ,  Carolinas Medical Center , 
  1023 Edgehill Rd South ,  Charlotte ,  NC   28173 ,  USA   
 e-mail: tim.fain@carolinashealthcare.org  

  31

31.1           Proper Technique 
for the Insertion of  Foley 
Catheters   

 While most Foley catheters are  usually   inserted 
by nurses in the Emergency Department prior to 
the patient’s arrival in the ICU setting, a good 
percentage of these patients will eventually 
require a Foley to be placed for various reasons. 
Therefore, it is a good practice to know proper 
sterile technique. Since this is taught in detail in 
most nursing institutions, we will briefl y review 
it here [ 1 ]. This chapter will cover general tech-
nique and will not address some of the more 
complicated insertions, such as in the morbidly 
obese patient with a buried penis.

    1.    Wearing clean gloves, cleanse the patient’s 
genitals with either a betadine solution or 
chlorhexidine solution (usually provided in 
Foley  catheter   kit). Be sure to check patient’s 
allergies fi rst (particularly to iodine/betadine). 
When halfway through the prep, don a pair of 
sterile gloves (also provided in the Foley kit) 
and fi nish the prep. This is to prevent the ster-

ile gloves from becoming contaminated early 
on in the prep.   

   2.    In males, pay attention to prepping the scrotum/
inner thighs as the penis is often set back down 
after prepping, and it may touch these adjacent 
surfaces, contaminating the cleansed surface.   

   3.    In heavily soiled patients (from bodily fl uids 
such as blood, stool, or purulent material), 
make sure patient is bathed adequately before 
attempting any prep.   

   4.    Drape the patient with a sterile drape or fi eld 
if desired and provided; most simple inser-
tions do not necessitate this step.   

   5.    In females, spread the labia before inserting 
the Foley. In males, fi rmly elevate the penis 
with one hand while inserting the tip of the 
Foley with the other. Be sure to apply adequate 
lubrication. In most kits, a syringe of  lubricat-
ing   jelly is provided; with males, apply a small 
amount of this jelly to the Foley and inject the 
rest directly into the urethra. This will maxi-
mize the amount of lubrication used.   

   6.    In females, insert the Foley well beyond when 
you begin to see urine emanating from the tip 
of the Foley; for males, insert every Foley to 
the hub/balloon port. This will ensure that you 
get good placement and do not injure the pros-
tatic urethra with the balloon.   

   7.    Finally, once you feel the catheter is in appro-
priate position in the bladder (the Foley will 
not be extruding itself from the urethra in 
males), gently infl ate the balloon with 10 ml 
of sterile water (not saline, which can crystallize 
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and prevent balloon from defl ating), gently 
pull balloon down to bladder neck, and  place   
 catheter   to straight drainage. If the patient has 
obvious discomfort while infl ating the bal-
loon, take care that you are not still in the 
urethra.    

31.2        Diffi cult Foley Catheter 
Insertions   

31.2.1      Benign Prostatic Hypertrophy 
(BPH)   

 Most of the consults we see for this issue have 
usually a signifi cant history of voiding com-
plaints or lower urinary tract symptoms; often the 
history is not immediately revealed because of 
the critical nature of the patient’s illness, other 
than as evidenced in the medical record. Often at 
the point of consultation, there have been at least 
several attempts by the nursing staff and/or ICU 
providers to place a Foley catheter, albeit unsuc-
cessfully. Usually, the types of catheters that have 
been attempted are standard latex Foleys (16 or 
18fr) and sometimes a Coude, which is a type of 
curved tip catheter that is good for advancing 
beyond the area of the prostate (Fig.  31.2 ). 

 Generally speaking, the setup used for placing a 
Foley in a patient with suspected BPH is the same 
as other diffi cult catheter insertions [ 2 ]: fi rst obtain 
the urology cart from medical equipment so that 
the person inserting the catheter has good access to 
whatever equipment/supplies that may be needed. 
Typically in this scenario, without knowing 
whether the diffi culty in placing the Foley is from 
BPH or another issue (such as urethral stricture), 
the usual supplies brought into the room include a 
standard Foley kit, a boat of 4 × 4s or gauze, a Uro-
jet syringe (Fig.  31.1 ), a 20fr Coude-tip Foley 
(Fig.  31.2 ), and a 12fr all- silicone Foley (Fig.  31.3 ).

       1.    Using the standard Foley kit, prep the patient 
using sterile technique.   

   2.    Drape the patient with sterile towels or a 
sterile fi eld/drape (using the supplies in the 
Foley kit), and if using a  specialty   catheter, 
remove the 16 or 18fr Foley from the tubing 

in the box, being careful to separate these 
items from the rest of the contents in the kit 
in order to maintain a sterile fi eld. Make sure 
you open any items you intend to use while 
in sterile gloves fi rst, i.e., the Uro-jet syringe. 
Then open the outer wrapper of the Foley 
you intend to use and place the Foley on the 
sterile  fi eld   (there should still be a plastic 
wrapper around it).   

  Fig. 31.2     Coude Foley catheter         

  Fig. 31.1     Uro-jet syringe         
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   3.    Make sure you have sterile gloves on at this 
point (if not done during the prep).   

   4.    Open the Foley intended for use and place it 
on the sterile fi eld.   

   5.    Administer a Uro-jet syringe with viscous 
lidocaine jelly directly into the patient’s ure-
thral meatus. This adds the advantage of 
dilating the urethra, providing local analge-
sia, and potentially closing any posterior 
fl aps in the urethra that have been unearthed 
by multiple Foley attempts (these are called 
false passages). This extra lubrication can 
actually make the difference when placing a 
Foley in these type of circumstances, whether 
the obstruction is due to BPH or another 
issue.   

   6.    Once the Uro-jet has been administered and 
adequate time has passed to provide analge-
sia, usually 20–30 s anecdotally—however 
some literature suggests up to 10 min may be 
necessary in some cases [ 2 ]—the Foley cath-
eter should then be heavily lubricated on the 
distal third and then, with the tip of the Coude 
facing upward, inserted gently until resistance 
is met. The way to tell if the Coude Foley tip 
is facing upward while in the urethra is to 
keep the balloon port of the catheter facing up 
at all times. This will give you the greatest 
chance of passing the Foley catheter beyond 
the prostate or a false urethral passage.   

   7.    If the Foley will not advance, depending on 
your comfort level, some pressure may be nec-
essary if the prostate hypertrophy is signifi cant. 

If the Foley still will not advance, make sure a 
urology provider is the only person performing 
further attempts.   

   8.    If the Foley advances into the bladder, do not 
infl ate the balloon unless urine is seen effl ux-
ing from the Foley  port  . Make sure to 
advance the Foley all the way to the hub, and 
if it is not extruding itself from the urethra, 
you can be fairly confi dent you are in the 
bladder, particularly if confi rmed with urine 
output. Sometimes the gel from the Uro-jet 
will clog the Foley tip, and to  confi rm   you 
are in the bladder, you may have to take a 
syringe and aspirate the main Foley port to 
bring urine into the Foley or hand irrigate the 
Foley with a Toomey syringe.   

   9.    Gently infl ate the balloon with the 10 ml of 
sterile water provided with the kit. If resis-
tance is noted to balloon infl ation or if you 
note the patient becoming agitated when you 
attempt to infl ate it, the Foley may still be in 
the prostate or not in the right place. You 
may consider using 30 ml if the patient has 
already pulled another Foley out with the 
balloon infl ated or if you are inserting a 
three-way hematuria catheter (covered in 
another section).   

   10.    Gently pull down the catheter balloon until it 
rests at the bladder neck, then attach the 
Foley tubing to the patient’s leg using a leg 
strap or securing device (stat-lock; see illus-
tration). Depending on the patient’s condi-
tion, one application may be more suitable 
than the other (if there is not much length of 
Foley protruding from the urethra, a stat-lock 
will not work).   

   11.    Watch the Foley drain to see if there are any 
indications of a problem (sudden output of 
bright red blood,    clots in the tubing, no urine 
output, or blood/ urine   coming out around the 
Foley).    

31.2.2       Urethral  Stricture    Diseas   e   

 Most of the patients with this problem have some 
degree of voiding complaints, although they may 
not be able to give you any information in the critical 

  Fig. 31.3     All-silicone Foley catheter         
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care setting. Most urethral strictures are discov-
ered when a Foley is being attempted, and it will 
not pass into the bladder. About 99 % of these 
patients are male; true urethral stricture disease in 
females is extremely rare. These can seem or feel 
like BPH, when in reality, a more involved process 
is indicated. Prompt urologic consultation is indi-
cated in these situations, as nearly all complex 
strictures require a surgical procedure to bypass 
with a Foley. For the sake of instruction, we will 
include the usual techniques utilized to dilate or 
open strictures. The goal of dilation with urethral 
strictures should be the minimal amount to allow 
the smallest effective catheter to pass, usually 
dilate to two French sizes above planned size of 
Foley to be placed, e.g., to 16fr to place 12fr cath-
eter. If suspect a larger diameter is needed due to 
debris or blood in urine, may dilate further [ 3 ].

    1.    In an attempt at brevity, presume that the 
patient has been prepped using  sterile tech-
nique.   The difference with this procedure is 
that we will usually drape the patient with 
sterile towels to form a large sterile fi eld; this 
necessitates the usual OR pack of blue towels 
that can be obtained from the urology cart or 
sterile processing. A large prepacked sterile 
drape is also available on the cart.   

   2.    Once draped, we will then administer a Uro- 
jet per the urethra and await adequate analge-
sia (at least 20–30 s). A fairly good amount of 
KY jelly should be available on the fi eld for 
lubricating dilators/catheters.   

   3.    In an effort to minimize urethral trauma at the 
bedside, we will sometimes obtain a 12fr all- 
silicone Foley, which can bypass a stricture 
without too much diffi culty [ 3 ]. Make sure 
 adequate   lubrication is applied prior to 
attempting to pass. A signifi cant amount of 
pressure will generally be required to advance 
the Foley.  Urologic   expertise is of course 
recommended.   

   4.    If the 12fr Foley will not advance and the feel 
of the urethra indicates a stricture (and not a 
false passage), we will obtain a set of fi liforms 
and followers, a fl exible cystoscope, or a guide 
wire and angiocath needle.    These techniques 
will be broken down further as noted below.

    (a)    Dilation of urethral stricture using fi li-
forms and followers (Fig.  31.4 ).  Filiforms   
are very small, stiff composite catheters 
that measure from < 1 mm to 2 mm thick 
and usually have a curved tip. They come 
in various lengths and have a  small 
  threaded bolt on the tip that a follower 
(sized from 6fr all the way to 24fr), woven 
of the same material but sometimes 
strengthened with braided steel covered in 
composite, and can be threaded into and 
be inserted behind the fi liform to dilate 
the stricture. Proper technique heavily 
relies on a good tactile sense of one’s 
position in the urethra and whether the 
fi liform/follower has exited the urethra. 
They allow blind navigation of the true 
urethral lumen and access to the bladder.

•     After applying lubrication to the fi liform, the 
fi liform is inserted gently, and attempts are 
made to maneuver the tip through the strictured 
area and beyond, into the bladder. One can tell 
if the fi liform has successfully passed into the 
bladder if it does not extrude itself once passed 
all the way up to the bolt on the end.  

•   Once the fi liform is felt to be secure within the 
bladder, successive followers are attached 
beginning often with 8fr then allowing for the 
density of the stricture; dilation may proceed 
up to 24fr in size. Usually, dilation of two 
sizes  above   the planned size of the Foley to be 
inserted is required (i.e., dilate to 20fr if an 
18fr Foley is planned to be inserted).  

  Fig. 31.4     Filiform with followers         
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•   As successive  followers   are passed, there are 
eyelets in the end of each follower that allow 
in most cases for urine to drain from the end of 
the follower confi rming as one dilates; they 
are indeed still in the bladder.  

•   Once adequate dilation has been accom-
plished, the fi liform and follower are both 
removed. An all-silicone Foley is then uti-
lized  because   of its stiffness and likelihood of 
passing; generally 2–3 sizes less than the size 
of the last follower used are appropriate. If 
there is concern for a false passage, the fol-
lower is removed only, and a Le Forte 
stylet/ Council   catheter guide is obtained 
(Fig.  31.5 ), which can be threaded onto the 
fi liform. One can place a Council-tip Foley, a 
special catheter with a hole manufactured in 
the very tip (Fig.  31.6 ), over the stylet in a ret-
rograde fashion. Once the catheter is fully 
loaded on the stylet, the stylet can then in turn 
be threaded into the indwelling fi liform and 
the Council Foley slid over both devices and 
into the bladder.
           (b)    If the urethral stricture is unable to be 

bypassed by a fi liform, an alternative 
could be to obtain a fl exible guide wire or 
“glide wire.” This is often a fl exible, 
composite/nylon guide wire, which is 
hydrophilic, 0.89 mm in diameter, and 
usually 150 cm long that due to its flex-
ibility, in some cases, can be navigated 
blindly beyond a tight urethral stric-
ture. The technique discussed here is 
called the “Blitz” technique (Fig.  31.7 ). 

It  involves   blindly passing the glide wire 
to the bladder then advancing a small 
diameter Foley (12fr all silicone) over the 
wire after back-loading it onto the wire [ 4 ]. 
This technique is used generally in male 
patients with either false passage and/or 
urethral stricture disease, but other appli-
cations may be feasible [ 5 ].

•     Provided the patient has been prepped and 
draped appropriately, a 0.89 mm glide wire is 
moistened and inserted with the fl exible tip 
fi rst. The wire is manipulated until it easily 
passes beyond the area of stricture. We advo-
cate advancing the wire until most of it is 
curled in the bladder and only about 30–40 cm 
remain outside the urethra. This  will   make 
certain of placement as the wire will curl back 
on  itself   and the tip exit the penis if not in the 
bladder. It will also make it less likely that the 
wire will be dislodged while attempting Foley 
placement.  

•   Then obtain an 18 gauge angiocath and 12fr 
all-silicone Foley. After piercing the tip of the 
Foley with the angiocath, retract the needle 
and leave the sheath intact. Backload the wire 
into the Foley and then remove the sheath. 
   Manipulate the wire so that it pulls back into 
the tube and out of the eyelet. Once the Foley 
is properly loaded, advance  the   Foley with 
ample lubrication over the wire and into the 
bladder. It can act as a soft dilator due to 
the stiffness and shape of the Foley. Once the 
Foley is pushed to the hub and urine is con-
fi rmed draining from the tip, the wire can be 

  Fig. 31.5    Catheter stylet with threaded tip         Fig. 31.6     Council-tip Foley catheter         
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removed from inside the Foley. Then all that 
remains is to infl ate the balloon and place the 
Foley to drainage.      
   (c)    Lastly, the standard of care for diffi cult 

Foley catheterizations in general, not just 
for urethral strictures, is fl exible cystos-
copy (Fig.  31.8 ).    This technique is gener-
ally reserved for persons trained in general 
urology. Cystoscopy provides direct visu-
alization of the problem and, in most 
cases, quick access to the bladder. 
However, it is more expensive, and setting 
up all of the needed equipment can be 
time consuming. It may be diffi cult to tell 
the difference between a bladder neck 
contracture (BNC) and a urethral stric-
ture, something cystoscopy can readily 
differentiate between. This is the gold 
standard when applied to urethral disrup-
tions from trauma, when blind catheter-
ization is not necessarily recommended.

•     In general, the same prep  applies   to patients 
undergoing cystoscopy as with dilation of ure-
thral strictures; a large sterile fi eld is impor-
tant as a place to set the cystoscope and 
assorted equipment is needed.  

•   The cystoscope tip is amply lubricated, and 
after the Uro-jet has taken effect, the scope is 

introduced into the urethra. Care must be 
taken to elevate the patient’s penis fi rmly 
while using the cystoscope; otherwise ade-
quate visualization may not be possible.  

•   Once the area of stricture has been visualized, a 
fl exible guide wire (preferably a stiff guide wire 
with a fl exible tip) can be advanced through the 
scope beyond the area of stricture, with the fl ex-
ible tip foremost. If the wire advances without 
much resistance, continue advancing the wire 
until most of it is coiled in the bladder and only 
about 30–40 cm remains outside the urethra. 
This will make it easier to work with dilators. 

  Fig. 31.7    Blitz technique       

  Fig. 31.8     Olympus fl exible cystoscope         
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Then remove the  cystoscope   over the wire while 
preventing the wire from being removed (push-
pull or “Seldinger”  technique  ).  

•   Once the scope has been removed, obtain a set 
of Cook or similar dilators. These are stiff, 
plastic/composite, hollow, cone-tip dilators 
that  fi t   over a wire and are sized from 6fr to 
30fr. After ample lubrication, the dilators can 
be used successively to dilate the stricture. 
The goal is of course to dilate the minimal 
amount to allow the smallest catheter to pass. 
In general, most strictures are dilated to 18 or 
20fr to allow regularly sized catheters to pass.  

•   Once the last dilator has been utilized, a 
Council- tip Foley is obtained; usually the 16 
or 18fr size is selected for its likelihood of 
passing. After applying ample lubrication, the 
catheter is inserted over the wire and into the 
bladder. Often, at the narrowest point in the 
urethra (where the stricture was dilated) or at 
the bladder neck, the catheter will meet sig-
nifi cant resistance. This is where having a sec-
ond set of hands to help pull back on the wire 
to keep it tense while the Foley is advanced 
comes in handy. The catheter will usually 
pass. If not, the wire may have to be  removed   
and loaded back into the cystoscope, and the 
urethra visually inspected. This can determine 
if a false passage has developed or if the stric-
ture was adequately dilated. In some cases, a 
BNC is discovered, which can be notoriously 
diffi cult to dilate adequately to allow for Foley 
placement. Another  advantage   of cystoscopy 
is that if a BNC is noted, one may dilate this a 
little more than a typical stricture (up to 24fr) 
to facilitate passage of the catheter.  

•   If, despite multiple attempts, a  Foley   cannot 
be placed, the next step may be a suprapubic 
tube [ 4 ].       

31.2.3            Bladder Neck Contractures   

 These are usually detected either by careful 
placement of a Foley with some urine noted 
draining from the catheter, but the catheter could 
not  be   advanced into the bladder or by cystos-
copy. This is a male problem, and most if not all 
patients with this issue have had some type of 

procedure or treatment of their prostate. The most 
common treatments associated with this problem 
are transurethral resection of the prostate (TURP), 
radical prostatectomy, and brachytherapy (radio-
active seed implantation into the prostate). They 
can be very resilient and diffi cult to dilate large 
enough to place a Foley. This is a procedure that 
should only be attempted by a provider trained in 
urologic procedures. Presume that fi liforms and 
followers can be used just as effectively as cys-
toscopy with dilation of the contracture over a 
wire. Having previously outlined the use of cys-
toscopy and dilators to open a urethral stricture as 
discussed above in section (c), we will refer to 
this section for guidance as the methodology 
would be essentially no different here in the treat-
ment of BNCs [ 6 ].  

31.2.4      Meatal Stenosis   

 This is an often  perplexing   problem that is nearly 
as common as urethral stricture disease, although 
the actual incidence is unknown. The solutions to 
dilating the stenosis and passing a Foley are rela-
tively simple, but require the services of a trained 
provider.

    1.    Standard prep and drape.   
   2.    Small mosquito clamp or pair of hemostats 

can be inserted into the meatus after local 
analgesia (Uro-jet) and gently opened to dilate 
the stenosis.   

   3.    A more subtle approach may be to utilize Van 
Buren sounds (Fig.  31.9 ), dilating progres-
sively from the largest size that will fi t in the 
meatus until adequate dilation allows for 
Foley placement [ 2 ].

       4.    Often, after the Foley has been placed, patient 
will require an elective procedure called a mea-
totomy and/or meatoplasty, in order to extract 
the scar tissue contributing to the stenosis.    

31.2.5        Suprapubic Cystostomy   

 This procedure is  not   routinely performed in the 
ICU setting due to the profi ciency of catheter 
placement associated with advanced technology 
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and training, as well as the ease by which supra-
pubic tubes can be placed under US guidance 
with fl uoroscopy by the Interventional Radiology 
department. Urologists typically perform this 
procedure in the OR under a more controlled 
environment with available fl uoroscopy.   

31.3     Clot Evacuation 
Due to Hematuria 

 Gross hematuria with clot  retention   is a vexing 
problem that can require a patient to go to the 
operating room in order to  correct  . Several mea-
sures can be done at the bedside in order to hope-
fully prevent this, though not always. There are 
multiple possible underlying reasons for a 
patient to have gross hematuria, and sometimes 
until the cause is isolated and addressed, some of 
the measures we recommend can be merely 
“putting a Band-Aid” on the problem. However, 
these can be effective measures that, if intro-
duced early, can help prevent unnecessary trips 
to the operating room. 

31.3.1     Foley Selection 

 The  minimum   size to be placed in a patient with 
hematuria and clots is a 22fr three-way Foley, 
readily available in most ICU settings, the OR, 
and urology fl oor, as well as on the urology cart in 
medical equipment. Ideally, a 24fr three-way is 

selected and placed (several types of this Foley 
exist, but some are more often utilized by trained 
urology professionals), which, although uncom-
fortable, allows for the greatest chance of ade-
quately draining the bladder while evacuating 
clots. Three-way Foleys less than 22fr in size have 
no useful application in the setting of hematuria 
with clots; if one is encountered having been 
placed by the ER or another facility, promptly 
remove this Foley and replace with a 22 or 24fr 
three-way (if ongoing hematuria/clots noted).  

31.3.2     Clot Evacuation 

 Three ports are included on three-way Foleys, 
one for the balloon (which should be infl ated to 
30 ml with sterile water), one for continuous 
 bladder   irrigation (CBI), and the main port for 
drainage of urine. To evacuate clots from the 
bladder effectively (presuming a 22 or 24fr Foley 
in place), one must plug the irrigation/CBI port 
with a Foley hole plug or clamp the tubing con-
nected to the CBI. A Toomey syringe (Fig.  31.10 ) 
is most effective in irrigating/evacuating clots at 
the bedside. It is helpful to test the bladder for 
clot  retention   by fi rst attempting to withdraw 
from the main port to evacuate clots/excess urine. 
Then, one must introduce a minimum of 60 ml 
sterile saline/water and up to 180 ml to 
 successfully hand irrigate the bladder of clots. 
This can be continued until the urine is clear or at 
least until no further clots are evacuated.

  Fig. 31.9     Van Buren sounds           Fig. 31.10     Toomey syringe         
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31.3.3        Continuous Bladder  Irrigation   

 Initiated when as many clots have been evacu-
ated from the bladder as possible and when 
gross hematuria is persistent. This can help with 
 hemorrhagic   cystitis, prostatic bleeding, or 
when there has  been   an injury from a Foley 
catheter. To reiterate,  CBI should not be 
attempted when there are a large amount of 
known persistent clots within the bladder or 
when the catheter is less than 22fr in size . This 
 can   lead to bladder rupture.   

31.4     Reduction of Paraphimosis 

 This is a common  problem   experienced in the 
ICU when for whatever reason, the foreskin is 
retracted (pulled back toward the body) to facil-
itate hygiene or place a Foley catheter and then 
left in a retracted position. The glans may begin 
to swell and the foreskin contract, forming a ste-
notic ring of tissue that can become necrotic and 
constrict the glans, causing further swelling and 
ischemia. This can only happen in uncircum-
cised males and is often mistaken for penile 
edema. Exacerbating factors can be anasarca/
third spacing of fl uid or pelvic fractures/injury 
resulting in pelvic hematoma/bleeding into 
genitals. 

31.4.1     Technique 

 Firm pressure is exerted  on   the foreskin and glans 
penis, with an effort to massage the edema/fl uid 
back from the distal shaft and into the pelvis. 
This may take quite a while, and you may need to 
apply pressure in multiple areas of the foreskin/
glans to effectively reduce the edema. Then you 
may observe where the constrictive ring of tissue 
is in regard to where the glans penis is and begin 

to apply pressure to the glans directly inward 
while stretching out the penis and holding the 
foreskin by at least two opposite sides. This may 
take a trained professional to perform, but can 
easily be learned by performing several diffi cult 
reductions.  

31.4.2     Follow-Up 

 Once the glans is seen to “pop” back  down   below 
the constricted ring of foreskin, the foreskin 
should be left reduced or pulled away from the 
body to allow for healing/swelling to resolve. In 
most cases there is minor bleeding from the 
trauma of the procedure. Consider pre-procedural 
narcotics or sedation if the patient is very 
uncomfortable. 

 Herein, this concludes our  discussion   cover-
ing common urologic procedures performed in 
the ICU setting.  References   are cited below.      
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32.1          Introduction 

 Paracentesis is a relatively simple procedure where 
a needle is inserted into the peritoneal cavity to 
obtain ascitic fl uid [ 1 ]. Traditionally paracentesis 
are divided into diagnostic and therapeutic proce-
dures. Diagnostic paracentesis refers to removal of 
a small amount of fl uid for testing purposes. 
Therapeutic paracentesis refers to the removal of 
large volumes of fl uid for relief of symptoms [ 2 ].  

32.2      Indications   

 Paracentesis should be performed on all patients 
with new onset ascites [ 2 ]. This includes differ-
entiating between exudative and transudative 

ascites. Any patient with suspected spontaneous 
bacterial peritonitis ( SBP  )    should also undergo 
paracentesis. Finally any patient with end-stage 
liver disease and ascites who is hospitalized 
should undergo diagnostic paracentesis to rule 
out occult SBP [ 3 ] (Table  32.1 ).

   Therapeutic paracentesis is indicated for 
symptomatic tense ascites and to relieve associ-
ated dyspnea or abdominal pain.  

32.3      Contraindications   

 The only absolute contraindication is an acute 
abdomen requiring surgery. Paracentesis should 
also be avoided in patients with active dissemi-
nated intravascular coagulation. Care should 
be taken in pregnant patients and patients with 
bowel distension, intra-abdominal adhesions, 
and distended bladder. The provider should 
avoid sites with skin infection, enlarged surface 
vessels, surgical scars, or hematomas. 
Recannulated umbilical veins and varices should 
also be avoided. 

 Many of the patients undergoing paracentesis 
will have signifi cant abnormalities of coagula-
tion or thrombocytopenia due to their underlying 
liver disease. However, despite the seeming risks 
of coagulopathy or thrombocytopenia, routine 
administration of fresh frozen plasma or platelets 
is not needed [ 4 ,  5 ]. This delays the procedure 
and exposes the patient to transfusion risk.  
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32.4      Preparation   

 Prior to the procedure, explain the procedure to 
the patient and obtained informed consent. Risks 
for paracentesis are listed below: 

 In addition the provider should gather neces-
sary equipment and prepare any laboratory 
paperwork. The supplies will depend on whether 
the paracentesis is a diagnostic or therapeutic 
paracentesis (Tables  32.2 ,  32.3  and  32.4 ).

     For a therapeutic paracentesis, there are a 
number or prepackaged kits containing the 
majority of supplies. In addition for those  who   
desire a needle over catheter approach, a thora-
centesis kit can be used (see Fig.  32.1 ).

32.4.1        Needle Selection   

 In general for a therapeutic paracentesis, there 
are two choices of needles. Traditionally, a 
Caldwell needle (see Fig.  32.2 ) with metal can-
nula has been used. Other providers prefer a 
large-bore catheter over needle device (see 
Fig.  32.3 ). While catheter shear has been men-
tioned as a possible complication of the catheter 
over needle device, in the author’s experience, 
this is not the case with experienced operators.

32.4.2         Patient  Position   

 The patient is usually supine or with the head 
slightly elevated. The patient is usually posi-
tioned with the needle site slightly dependent to 
help with fl uid accumulation.  

32.4.3     Selecting Needle Entry  Site   

 Traditionally the left or right lower quadrant is 
the preferred site for paracentesis. The site used 
is 2 fi nger widths medial and cephalad to the 

anterior iliac spine. In addition a midline 
approach 2 cm below the umbilicus is generally 
devoid of vessels. However, with increasingly 
obese patients, this site has become more diffi cult 
to use. 

 Typically shifting dullness (percussing for 
resonance and moving laterally until dullness is 
percussed) has been used to identify areas of 
fl uid for paracentesis [ 6 ]. However, with the 
ubiquity of ultrasound, there is little reason not 

   Table 32.1     Indications of   SBP   

 Fever 

 Abdominal pain 

 Worsening encephalopathy 

 Leukocytosis 

 Shock 

   Table 32.2    Risk for  paracentesis     

 Bleeding 

 Infection 

 Injury to intra-abdominal organs 

 Post-procedural hypotension 

   Table 32.3    Supplies for a  diagnostic   paracentesis   

 20 cc syringe 

 10 cc syringe 

 Chlorhexidine prep 

 1.5 inch 22 gauge needle x 2 

 1 % lidocaine 

 Sterile gloves 

 Surgical cap 

 Surgical mask 

 Alcohol prep 

 Sterile towel or small drape 

 Specimen bottle 

   Table 32.4    Supplies for  therapeutic   paracentesis   

 60 cc syringe 

 10 cc syringe x 2 

 TB syringe or 27 gauge 1 inch needle 

 1.5 inch 22 gauge needle x 2 

 1 % lidocaine 

 Sterile gloves 

 Surgical cap 

 Surgical mask 

 Alcohol prep 

 Sterile towel or small drape 

 Specimen bottle 

 1 L vacuum bottle or suction drainage bottle 

 #11 disposable scalpel 

 Chlorhexidine prep 

 Paracentesis needle 

 Sterile 4 × 4 gauze sponge 

 Suction tubing 

 Luer lock adapter 
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to use this modality when selecting the site. 
Generally a phased array probe is used to fi nd an 
area of adequate fl uid at a suffi cient distance 
from the bowel. The use of ultrasound also helps 
avoid other anatomic structures such as the uri-
nary bladder. In addition measurements can be 
taken to show depth needed to obtain ascetic 

fl uid. Finally, a linear probe can be used to exam-
ine the surface anatomy to avoid unanticipated 
vasculature. As mentioned above, avoid sites 
with hematomas, skin infections, obvious vascu-
lature, or surgical scars. Once an  appropriate   site 
is found, the site is marked with surgical marker 
(see Figs.  32.4  and  32.5 ).

  Fig. 32.1    Example  of   paracentesis kit       

  Fig 32.2     Caldwell   needle       
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32.4.4         Preparing the  Site   

 Using non-sterile gloves, the area is prepared 
with chlorhexidine. The prep is administered in a 
circular manner starting at the site and proceed-
ing outward (see Fig.  32.6 ).

   After preparing the site, place the sterile drape 
over the area with the site exposed (see Fig.  32.7 ). 

As an alternative to a sterile drape, sterile towels 
can be used.

32.4.5        Anesthetizing the  Site   

 Using 1 % lidocaine, local anesthesia is 
injected into the site. Using a small gauge 

  Fig. 32.3    Gauge needle  with   8 French catheter       

  Fig. 32.4    Site  marked   with surgical marker       
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(TB or 25 gauge) needle, a small skin weal is 
created (see Fig  32.8 ).

   Alternatively a 22 gauge needle can be used 
for both the skin wheal and deeper injection. After 
forming the skin wheal, the needle is advanced 
1/2 cm at a time aspirating and injecting 1 cc of 
lidocaine each time until ascites is aspirated (see 
Fig.  32.9 ). The remaining lidocaine  should   then 
be injected to anesthetize the peritoneum.

32.5         Diagnostic  Paracentesis   

 For a diagnostic paracentesis, a fresh 20 cc 
syringe is advanced along the same track as the 
anesthetic needle until ascites is aspirated. 
Generally 20 ccs of ascites is suffi cient for tests 
needed for a diagnostic paracentesis. In obese 
patients, a 1.5 cm needle may not be suffi cient to 
reach the ascites. In this case, a 2.5 inch 22 gauge 

  Fig. 32.5    Ultrasound  showing   abdominal wall, ascetic fl uid, and bowel       

  Fig. 32.6    Using  chlorhexidine   
prep on the site in a circular 
motion       
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  Fig. 32.7    Applying the  drape   
with site exposed       

  Fig. 32.8    Using a small gauge needle, a skin wheal is created at  the   site       
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needle such as those used for lumbar puncture 
may be needed. For small fl uid collections, 
direct visualization of the needle with ultrasound 
may add an extra measure of safety. Our center 
generally sends fl uid for cytology on an initial 
diagnostic paracentesis. If cytology is done, 
most laboratories require at least 100 ccs of asci-
tes for a total of 120 ccs of ascites on an initial 
diagnostic paracentesis.  

32.6     Therapeutic  Paracentesis   

 For a therapeutic paracentesis, once the area has 
been anesthetized, a small skin nick is made with a 
#11 blade to facilitate catheter entry (see Fig.  32.10 ).

   The catheter is then advanced into the tissue 
at 90° to the skin until ascitic fl uid is obtained 
(see Fig.  32.11 ).

   Once ascites is aspirated, holding the needle 
in place, the catheter is advanced into the perito-
neum (see Fig.  32.12 ).

   Once the catheter  is   advanced, a 20 cc or 60 cc 
syringe is attached to the catheter, and ascites is 
obtained for testing (see Fig.  32.13 ). Using a 
Caldwell needle, a separate three-way valve is 
attached to the needle.

    Suction tubing is then   connected to the cathe-
ter running either to a vacuum bottle or suction 
catheter (see Fig.  32.14 ).

   For a large-volume paracentesis, removal 
should continue until 5 L is reached or fl ow stops 
(see Fig.  32.15 ). Larger-volume paracentesis can 
be done to decrease frequency of paracentesis but 
increase the risk of periprocedural hypertension. 
As the pocket collapses, bowel or omentum may 
occlude the catheter. Resumption of fl ow can be 
achieved by shifting the position of the patient or 
having an assistant gently press on the contralat-
eral side. The catheter can be redirected by stop-
ping suction with the three-way valve attached to 
the catheter. The catheter can be pulled back 
slightly and redirected to obtain more fl uid.

   Once the desired fl uid had been removed, the 
catheter is withdrawn and pressure applied to the 
site. For diagnostic paracentesis, a bandage will 
usually suffi ce as a dressing. For therapeutic 
paracentesis, a pressure dressing is sometimes 
required. The patient should lie fl at for 2 h. 
Having the patient lie with the paracentesis site 
up may reduce leakage from the site. Persistent 
leakage may be treated with a purse string suture. 
Dermabond can also be used on paracentesis 
sites with good effect. 

  Fig. 32.9    A 22 gauge  needle   is then advanced aspirating and injecting lidocaine at ½ cm intervals       
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32.6.1     Administration of Albumin 
After Large-Volume 
Paracentesis 

 For paracentesis less than 5 L, albumin is gener-
ally not required.    When more fl uid is removed, 
8–10 g/L of 25 % albumin is recommended to 
prevent hepatorenal syndrome [ 7 – 9 ].   

32.7     Analysis of Peritoneal Fluid 

 Handling of peritoneal fl uid is  institution   depen-
dent. Generally a tube without additive should 
be sent for albumin measurement. Some institu-
tions may use an EDTA-treated tube for cell 
count and differential. Institutions may also use 
aerobic and anaerobic bottles for culture, while 

  Fig. 32.10    Using a #11  blade   to make a small skin nick       

  Fig. 32.11    Catheter  is   advanced until ascites is aspirated       
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  Fig. 32.12    With needle held  in   place, catheter is advanced into the peritoneum       

  Fig. 32.13     Ascites is   
obtained for testing       
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  Fig. 32.14    Catheter is attached  to   suction tubing       

  Fig. 32.15    Ascites  fl owing   
into a suction canister       
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others may reserve these for blood cultures due 
to automated testing. Close coordination with 
the clinical laboratory will help ensure ascites 
testing is in the proper medium. 

 When checking for spontaneous bacterial 
peritonitis, an absolute neutrophil count of 250 
cells/μL is considered diagnostic [ 10 ]. Whether a 
cell count should be sent on all repeat outpatient 
paracentesis is debateable, but the authors gener-
ally believe that its use for the detection of occult 
SBP is helpful. At the very least, cell count should 
be sent on any hospitalized patient [ 2 ]. 

 Other common tests include albumin, total 
protein, culture, glucose, lactase dehydroge-
nase, and amylase. Uncommon tests include 
acid fast bacteria, cytology, triglyceride, and 
bilirubin. 

32.7.1      Serum-Ascites Albumin 
Gradient   

 Subtracting the ascites albumin level from a con-
current serum albumin level will give a serum- 
ascites albumin gradient. A gradient ≥ 1.1 g/dL 
is indicative of portal hypertension. A value of 
less than 1.1 g/dL indicates other causes [ 11 ] 
(Table  32.5 ).

32.8         Complications 

  Complications are rare   and generally self- 
limiting. However, given the decompensated 
nature of the patient population, some compli-
cations can be devastating [ 12 ]. The most com-
mon complication is persistent leak from the 
puncture site. As mentioned above, having the 

patient lay on the contralateral side may help. If 
the leak is persistent, placement of an ostomy 
bag will help determine the amount of the leak. 
Gauze dressings generally soak through and 
may lead to skin breakdown. For large persis-
tent leaks, a purse string or fi gure of eight suture 
may help halt the leak. A repeat large-volume 
paracentesis may help relieve the pressure and 
resolve the leak. 

 Another relatively rare complication of large- 
volume paracentesis is post-procedural hypoten-
sion. This usually responds to fl uid bolus of 
either albumin or crystalloid. Hepatorenal syn-
drome is another complication of large-volume 
paracentesis [ 7 ,  9 ]. While administration of 
25 % albumin may help alleviate the risk, it does 
not completely reduce it. 

 Other rare complications include abdominal 
wall or retroperitoneal hematoma, perforation of 
the bowel or bladder, or laceration of a major 
blood vessel. While the overall rate of these is 
unknown, studies suggest the rate  is   under 1 %.  

32.9     Conclusion 

 Paracentesis is a common ICU procedure, espe-
cially with those dealing with advanced liver dis-
ease. The procedure is generally safe and 
effective in both relieving symptoms and diag-
nosing infection. Knowledge of the anatomy, 
adherence to procedures, and understanding con-
traindications will help avoid complications.     
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33.1           History/Introduction 

 Diagnostic peritoneal lavage ( DPL  ) was fi rst 
described in 1965 by Root et al., as a  diagnostic 
evaluation method   for  hemoperitoneum   or bowel 
injury in patients who have experienced  blunt   or 
 penetrating abdominal trauma   [ 1 ]. Prior to this, 
physical examination was the only tool trauma sur-
geons had to evaluate for intra-abdominal injuries, 
subsequently determining the need for exploratory 
laparotomy. Since then other methods of evalua-
tion have served as an adjunct to the primary sur-
vey including  computed tomography (CT) and   
focused assessment with sonography for trauma 
( FAST  )   . Over the last two decades, the FAST exam 
has become fi rst line in diagnosing hemoperito-
neum in the hemodynamically unstable patient 
with blunt or penetrating trauma because it is non-
invasive and quick and can be done while resusci-
tation continues [ 2 ]. Due to the rapidly progressing 
use of FAST and CT, DPL is no longer considered 
the primary modality for diagnosing blood in the 
abdominal cavity. DPL is now limited to patients 
who are hemodynamically unstable where the 
FAST exam was negative or indeterminate [ 3 ]. 

 Most recently, the American College of 
Surgeons has adopted FAST into the  Advanced 
Trauma Life Support (ATLS) protocol  . DPL has 
been removed as the fi rst-line diagnostic tool for 
intra-abdominal hemorrhage, and it has been 
listed as an optional skill set [ 4 ]. Even in the light 
of that change, DPL still remains valuable for 
patients who are hemodynamically stable  where   
the FAST exam is negative or indeterminate [ 3 ]. 
FAST has a sensitivity and specifi city of 80–85 % 
and 97–99 %, respectively [ 2 ]. DPL carries a 
similar sensitivity of 82–96 % and specifi city of 
87–99 % [ 3 ]. Furthermore, some studies suggest 
that the FAST exam has led to fewer nonthera-
peutic exploratory laparotomies as compared to 
DPL, 13 % and 36 %, respectively [ 3 ,  5 ]. 

 Consistent with its acronym, FAST can be per-
formed more quickly than DPL. One study found 
mean performance time for FAST to be 
2.53 ± 0.52 min, whereas the mean time taken to 
perform DPL was 12.19 ± 2.49 min [ 2 ]. It must be 
noted that the DPL procedure  i  n this study was 
performed as open technique which is considered 
a slower procedure as compared to the closed 
technique [ 6 ]. However, a separate meta-analysis 
study compared procedure times of open versus 
closed techniques and documented the mean pro-
cedure time for the closed technique to be 
17.8 min and open technique 26.8 min. This same 
study showed no signifi cant difference in major 
complications between open and closed technique 
but suggested a signifi cant difference in minor 
complications with open technique having more 
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minor complications. Furthermore, this study 
found a fourfold higher risk of technical diffi cul-
ties and failures with the closed procedure [ 7 ]. 

 In patients who are hemodynamically stable, 
CT should be the fi rst-line diagnostic tool [ 6 ]. 
Where CT is not available, FAST or  DPL   should 
be considered [ 4 ]. Some trauma centers do not 
have CT scanning capabilities within their units; 
therefore, patients must be transported to the 
scanner which can delay treatment. However, 
since CT scans have become helical, the time 
needed for an adequate study has been greatly 
reduced. CT has a sensitivity of 92–97 % and a 
specifi city of 98 % [ 6 ] when evaluating for 
 hemoperitoneum  . Comparing DPL to CT, DPL is 
invasive, quick, cheap, and accurate for diagnos-
ing intra-abdominal bleeding or enteric injury 
[ 8 ]. DPL fails to diagnose injuries to the dia-
phragm and cannot rule out retroperitoneal 
injury. CT is noninvasive, time consuming, 
expensive, and accurate. CT can accurately diag-
nose injuries to solid organs and can identify 
intra-abdominal or retroperitoneal bleeding. 
However, its sensitivity and specifi city for diag-
nosing enteric injury are inferior to DPL [ 9 ]. 

 In summary, both FAST and CT have two key 
advantages: they are noninvasive and they pro-
vide additional anatomic information. DPL will 
identify blood in the abdomen, but cannot iden-
tify the location; thus, injuries such as splenic 
laceration, liver laceration, and pelvic bleeding 
that are often treated nonoperatively with embo-
lization or observation will lead to laparotomy 
under most DPL algorithms.  

33.2     Indications 

 DPL is primarily indicated  for   hemodynamically 
unstable patients following blunt or  penetrating 
  trauma [ 10 ], when ultrasound is not readily 
available. Blunt trauma refers to physical injury 
to a particular anatomical region by way of 
impact, injury, or physical attack. Common 
mechanisms of injury include motor vehicle 
accidents, pedestrian hit by car, interpersonal 
violence or abuse, and contusions from fall. 
Penetrating trauma refers to an injury where an 

object penetrates the skin and enters the body. 
Common mechanisms of injury include gunshot 
and stab wounds [ 11 ,  12 ]. 

 Indications for a  supraumbilical approach 
include   patients with pelvic fractures, patients 
with previous lower midline surgeries as evi-
denced by scarring, and patients who are pregnant. 
All other patients should receive an  infraumbilical 
approach   [ 4 ,  6 ]. Indications for open technique 
include pregnancy, midline scarring, and pelvic 
fracture. The standard pediatric and adult patient 
can undergo the closed technique.  

33.3      Contraindications   

 The only absolute contraindication to DPL is an 
obvious need for laparotomy [ 4 ]. Otherwise, rela-
tive contraindications can include coagulopathy, 
prior abdominal surgeries, abdominal wall infec-
tions, pregnancy, and morbid obesity. Other relative 
contraindications can include hemodynamically 
stable patients, access to ultrasound equipment, and 
lack of training of the medical provider (Table  33.1 ).

33.4        Procedure 

 DPL can be done in two different ways: open or 
closed. The most common technique is closed 
with modifi ed  Seldinger    technique  . The standard 
pediatric and adult patient can undergo the closed 
technique. Some indications for the open tech-
nique include pregnancy, midline scarring, and 
pelvic fracture. The anatomical location is deter-
mined based on the presentation and comorbidi-
ties of the patient. The two anatomical locations 
are infraumbilical and supraumbilical. The infra-
umbilical location is preferred in the majority of 
patients. If the patient has a suspected pelvic 
fracture, is pregnant, or has a history of lower 
abdominal surgeries as evidenced by scaring, the 
procedure should be conducted in the supraum-
bilical location. 

 Customarily, DPL is performed in two phases 
[ 4 ]. The fi rst phase involves inserting a catheter 
into the peritoneum through a small incision 
either above the umbilicus or below depending 
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on the comorbidities of the patient. The catheter 
is then connected to a syringe. Recovery of 
10 cc of blood or enteric contents constitutes a 
positive fi nding and the procedure is terminated 
[ 4 ,  10 ]. If blood or enteric contents cannot be 
aspirated, the second phase of the procedure 
begins. The catheter remains in the peritoneal 
space and intravenous tubing is connected. Next 
1 L of warmed balanced salt solution is intro-
duced into the peritoneum [ 10 ]. The bag is low-
ered and gravity removes the fl uid from the 
abdomen. The fl uid is then sent for analysis to 
determine a positive or negative fi nding. 

33.4.1      Closed Technique   

     1.    Place patient in supine position.   
   2.    Place NG tube to decompress stomach and to 

prevent injury to the stomach.   
   3.    Place Foley catheter to decompress bladder 

and to prevent injury to the bladder.   

   4.    If the provider is right handed, stand on 
patient’s left side so that your dominant hand 
faces the patients head.   

   5.    Prep and drape your patient based on the 
institution protocol which could include full 
body drape.   

   6.    Draw up and inject local anesthetic 1 % lido-
caine with epinephrine to minimize bleeding 
at the skin which could cause a false-positive.   

   7.    Next,  insert   the DPL needle and angiocathe-
ter at a 45° angle toward the pelvis.
    a.    Infraumbilical: Insert the needle just below 

the umbilicus.   
   b.    Supraumbilical: Insert the needle just above 

the umbilicus.   
   c.    Note: The bifurcation of the aorta lies 

directly below the umbilicus; to ensure you 
do not damage the aorta, please angle your 
needle at a 45° angle toward the pelvis.    

      8.    Resistance will be encountered as the needle 
traverses the fascia and once again as it pen-
etrates the peritoneum.   

   Table 33.1    Comparing DPL,  FAST     , and CT when looking at indications, contraindications, advantages, and 
disadvantages   

 DPL  FAST  CT 

 Indications  • Hemodynamically unstable 
 • Blunt or penetrating trauma 
 • No access to US or CT 

scan 

 • Hemodynamically unstable 
 • Blunt or penetrating trauma 

 • Hemodynamically stable 
 • Blunt or penetrating 

trauma 

 Contraindications  • Obvious need for 
laparotomy 

 •  None       • Hemodynamically 
unstable patient 

 Advantages  • Inexpensive 
 • Detects hollow visceral or 

bowel injury 
 • Accurate 
 • Quick 
 • High sensitivity 
 • High specifi city 

 • Noninvasive 
 • Easily performed 
 • Can be performed 

concurrently with 
resuscitation 

 • Quickest 
 • Accurate 
 • High sensitivity 
 • High specifi city 
 • Some anatomic information 

 • Highly sensitive for 
determining presence of 
blood 

 • Accurate 
 • High sensitivity 
 • High specifi city 
 • Can detect clinically 
unsuspected injuries 
 • Can evaluate the 

retroperitoneal space 
 • Excellent anatomic 

information 

  Disadvantages       • Invasive 
 • Cannot identify 

retroperitoneal injury 
 • Small risk of injury to 

bowel/other abdominal 
structures 

 • Relies on free fl uid for 
diagnosis 

 • Limited detection of injuries 
not associated with 
hemoperitoneum, e.g., 
bowel injury 

 • Results may be variable with 
morbidly obese patients 

 • Expensive 
 • Requires transport 
 • Slower 
 • Can miss mesenteric or 

hollow visceral injury 
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   9.    Aspirate continuously as the needle enters the 
peritoneal cavity. If more than 10 cc of frank 
blood or bowel contents is aspirated, the pro-
cedure will end.
    a.    At this point, this is a positive DPL, and 

the patient must go to the operating room 
immediately for exploratory laparotomy.       

   10.    If 10 cc of frank blood or bowel contents is 
not aspirated, then remove the syringe and 
needle leaving the angiocatheter.   

   11.    Next, insert the guide wire through the 
angiocatheter.   

   12.    Remove angiocatheter.   
   13.    Use an 11 blade to make a small 2–3 mm 

vertical incision just along the guidewire 
toward the umbilicus. The  incision   should be 
through the skin and subcutaneous tissues.   

   14.    Place DPL catheter over guidewire and insert 
catheter into the abdomen.   

   15.    Remove guidewire.   
   16.    Connect IV tubing to catheter and instill 

900 cc of warm isotonic fl uid into abdominal 
cavity. If the patient is a pediatric patient, only 
instill 10 cc/kg of fl uid into the abdomen.
    a.    Note: Do not instill the total volume of 

the fl uid from the bag.   
   b.    Fluids should be isotonic crystalloid and 

should be warmed to prevent hypothermia.   
   c.    Do not introduce air into the system.       

   17.    Once 900 cc of fl uid has been instilled into 
the abdomen, take the fl uid bag and place it 
on the fl oor or below the level of the patient’s 
abdomen. Gravity allows for fl uid to drain 
back into the bag.
    a.    Note: Ideally, the entirety of the fl uid 

should return to the bag. At a minimum, 
75 % of the  fl uid   should come back.   

   b.    You must retrieve a minimum of 600 cc of 
fl uid to make fi ndings valid.          

33.4.2     Open Technique (Considered 
Surgical Procedure) 

     1.     Place   patient in supine position.   
   2.    Place NG tube to decompress stomach and to 

prevent injury to the stomach.   

   3.    Place Foley catheter to decompress bladder 
and to prevent injury to the bladder.   

   4.    If the provider is right handed, stand on 
patient’s left side so that your dominant hand 
faces the patients head.   

   5.    Prep and drape your patient based on the 
institution protocol which could include full 
body drape.   

   6.    Draw up and inject local anesthetic 1 % lido-
caine with epinephrine to minimize bleeding 
at the skin which could cause a false-positive.   

   7.    Use 11 blade to make a small 2–3 cm vertical 
incision. The incision should be through the 
skin  and   subcutaneous tissues.
    a.    Infraumbilical: Incision should be made 

just below the umbilicus.   
   b.    Supraumbilical: Incision should be made 

just above the umbilicus.    
      8.    Spread subcutaneous fat bluntly with a 

hemostat or retractors until anterior abdomi-
nal fascia is visualized.   

   9.    When the abdominal fascia is visualized, 
place two stay 2.0 vicryl sutures on both 
sides of incision. Do not tie off. Drape the 
four ends of the sutures to the side.   

   10.    Next, make a 1–2 cm vertical incision into 
the fascia between the sutures.   

   11.    The pre-peritoneal fat is then spread open 
with hemostats and the peritoneum is grasped 
with the hemostats.   

   12.    The  peritoneum   is then grasped a second 
time and tented up.   

   13.    Next, make a 2–3 mm vertical incision in the 
peritoneum.   

   14.    Then insert the catheter inferiorly toward the 
pelvis.   

   15.    Attach the syringe and aspirate contents.   
   16.    If more than 10 cc of frank blood or bowel 

contents is aspirated, the procedure will end.
    a.    At this point, this is a positive DPL, and 

the patient must go to the operating room 
immediately for exploratory laparotomy.       

   17.    Next, if the aspirate is not positive, connect 
IV tubing to catheter and instill 900 cc of 
warm isotonic fl uid into abdominal cavity. If 
the patient is a pediatric patient, only instill 
10 cc/kg of fl uid into the abdomen.
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    a.    Note: Do not instill the total volume of 
the fl uid from the bag.   

   b.    Fluids should be isotonic crystalloid and 
should be warmed to prevent hypothermia.   

   c.    Do not introduce air into the system.       
   18.    Once 900 cc  of   fl uid has been instilled into 

the abdomen, take the fl uid bag and place it 
on the fl oor or below the level of the patient’s 
abdomen. Gravity allows for fl uid to drain 
back into the bag.
    a.    Note: Ideally, the entirety of the fl uid 

should return to the bag. At a minimum, 
75 % of the fl uid should come back.   

   b.    You must retrieve a minimum of 600 cc of 
fl uid to make fi ndings valid.    

      19.    Finally, if the initial fi ndings are inconclu-
sive, then tie together the fascia with your 
two stay sutures while awaiting analysis.       

33.5     Diagnostic Criteria 

 Positive fi ndings during a DPL will indicate 
 and   necessitate emergent exploratory laparot-
omy for the hemodynamically unstable patient. 
It is important to understand what criteria con-
stitute a positive fi nding. Traditionally, DPL is 
done in two phases. Therefore, positive fi nd-
ings can be separated into two phases. During 
phase 1, if >10 cc of frank blood or enteric con-
tents is aspirated, the procedure is terminated as 
the fi ndings are positive and the patient will 
need to go to the operating room [ 4 ]. One study 
suggested aspiration of at least 10 cc of blood 
had a positive predictive value of greater than 
90 % for intraperitoneal injury due to blunt 
trauma [ 13 ] (Table  33.2 ).

   During phase 2, fl uid instilled into the abdomen, 
and then drained, is sent to the lab for biochemical 
analysis. Much controversy has surrounded the 
interpretation of the fi ndings during this phase. 
Many have agreed on the positive criteria for blunt 
trauma but some have argued for the criteria in pen-
etrating trauma. One retrospective study determined 
that decreasing the red blood cell count (RBC) cri-
teria for operation from >100,000 RBC/mm 3  to 
>10,000 RBC/mm 3  signifi cantly  increased   the 
number of nontherapeutic procedures and did not 
decrease the number of missed injuries [ 14 ]. 

 A white blood cell count (WBC) of >500 
WBC/mm 3  can be determinate of a hollow viscus 
injury otherwise known as bowel injury. Let it be 
noted, the WBC can tend to lag by 3–6 h [ 13 ]. 
Some studies have also evaluated the effi cacy of 
measuring amylase and alkaline phosphatase lev-
els. One study determined these parameters to be 
useful when combined with a positive WBC 
count [ 14 ]. 

 Finally, the volume of lavage returned was 
directly proportional to the number of RBCs 
seen. Meaning, the RBC count increased with 
more fl uid recovery. To avoid a false negative, the 
provider should remove a minimum of 600 cc 
[ 13 ].  

33.6     Complications 

 DPL is an invasive  procedure   that carries some risk 
of complication and subsequent injury to the patient. 
Many studies show a low risk when the provider is 
a seasoned proceduralist and is familiar with the 
technique. One study suggested the risk of compli-
cation as low as 0.8–2.3 % [ 3 ]. However, signifi cant 

   Table 33.2     Biochemical   analysis:  positive   fi ndings   

 Procedure phase  Blunt trauma  Penetrating trauma 

 Phase 1  Frank blood  10 cc  10 cc 

 Frank enteric contents  10 cc  10 cc 

 Phase 2  RBC count  >100,000 RBC/mm 3   >100,000 RBC/mm 3  

 WBC count  >500 WBC/mm 3   >500 WBC/mm 3  

 Amylase  >20 IU/L  >20 IU/L 

 Alkaline phosphate  >3 IU/L  >3 IU/L 

 Enteric contents  +  + 
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Patient with suspected blunt or
penetrating trauma

Primary Survey
Fluid Resus/ATLS

Hemodynamically Stable

No

FAST Exam
Fluid Resusitation

Postitive FAST Exam

To OR for Exploratory Laparotomy

If no access to US/CT or
FAST exam is indeterminate or 

negative

Diagnositc Peritoneal Lavage

Yes

If you suspect internal bleeding or
bowel perforation:
Send to CT scan or

perform serial examinations and
maintain observation

  Fig. 33.1    Blunt and  penetrating      abdominal trauma decision tree       
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expertise and judgment is required in patients with 
prior abdominal surgery, pregnancy, or obesity, 
where the anatomy makes DPL more technically 
diffi cult and there is increased risk of damage to 
structures underlying the abdominal wall. 

 Some common complications include:

    1.    Catheter misplacement   
   2.    Local or systemic infection—wound infection   
   3.    Site hematoma   
   4.    Hemorrhage

    a.    Note: The bifurcation of the aorta is ana-
tomically posterior or below the umbili-
cus. To avoid hitting the aorta, make sure 
the needle enters at a 45° angle toward 
the pelvis.       

   5.    Bowel perforation   
   6.    Intra- abdominal   organ or retroperitoneal injury   
   7.    Damage to surrounding structures   
   8.    Failure to recover warm fl uids instilled

    a.    Could create false-positive on CT scan if 
CT is performed after DPL       

   9.    False-positive leading to unnecessary laparotomy   
   10.    Long-term scar tissue      

33.7     Troubleshooting 

     1.     Fluids   remain in the peritoneal space.
    a.    Make sure the bag is on the fl oor or at the 

lowest level below the patient.   
   b.    The patient may need to be repositioned.

    i.    Reverse Trendelenburg       
   c.    Slosh the abdomen to move and shift 

bowel and fl uids.   
   d.    Keep some fl uid in the bag to allow for a 

vacuum. If no fl uid is left in the bag, fl uid 
will not drain back out.    

      2.    If a DPL is performed prior to CT scan, the CT 
results may be inconclusive due to remaining 
fl uid from the lavage.   

   3.    DPL cannot be performed more than once.      

33.8     Conclusion 

 For many years, physical exam and DPL were the 
gold standard in identifying patients who needed 
emergent exploratory laparotomy. However, as 
technology and medicine evolve, so do the 

procedures medical providers perform to evaluate 
intra-abdominal injury. Understanding that every 
invasive procedure carries a risk, medical provid-
ers have now transitioned to primarily using nonin-
vasive alternatives such as CT scan and FAST. The 
 ATLS   guidelines for  managing   blunt or penetrating 
trauma to the abdomen have been changed to echo 
these sentiments. Most patients who are hemody-
namically stable are evaluated with physical exam-
ination and CT scans to assess for intra-abdominal 
injury. Hemodynamically unstable patients after 
 blunt   or  penetrating abdominal trauma   should be 
evaluated by ultrasound, as it is noninvasive and 
FAST and can be done while resuscitation contin-
ues. Both ultrasound and CT scan provide addi-
tional anatomical information not available from 
DPL. If the medical provider does not have access 
to or experience with ultrasound, and the patient is 
not safe for transport to CT scan, a DPL can be a 
useful tool to assess for intra-abdominal injury. 
DPL is fast and accurate in diagnosing  hemoperito-
neum   or hollow viscus injury (Fig.  33.1 ).
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      Bedside Laparoscopy in the ICU                     

     Jennifer     J.     Marrero       and     A.     Britton     Christmas     

       Despite the tremendous advances in the treat-
ment of  sepsis  , it is clear that source control is 
paramount to success. Equally important is the 
rapid identifi cation of that source. Critically ill 
patients in the  intensive care unit (ICU)   can 
often pose many signifi cant diagnostic chal-
lenges. While many patients initially present 
with  acute intra-abdominal process  es such as 
intestinal ischemia or sepsis, others can develop 
a number of acute processes unrelated to their 
admission diagnosis. These include pseudo-
membranous colitis, acalculous cholecystitis, 
intestinal or gastric perforation, or pancreatitis. 
Subsequently, these complications yield dra-
matic increases in morbidity and mortality, with 
mortality rates of 50–100 % [ 1 ]. 

 The physical examination is typically impaired 
in the ICU  setting   from a variety of factors. Critically 
ill ICU patients commonly have impaired mental 
status due to metabolic encephalopathy, brain 
injury, or pharmacologic sedation. As such, the 
abdominal exam is also much less reliable mandat-
ing a high degree of clinical suspicion. Furthermore, 
most of these patients are hemodynamically labile 
requiring multiple vasopressors and escalating ven-
tilatory support thereby imposing signifi cant risks 
during patient transport for imaging or even to the 
operating room. Life-threatening complications 
incurred during patient transport, including hypo-
tension, respiratory distress, central line disconnec-
tions, and dysrhythmias, are not  uncommon   and 
have been reported to occur in up to 45 % of ICU 
patient transports [ 1 ]. 

 Historically, the association between occult 
intra-abdominal infection and organ dysfunction 
was deemed suffi ciently strong enough to justify 
empiric laparotomy for the patient with progres-
sive organ dysfunction but no defi ned focus of 
infection [ 1 ]. However,  exploratory laparotomy   
has not demonstrated an overall decrease in mor-
tality given the large percentage of negative or 
nontherapeutic results. Of note, laparotomies 
under these circumstances are associated with 
reported morbidity rates ranging from 5 to 22 % 
[ 2 ]. Given the high rates of negative or nonthera-
peutic laparotomies, diagnostic laparoscopy 
offers a viable alternative to laparotomy in 
25–50 % of these patients, particularly in the set-
ting of  acalculous choleycystitis   [ 3 ]. 
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 The  Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES)   recommends that 
diagnostic laparoscopy is technically feasible and 
can be applied safely in appropriately selected ICU 
patients (grade B).  Diagnostic laparoscopy   is gen-
erally well tolerated in the ICU population with 
overall morbidity rates reported from 0 to 8 % with 
no mortality directly associated with the procedure 
being described [ 4 ]. Level II and III data demon-
strate diagnostic accuracy ranging between 90 and 
100 % with the main limitation being the evalua-
tion of retroperitoneal structures [ 4 ]. Therefore, 
despite the technical challenges associated with 
bedside laparoscopy, it offers a viable alternative to 
 exploratory laparotomy   which has traditionally 
yielded higher mortality rates, particularly in ICU 
patients with multisystem organ failure [ 5 – 7 ]. 

34.1      Indications   

 The most common indication for diagnostic lapa-
roscopy occurs in the setting of unexplained  sep-
sis   with clinical suspicion for an intra-abdominal 
process or secondary process. Frequently suspi-
cion is heightened by progressive  metabolic aci-
dosis   and other physiologic derangements such 
as tachycardia and hypotension unexplained by 
other causes or abdominal pain or tenderness in 
an obtunded or sedated patient [ 8 ]. In most cases, 
diagnostic workup to identify other causes of 
sepsis including bacteremia, urinary tract infec-
tions, and pneumonia has been negative. Bedside 
laparoscopy can facilitate clinical decisions, 
avoid unnecessary transport to CT, and also pro-
vide the potential for therapeutic intervention.  

34.2     Preparation and  Setup   

 A detailed history and physical examination help 
to identify potential pitfalls. Specifi cally, prior 
abdominal surgeries can complicate or even pre-
clude laparoscopic evaluation of the abdominal 
cavity. Physical examination is extremely impor-
tant to identify any abdominal scarring. It is 
imperative to ascertain any information related to 
previous or recent abdominal surgeries and any 

possibility for the presence of intraperitoneal 
mesh, such as from a prior ventral hernia repair. 
Laboratory studies including coagulation survey, 
complete blood count (CBC) and basic metabolic 
panel (BMP), electrocardiogram (ECG) and chest 
radiographic imaging, and arterial blood gas 
should be performed prior to the planned proce-
dure if feasible. Obtain consent from the family 
and ensure the risks (including death), potential 
benefi ts, and procedure are explained in detail. 

 Proper equipment and personnel are gathered to 
the bedside for the procedure. Equipment should 
include a laparoscopic mobile tower, operative 
materials, and backup equipment (Table  34.1 ). The 
mobile tower includes a large screen video monitor, 
insuffl ator with CO 2 , light source, and camera 
(Fig.  34.1 ). Sterile equipment includes the laparo-
scope, access trocars, and their associated  insuffl a-
tion   tubing and video and light source cables. 
Instruments include laparoscopic graspers. The 
operative team includes the surgeon, operating 
room nurse, fi rst assistant (ACP), and circulating 
nurse for equipment needs. The bedside nurse 
should be present for additional medication and 
supply needs.  Anesthesia   and monitoring can be 
managed by either an anesthesiologist or critical 
care ACP. Physiologic monitoring should include: 
blood pressure, electrocardiogram, pulse oximetry, 
and end-tidal carbon dioxide (CO 2 ) monitoring dur-
ing and after the procedure (Figs.  34.2 ,  34.3 ,  34.4 , and  34.5 ).

   Table 34.1     Equipment     

 Laparoscopic 
mobile tower  Operative materials 

 Backup 
equipment 

 Insuffl ator  Laparoscopic 
instruments 

 Open set 

 Image 
processor 

 Needle drivers  Lap sponges 

 Light source  Clip appliers  Suture 

 Cautery  Various sutures  Open suction 

 Monitor  Ports  Retraction 
instruments 

 Second 
monitor 

 Coagulating 
substrates 

 Lighting 
(overhead and 
headlamp) 

 –  Bipolar vessel 
sealing system or 
harmonic scalpel 
of choice 

 – 
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  Fig. 34.1     Laparoscopic   mobile tower       

  Fig. 34.2     Acalculous cholecystitis           Fig. 34.3     Gangrenous cholecystitis         
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        The patient is prepped and draped in the typi-
cal sterile fashion. All team members present in 
the room should wear caps and masks, with the 
operative team wearing sterile gowns, gloves, 
and masks. Our typical abdominal access is with 
an open technique rather than using a Veress nee-
dle [ 9 ]. In patients with previous abdominal oper-
ations, we access laterally [ 10 ]. Once access is 
obtained, we insuffl ate to the minimal pressure 
that allows visual exploration. Hemodynamics 
are  constantly   monitored and communicated to 
the operating team. Exploration should examine 
the liver, gallbladder, both diaphragmatic spaces, 
the pelvis, and entire gut. Dependent areas such 
as Morrison’s pouch and the pelvis are common 
areas for purulence and enteric contents to accu-
mulate (Figs.  34.6 ,  34.7 , and  34.8 ).

34.3          Pitfalls 

 The ACP should  be   aware of patient selection 
and understand the absolute and relative con-
traindications for diagnostic laparoscopy. Prior 
abdominal surgeries can make laparoscopy dif-
fi cult and increase potential risk due to intra- 
abdominal adhesions, i.e., enterotomy. 
Uncorrected coagulopathy, known or obvious 
indication for therapeutic intervention such as 
perforation or  peritonitis  , suspected intra- 
abdominal compartment syndrome, intestinal 
obstruction with associated massive bowel 
dilation, wound dehiscence, or clear indica-
tions of bowel injuries such as the presence of 
bile or evisceration are absolute contraindica-
tions for diagnostic laparoscopy [ 11 ]. Should 
any of these circumstances be present, an 
 exploratory laparotomy   is mandated. Morbid 
obesity, pregnancy, presence of anterior 
abdominal wall infection, recent laparotomy 
(4–6 weeks), or extensive adhesions from pre-
vious surgery or aortoiliac aneurysmal disease 
represent relative contraindications and should 
be weighed very carefully when considering 
diagnostic laparoscopy [ 11 ]. 

 The potential physiological complications of 
laparoscopic  surgery   are increased in the criti-
cally ill patient, including the chemical effect of 
carbon dioxide and the inherent increased intra-
peritoneal pressure associated with  pneumo-
peritoneum   and adequate  insuffl ation  . The 
increased intra-abdominal pressure elevates the 
diaphragm and subsequently results in the col-
lapse of basal lung tissue. Potential deleterious 
physiologic effects include decreased functional 
residual capacity, ventilation perfusion mis-
match, and increased intrapulmonary shunting 
of blood leading to hypoxemia and increased 
alveolar arterial oxygen gradient [ 12 ]. Increasing 
the frequency of mechanical ventilation with 
 positive end expiatory pressure (PEEP)   and 
increasing the fraction of inspired oxygen dur-
ing the procedure will decrease the intraopera-
tive atelectasis and improve the gas exchange 
and oxygenation [ 12 ]. 

  Fig. 34.4     Peritonitis         

  Fig. 34.5     Insertion   of trocar       

 

 

J.J. Marrero and A.B. Christmas



323

 Compression of the vena cava may occur dur-
ing  insuffl ation   yielding decreased preload (thus 
cardiac output) and increased vascular resistance 
in the arterial circulation [ 12 ]. This effect can be 
minimized with adequate fl uid resuscitation. 
Furthermore, limiting insuffl ation pressures 
(<10 mmHg) leads to less  hemodynamic   compro-
mise. Cardiac arrhythmias including bradycardia 

from vagal stimulation, premature ventricular 
contractions, or ventricular tachycardia can also 
occur and should be closely monitored. 
 Hypercarbia   can also result due to the reabsorp-
tion of the carbon dioxide into the circulation. 
This hypercarbia coupled with hypoventilation 
can yield acidosis and further depression of the 
cardiopulmonary system [ 13 ]. The use of continu-

  Fig. 34.6     Laparoscopic   camera and 
electrocautery       

  Fig. 34.7     White   balance         Fig. 34.8     Light   activation       
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ous end-tidal carbon dioxide monitoring may help 
to prevent worsening acidosis in these circum-
stances. If the physiologic effects of the  pneumo-
peritoneum   are not adequately tolerated, then 
laparoscopy is aborted (Figs.  34.9  and  34.10 ).

34.4         Conclusion 

 The critically ill ICU population poses diffi cult 
diagnostic challenges, and transportation of these 
patients for further testing can carry signifi cant 
mortality and morbidity risks [ 1 ]. Diagnostic 
laparoscopy provides a sensitive modality for 

diagnosis of intra-abdominal pathology for 
patients exhibiting  sepsis   or  systemic infl amma-
tory response (SIRS)   in the ICU [ 4 ,  5 ,  14 ].     
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35.1           Introduction 

  Bedside exploratory laparotomy   in the intensive 
care unit (ICU) is a diagnostic and therapeutic 
procedure that warrants signifi cant consideration 
with regard to patient selection, indication, pro-
vider skill set, and resource availability. In gen-
eral, patients selected for  bedside surgery   are 
most often those with a high potential for mor-
bidity and mortality, especially as related to tran-
siting through the hospital to the operating 
room [ 1 ]. Objectively, these patients are freque-
ntly those on high doses of vasoactive medica-
tions and on advanced modes of ventilation 
unable to be easily replicated during transport or 
in the operating room, those reliant on invasive 
therapies such as continuous renal replacement 
therapy or extracorporeal membrane oxygen-
ation, or those with profound hemodynamic insta-
bility requiring immediate surgical intervention. 

 There are two main types of bedside  explor-
atory   laparotomy: those performed as an index or 

primary opening of the abdomen or reopening of 
a previous laparotomy. Common indications for 
either type include intra-abdominal hemorrhage, 
intra-abdominal contamination or ischemia, 
abdo minal compartment  syndrome  , or washout 
of the abdominal compartment with or without 
closure (Fig.  35.1 ). Specifi c considerations in the 
patient preparation and surgical technique unique 
to each of these indications will be discussed in 
the following sections of this chapter.

   Bedside laparotomy is resource intensive, 
both on the part of human capital and instrumen-
tation. For most ICUs, these resources are not 
typically available, and preplanning and infra-
structure placement are essential. Understanding 
the constraints and technical limitations of the 
ICU’s “operative” environment is essential in 
patient and procedure selection. Having a com-
plete understanding of the equipment and sup-
plies necessary for the intended operation is 
critical. All of these concepts and steps will be 
elaborated in the following sections. 

 This chapter will not  specify   the needs for 
every ICU. Every ICU is different, with different 
limitations and protocols. Thus, this chapter 
should be used more for the concepts rather than a 
“cookie-cutter” approach. For these reasons, there 
is a paucity of readily applicable literature avail-
able on  bedside surgery   in the ICU. Further, due 
to the critically ill nature of this patient popula-
tion, randomized and blinded trials are not easily 
accomplished, and thus there is a relative paucity 
of randomized, controlled data surrounding 
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 bedside laparotomy. Therefore, for this popula-
tion, the best overlap with clinical evidence is the 
broadly accepted conceptual framework of dam-
age control surgery [ 2 ]. 

 Damage control surgery is a strategy that aims 
to expediently address immediate life- threatening 
injuries such as bleeding, abdominal  hyperten-
sion  , and contamination while deferring defi ni-
tive management of less mortal insults for a later 
time when shock, coagulopathy, and hypother-
mia have been corrected. By defi nition, as part of 
damage control, the abdominal wall is left open 
for later re-exploration and closure [ 3 ,  4 ]. This 
approach was initially implemented in the care of 
critically injured trauma patients, but its use has 
since been applied with mortality benefi t to non- 
trauma patients requiring acute surgery for other 
abdominal insults [ 5 ]. 

 Of note, the term “damage control” is a naval 
term referring to a ship’s ability to sustain dam-
age and maintain mission integrity [ 4 ]. In its cur-
rent form, damage control surgery is a staged 
process in the following paradigm: (1) hemor-
rhage control and prevention of contamination, 
(2) physiologic restoration in the ICU, (3) second 

look for missed injury and defi nitive repair, and 
(4) abdominal wall closure/reconstruction [ 4 ]. 
Because of the acuity of bedside laparotomy, 
they almost universally follow damage control 
methodologies.  

35.2      Indications   

 Bedside laparotomy denotes urgency, acuity, and 
critical illness. The contributing underlying pro-
cesses commonly include intra-abdominal hem-
orrhage, contamination or ischemia, abdominal 
compartment syndrome, or  re-exploration of a   
previously open abdomen for washout or closure 
[ 3 ,  4 ,  6 ]. In most cases, a bedside laparotomy is 
utilized when operative focus can be directed 
at just one of the above indications with high 
probability of a single, addressable insult.    This 
focus will give rise to general, indication-specifi c 
considerations.

•     Intra-abdominal Hemorrhage   
•  The focus of this bedside  exploration   is con-

trol of bleeding. These patients have generally 

  Fig. 35.1     Conceptual   algorithm for bedside laparotomy etiology       
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already undergone their primary operation 
and this is a reopening. The comfort of know-
ing what intra-abdominal processes are pres-
ent from the previous operation allows for 
confi dent bedside exploration. Primary lapa-
rotomy for bleeding has a much higher poten-
tial for morbidity as the etiology and thus the 
required resources are unknown. Additional 
resources for ICU hemorrhage resuscitation 
during  bedside surgery   should be considered 
and will be discussed later in this chapter [ 4 ].  

•    Sepsis   from Contamination/Ischemia 
•  Operations for  this   indication may be under-

taken at the bedside as either an index case or 
reopening of a previous laparotomy. The focus 
of this exploration is source control in the set-
ting of abdominal sepsis. Common etiologies 
include perforated viscous from diverticulitis, 
peptic ulcer disease, ischemia, infection, or 
surgical misadventure. Important operative 
tenants include removal of the septic source 
and washout of abscess cavities. The neces-
sary adjuncts to surgery will be discussed 
shortly.  

•   Abdominal Compartment  Syndrome   
•   Abdominal compartment syndrome   encom-

passes the clinical manifestations associated 
with intra-abdominal hypertension.  Decomp-
ression   is preferable prior to the development 
of formal abdominal compartment syndrome. 
This etiology is the most common bedside 
indication for primary laparotomy although it 
can also be seen with reopenings of recent 
laparotomies. This etiology is also commonly 
seen in both medical and surgical intensive 
care environments. Immediate surgical decom-
pression is the gold standard of treatment 
for abdominal compartment syndrome [ 7 ]. 
Although most  bedside surgery   results in 
an open abdomen, by defi nition, abdominal 
 compartment syndrome requires temporary 
abdominal closure that expands the peritoneal 
volume, unless  a   space occupying substance 
(ascites) is removed. This temporary closure 
is most commonly a negative pressure wound 
therapy system or “vacuum dressings” [ 8 ,  9 ]. 

•  It should be noted that even with a vacuum 
dressing, a patient can develop or redevelop 

abdominal compartment syndrome [ 10 ]. The 
high-risk patient should therefore be monitored 
closely for the development  of   intra- abdominal 
hypertension and abdominal comp artment syn-
drome [ 7 ]. This ongoing assessment generally 
includes hemodynamic and bladder pressure 
monitoring.  

•   Re-exploration of an Open Abdomen for 
Washout or Closure 

•  This  re-exploration functions   twofold: as a 
washout of any purulent fl uid for additional 
source control and as a second look to rule out 
new or previously unrecognized intra- 
abdominal pathology. In a clinically deterio-
rating patient, missed hollow viscus injury 
should be high on the differential, especially 
if there is a known solid organ injury [ 11 ]. 
Formal closure at the bedside is less common, 
as this is generally performed after clinical 
improvement, when transit to an  operating   
room is safe for the patient.     

35.3     Patient Selection 

 Published clinical studies have  reported   similar 
complication and mortality rates for bedside versus 
operating room laparotomy [ 6 ]. However, the oper-
ating room environment clearly has additional 
resources not available in an ICU. Therefore, 
patient selection based on physiology and sus-
pected operative needs should be considered. 
Bedside laparotomy should be reserved for those 
patients in whom a trip to the operating room is 
deemed overly risky. Necessitating features may 
include profound hemodynamic instability or the 
requirement for ventilator strategies not sustainable 
during travel to or in the operating room [ 1 ].  

35.4     The Intensive Care Unit 
as an Operative Suite 

 The  operating room is   pre-equipped with all of 
the necessary equipment required for an explor-
atory laparotomy and all of its potential avenues. 
It generally has an effi cient layout, both in the 
actual operating space and also in adjacent equip-
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ment storage areas with easy access. Also avail-
able in the operative suite is a full complement of 
specialized machinery such as cell saver, cardio-
pulmonary bypass, etc. The ICU generally does 
not have these resources; however, with preplan-
ning, some infrastructure can be owned by the 
ICU and other resources can be brought in by the 
operating room staff. Elements of the ICU pre-
planning and preparation will be discussed in an 
upcoming section. 

 Beyond physical equipment, effectively utiliz-
ing the ICU can maximize operative effective-
ness. Patient and operative provider positioning is 
one component. Bed height, use of footstools, and 
patient positioning on the ICU bed can improve 
performance. Temperature control is another 
important factor as hypothermia can lead to coag-
ulopathy. The decision to perform surgery can 
sometimes be based on minimizing heat loss by 
not moving to an operative suite. If a thermostat is 
present in the ICU room, considerations toward 
raising the temperature should  be   employed.  

35.5     ICU Logistics 

 Most ICUs are not  designed   to function as an 
operating room. Whereas operative suites are 
generally restricted access areas with personnel 
familiar with operative choreography, sterile 
fi elds, and patient fl ow, the ICU is not. Most 
ICUs have open corridors with transiting visitors 
and unfamiliar staff. In order to best preserve a 
sterile operative environment and protect the pri-
vacy of the patient, every effort should be made 
to limit access to the area immediately around the 
“ICU room turned operative suite.” 

 All those in the ICU room turned operative 
suite should be outfi tted with personal protective 
gear including surgical caps, surgical masks, and 
eye protection. Those at the bedside should be 
outfi tted with sterile gowns and gloves. When 
possible, the door to the room should be shut. If 
lack of space dictates overfl ow to the hall, porta-
ble privacy screens should be used. 

 While many ICUs are equipped with small 
boom mounted procedure lights, the amount of 

focused light they provide is often considerably 
less than that provided by operating room light-
ing. Portable lighting is available and should be 
considered for capital purchase if bedside proce-
dures become routine in an ICU. Additional 
lighting may be provided by surgical headlamps. 
These headlamps come with light sources that 
can be mounted on a procedure cart or can be 
completely housed on the user.  

35.6     Durable Equipment 

 Most ICU rooms are pre- equipped   with cardio-
vascular monitoring devices, ventilators, suction, 
and oxygen sources that can facilitate bedside 
laparotomy. Additional equipment, with preplan-
ning, can be easily acquired or improvised. ICU 
tray tables can be used as a surgical table once 
draped with a sterile sheet. Practitioners should 
avoid placing instruments on the patient or the 
bed as they may shift and/or fall off the bed; fur-
ther, they may injure the underlying patient if not 
properly placed down. As the ICU bed was not 
intended for surgery, bed parts and surrounding 
ICU equipment are vulnerable to breeching the 
surgical fi eld. Appropriate and additional draping 
may be necessary. 

 Standard ICU equipment and clean supply are 
dwarfed by the quantity and variety of surgical 
implements available in most operative suites. 
Adequate preplanning is needed to stock essen-
tial elements for bedside laparotomy. Table  35.1  
and Fig.  35.2 , respectively, list and display spe-
cialized equipment that should be available for 
bedside laparotomy. The durable equipment 
should dwell in the ICU and be ever present. If 
components need to be acquired from other loca-
tions, that will likely impede the decision to do 
 bedside surgery  . Notable elements here include 
an electrocautery with corresponding pencils and 
grounding pads that are kept on an operative pro-
cedure cart. This procedure cart is an essential 
component of ICU readiness. Its contents, how-
ever, must be kept stocked and frequently 
reviewed for not only used resources but expired 
equipment as well.
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    Non-disposable instruments, as prepared by 
central sterile supply, should also be present in 
the ICU. Trays such as a thoracotomy tray must 
be available, even if just singularly, with the 
understanding that it will be replaced when 
used. A thoracotomy tray is a good universal 
tray, even for laparotomies as most major gen-
eral instruments are present. Depending on the 
contents of a thoracotomy tray, the only addi-
tions possibly needed are handheld retractors. In 
rare circumstances, the operating room itself 

can bring specialized equipment and staff if 
needed, but this adds to complexity and can be 
an impediment.  

35.7     Disposables 

  Disposables can be   divided into two main groups: 
those used during every bedside laparotomy and 
those that just need to be available but not opened. 
For those elements used in every bedside lapa-
rotomy, central supply can assemble a kit ready 
for use that does not overload your procedure 
cart. This kit can be housed in a large tote box. 
Several tote boxes are recommended as tote turn-
over may take several days. Totes should have 
expiration dates and be sealed to ensure their 
contents have not been tampered with. Table  35.2  
displays the recommended contents of a tote box. 
These contents can be adjusted based on local 
practice patterns, especially in reference to the 
technique used to ultimately but temporarily 
close the abdomen. The tote box also contains 
saline irrigation. This will be at room  temperature. 
If copious irrigation is used, irrigation from a 
warmer is recommended so as not to induce or 
worsen hypothermia.

   Additional disposable equipment frequently 
utilized can also be stocked in the bedside 

   Table 35.1    Bedside  laparotomy   procedure cart contents   

 Instrument trays and kits  Adjuncts 

 Thoracotomy tray  Bovie pencils and 
grounding pads 

 Open tracheostomy tray  Scalpels 

 Minor procedure tray  GIA staplers with reloads 

 Internal defi brillation 
paddles 

 Vessel loops 

 Laceration kit  Umbilical tape 

 Percutaneous 
tracheostomy kit 

 Skin staplers 

 Pigtail catheter kit  Surgicel 

 QuickClot 

 Gelfoam 

  Additional equipment  

 Drawer full of sterile gloves 

 Freestanding suture tree (broad selection) 

  Fig. 35.2    Pre-stocked 
and pre-arranged 
equipement needed for 
bedside laparotomy       
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 laparotomy procedure cart. Examples of this are 
laparotomy pads: the tote contains a starting 
amount, but if additional are needed, they can be 
quickly obtained from the cart and placed on the 
operative fi eld. Some disposables that are impor-
tant to have on hand, like hemostatic agents, can 
be  placed   solely on the cart for ready 
availability.  

35.8     Personnel 

 Operative procedures,    regardless of location, are 
a human resource-intensive endeavor. The oper-
ating room is staffed by a full complement of 
highly trained specialized providers free to assist 
in all aspects of the procedure. At the bedside in 
the ICU, staffi ng may be very different. The bed-
side nurse may be responsible for more than one 
patient. There may not always be nursing assistants 
or techs free to run and obtain missing equip-
ment. The bedside surgical team must be aware 
of their ICU personnel resources and work within 
the confi nes of their limitations. Operating room 
personnel can be called to the bedside in an ICU, 
but depending on the logistics of the institution, 

this may be met with resistance and increase the 
threshold for future  bedside surgery  .  

35.9     Imminent Preparations 

 Patient preparation  and   anticipating components 
of patient care during this invasive procedure is a 
key role. Considerations such as patient position-
ing, analgesia and sedation, mechanical venti-
lator management, fl uid volume management, 
supporting hemorrhage control, and understand-
ing all of the equipment and devices that are to 
be utilized during the procedure should all be 
anticipated. 

 Consideration should be given to analgesia 
and sedation. Whereas in the operating room, 
anesthesiology clearly performs this role, when 
at the bedside, the ICU team is generally respon-
sible for providing analgesia and sedation. 
Paralytic medications are frequently required 
during exploratory laparotomies; thus, anticipat-
ing this medication is important. 

 Airway and ventilator management must also 
be actively monitored and optimized during any 
bedside laparotomy. The ICU team, in conjunc-
tion to the surgical team, should discuss the ven-
tilatory needs and potential issues prior to the 
 surgery   start time. 

 Adequate peripheral or central intravenous 
access should also be established prior to starting 
an abdominal exploration. Changes in hemody-
namics should be expected with sedation, anal-
gesia, and volume losses due to bleeding or 
insensible operative losses. Laboratory values 
should be evaluated for the presence of correctible 
electrolyte abnormalities, anemia, and coag-
ulopathies. When possible, type and crossed blood 
should be available. The blood bank should be 
notifi ed of a potential need for cross-matched or 
uncross-matched blood if applicable.  

35.10     Intraoperative 
Considerations 

 The operative focus and  technique   may vary 
depending on indication and the nature of the 
procedure. Exploratory laparotomies can either 

   Table 35.2    Bedside  laparotomy   prepackaged tote box 
contents   

 Item  Par 

 ABThera VAC dressing  1 each 

 Ioban small  1 each 

 Ioban large 60 × 85  1 each 

 Jackson-Pratt drain  2 each 

 Canister suction Lg  2 each 

 Suction tubing 25 ft  2 each 

 Suction, Yankauer  2 each 

 Suction, Poole  1 each 

 Betadine 4 oz  1 each 

 Benzoin 2 oz  1 each 

 Irrigation solution 
 1500 mL 

 2 each 

 Wound closure kit  1 each 

 Scalpel#10  1 each 

 Gown pack (sterile)  1 each 

 Linen pack (sterile)  1 each 

 Gloves, Neolon sz 7  2 each 

 Gloves, Neolon sz 8  2 each 

 Lap sponges 18 × 18  4 each 
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be an index abdominal operation where the abdo-
men is incised primarily or a reopening of a 
recent laparotomy where recent sutures are cut or 
a temporary dressing is removed and the peri-
toneal cavity is entered directly. For an urgent 
index bedside exploratory laparotomy, a midline 
incision is typically chosen. Re-exploration sur-
geries should reenter through the previous open 
abdomen or through the previously developed 
healing wound. 

 Exploratory laparotomies associated with 
trauma are often correlated with organ injury and 
hemorrhage; therefore, blood in the peritoneum 
should be expected. Signifi cant abdominal organ 
mobilization may be required to fi nd the focus of 
injury and should be planned for during incision. 
Following explorations for trauma, the abdomen 
is frequently left open in a damage control fash-
ion to facilitate future washouts. This will also 
expedite the  bedside surgery  . 

 Intra-abdominal hypertension and abdominal 
compartment syndrome ( ACS  )    are caused by 
increasing pressure within the abdominal cavity. 
This occurs by volume expansion of either free 
fl uid (or blood) or tissue edema in the mesentery 
and retroperitoneum. Ultimately, if this pressure 
becomes too high, it can result in end-organ dys-
function [ 12 ]. The aim of the index operation is 
to decompress the underlying organs and restore 
function. Examining the bowel and other struc-
tures for ischemia during the  decompression   and 
looking for evidence of reperfusion is an essen-
tial component  of   the procedure. At the end of 
this exploration, the abdominal wall is left open 
to allow contents to partially eviscerate in a con-
trolled fashion (with a dressing), thus any further 
pressure buildup. It should be noted that, depend-
ing on the dressing selected, new, additional pres-
sure can be created and the dressing may need 
revision at a later date. Various temporary closing 
techniques will be described in the next section. 

 Abdominal sepsis generally evolves from a 
perforated viscous stemming from ischemic 
necrosis or an anastomotic leak. Occasionally, 
bacterial organisms primarily invading the peri-
toneum can also cause abdominal sepsis. When 
indicated, treatment involves the washout of the 
abdominal cavity and control of further contami-

nation. The bedside laparotomy technique there-
fore involves source identifi cation. These patients 
are often septic from the distributive shock state 
and require signifi cant fl uid administration [ 13 ]. 
Development of abdominal compartment syn-
drome should be considered as the infectious 
infl ammatory response commonly draws fl uid 
into the abdominal tissues. 

 A unique indication for bedside laparotomy is 
intracranial hypertension where decompression 
of the abdominal wall augments cerebral venous 
outfl ow and thus secondarily decreases intracra-
nial pressure [ 14 ]. Under this indication, a gener-
ous midline incision is created and the viscera 
are allowed to protrude. A temporary dressing is 
placed to protect the abdominal contents. 

 After meeting goals of the bedside explor-
atory laparotomy, a decision regarding abdomi-
nal closure must be made. This decision will 
hinge on an evaluation of the abdomen, the antic-
ipation of re-exploration, and any need for con-
tinued  decompressive   therapy. Defi nitive closure 
is beyond the scope of this chapter and is gener-
ally not performed at the bedside.  

35.11     Temporary Abdominal 
Closure Theory 
and Techniques 

 Temporary abdominal closure methods include 
skin closure techniques, mesh products, and neg-
ative pressure wound therapy ( NPWT  )  systems   
[ 15 ]. The overall goal of temporary closure is to 
protect the abdomen from uncontrolled eviscera-
tion, to prevent adherence to the abdominal wall 
prior to defi nitive closure, and to reduce edema 
and promote abdominal drainage [ 15 ]. The fol-
lowing are several common techniques that facil-
itate temporary abdominal closure. 

 In a  silo technique  , a sterile bag, also known 
as a “Bogota bag,” is sewn into the skin or fascia 
of the anterior abdominal wall that protects the 
abdominal contents and reduces fl uid losses 
while the abdomen is open [ 16 ]. Direct visualiza-
tion of the underlying viscera is an advantage of 
this therapy, although the benefi ts of fl uid reduc-
tion and negative pressure are not possible with 
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this technique. This technique is time-consuming 
and relatively static in size and requires full 
removal and replacement for size changes. 

  Dynamic-retention sutures   provide a useful 
technique in facilitating eventual abdominal clo-
sure where several elastic retention sutures are 
placed at the skin or fascia level and allow for 
constant and adjustable tension toward the mid-
line [ 17 ]. When this method is utilized, a protec-
tive layer must be placed between the retention 
sutures and the bowels; this can range from a 
thick  silastic   sheet to a commercial dressing. 

  Towel-based negative pressure systems,   also 
known as a “Barker VAC,” utilize a surgical 
towel and a polyethylene sheet as a base to pro-
tect the viscera. The sheet has a few small holes 
to allow fl uid removal, and drain tubing is placed 
above the towel in the subcutaneous space and is 
often connected to Jackson-Pratt bulbs or wall 
suction. An outer plastic adherent dressing is 
placed. This system is simple and inexpensive, 
but has limited ability to remove fl uid. 

  Commercial NPWT   can be used alone or 
paired with a dynamic closure strategy as well. It 
has been shown to increase closure rates without 
inciting a higher rate of enterocutaneous fi stulas 
[ 8 ]. There are several systems on the market but 
their underlying principles are the same. There is 
a protective, non-adherent inner layer that is 
placed directly overlying the bowel. Its function 
is to prevent the abdominal wall from adhering to 
the underlying viscera and  thus   allowing for 
movement back to the midline for eventual clo-
sure. Next is a layer of foam that is tailored to the 
dimensions of the subcutaneous defect. Finally, 
an outer adherent, watertight plastic drape is 
placed. The subcutaneous sponge is placed 
on suction. This type of dressing allows for a 
 controlled and measurable fl uid removal and the 
ability to slowly tighten the dynamic retention 
sutures as the infl ammation and edema improve. 

 Each of these techniques can be adapted based 
on available resources and patient specifi c needs. 
Many other techniques exist such as various fas-
cial closures, skin-only closures, and defi nitive 
closure. However, their scope is larger than the 
immediate urgency required in the bedside 
laparotomy. 

 In the event that the abdomen is closed formally 
at the bedside, the usual operating room proce-
dures that involve counting  instruments   should be 
performed in the ICU as well. Addi tionally, rou-
tine use of x-rays to document the absence of 
retained instruments or sponges should be done.  

35.12     Management Considerations 

 The tenants of damage control surgery are to 
reduce operative time by only completing life-
saving surgical interventions [ 3 ,  4 ]. This approach 
has led to decreased mortality, less hypothermia, 
and less coagulopathy [ 18 ]. However, these same 
physiologic improvements still require active 
prevention because even  bedside surgery   can 
lead to these untoward consequences [ 19 ]. Owing 
to the limitations of the intensive care unit as an 
operating room, special consideration should be 
given to guarding against these potential pitfalls. 

  Hypothermia      Simply   opening the abdominal 
compartment and exposing the abdominal 
mucosa to the atmosphere drastically increases 
the surface area available for temperature 
exchange. Additionally, the instillation of room 
temperature of irrigation fl uid, intravenous fl uids, 
and blood products can hasten hypothermia. 
Where possible, the ICU room should be warmed. 
Warm irrigation fl uid should be used and stocked 
on the unit where bedside exploratory laparoto-
mies may take place. Additionally, intravenous 
fl uids and blood products should be warmed prior 
to administration.  

  Hypovolemia     In elective cases,    a restrictive 
approach to crystalloid fl uid administration tar-
geted to specifi c physiologic endpoints is often 
utilized and has shown to have improved out-
comes [ 20 ]. A low-volume resuscitative approach 
has also shown survival benefi t and decreased 
intensive care length of stay in the patient with 
acute intra-abdominal bleeding prior to hemor-
rhage control [ 21 ]. While this restrictive approach 
may serve well acutely, in the patient with 
 ongoing bleeding, a balanced “damage control” 
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approach favoring the administration of blood 
products in an equal packed red blood cell to 
fresh frozen plasma ratio has shown mortality 
benefi t [ 22 ,  23 ].  

  Anemia     Bleeding  accounts   for a large percent-
age of the preventable deaths associated with 
trauma [ 24 ]. In the bleeding patient with hemo-
dynamic instability, a resuscitation strategy rep-
leting losses with PRBC and FFP in a ratio of 1:1 
should be employed targeting restoration of 
hemodynamic stability [ 25 ]. Additional platelet 
transfusions have also been found to be benefi -
cial. In the patient who is not actively bleeding 
and is without signs of sepsis or cardiac ischemia, 
a hemoglobin of 7 as a transfusion trigger is gen-
erally supported in the literature [ 26 ].  

  Coagulopathy     Trauma- induced   coagulopathy 
is associated with the early phase of injury result-
ing in diffuse nonsurgical bleeding exacerbating 
blood loss [ 27 ]. This coagulopathy is propagated 
by hypothermia and the hemodilution associated 
with large-volume crystalloid resuscitation [ 24 ]. 
A balanced resuscitation favoring early blood 
product replacement over crystalloid utilizing a 
ratio of FFP to pRBC of 1:1 has shown a mortal-
ity and intensive care unit length of stay benefi t 
over resuscitation strategies relying more  heavily 
  on pRBC alone [ 25 ].  

  Abdominal Compartment  Syndrome       Abdo-
minal compartment syndrome is a state that 
occurs when abdominal perfusion pressure is 
insuffi cient  to   support end-organ perfusion. The 
parameter used to establish vulnerability to this 
state is an intra-abdominal pressure. A measurement 
by bladder pressure transduction greater than 
20 mmHg indicates intra-abdominal hyperten-
sion (AIH) [ 7 ]. As the pressure rises, evidence of 
end-organ failure will become evident as AIH 
becomes ACS. ACS is not only an indication for 
exploratory laparotomy but is also a complica-
tion of the procedure. Care of the devices placed 
during the ex-lap and continued pressure moni-
toring is prudent even when the abdominal com-
partment is left open with a negative pressure 
wound closure system [ 10 ].   

35.13     Postoperative Care 

 Post-exploratory laparotomy patients should 
receive the same care as any postsurgical ICU 
patient. Typical routine postoperative laboratory 
studies should be attained with special attention 
toward identifying hypoperfusion (lactate), aci-
dosis, coagulopathies, anemia, and correctible 
electrolyte abnormalities. Many of the patients 
who are identifi ed as candidates for bedside lapa-
rotomies are very ill at baseline; therefore, their 
postoperative management will need to account 
for their competing physiologies. 

  Bleeding      All   postsurgical patients should be 
viewed as potentially bleeding until otherwise 
proven. Post-procedure CBC, hemodynamics, 
and abdominal dressing output should be scruti-
nized. Any evidence of hypoperfusion merits 
bleeding consideration.  

  Infection     Preoperative antibiotics should be 
given similar to any case in the operating room. 
If there are concerns for ongoing  infection,   such as 
a septic abdomen, appropriate antibiotics should 
be continued. Cultures should have been taken of 
any purulent fl uids intraoperatively, and these 
results should be followed closely. In the face of 
sepsis, antibiotic coverage should be broad spec-
trum, covering gram positives, gram negatives, 
anaerobes, and potentially yeast. It is important to 
note, even in the face of sepsis, in the fi rst few post-
operative hours that hypotension should be consid-
ered as bleeding until proven otherwise [ 28 ].  

  Pain Control      Pain control is   important in the 
postoperative patient. This population has signif-
icant cause for pain and should not be under-
dosed, particularly if still paralyzed. The overall 
pain management plan should include multi-
modal therapy in combination with opioid man-
agement [ 29 ].  

  Mechanical Ventilation Management     Protec-
tive lung ventilation may be helpful after abdom-
inal surgery [ 30 ] particularly in patients with 
sepsis or having received a high volume of blood 
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products. Otherwise, minimal  ventilator   settings 
paired with spontaneous breathing trials to facili-
tate fewer ventilator days are important. Patients 
with an open abdomen do not need to stay 
mechanically ventilated for the entire time they 
are open if they can remain un- agitated. All the 
usual considerations regarding extubation should 
be employed, and it should be noted that when 
the abdominal wall is open, the abdominal mus-
culature is not intact and patient’s ability to give 
a forceful cough may be reduced.  

  Enteral Nutrition     Nutritional optimization plays 
an important role in recovery from critical ill-
ness, both from the standpoint of wound healing 
and immunologically. Following bedside lapa-
rotomy and a subsequent open abdomen,  enteral 
nutrition   is not contraindicated [ 31 ]. Moreover, 
evidence supports that early enteral nutrition in 
the open abdomen helps to promote earlier clo-
sure, reduce fi stula rates, and decrease hospital 
costs [ 31 ]. However, careful detail to the under-
lying etiology of the ex-lap and any other con-
traindication that may preclude feeding, such as 
new small bowel anastomosis, continued pro-
found septic shock, and ACS with high residuals, 
should  be   considered.   

35.14     Summary 

 There are signifi cant challenges posed when 
 performing laparotomy at the bedside in the 
ICU. This approach should be employed only 
when the risks of transferring a patient to an 
operating room outweigh the risks of undertaking 
an operative effort at the bedside. With adequate 
preparations and preplanning, bedside laparot-
omy can be safely and successfully performed in 
an ICU setting.     

  Confl ict of Interest   No author has a confl ict of interest or 
fi nancial disclosure necessary.  
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36.1           Introduction 

 The opening of the abdominal cavity is done for 
a number of surgical and for some medical rea-
sons. Surgical reasons for opening the abdomen 
include  trauma   with inability to close the fascia 
due to concern for  abdominal compartment syn-
drome  , increased airway pressures and intra- 
abdominal edema or retroperitoneal hemorrhage, 
need for or desire for second-look operations or 
repeat procedures to achieve defi nitive repair, 
bowel left in discontinuity from damage control 
surgery, and need for abbreviated operations in 
order to adequately resuscitate the patient [ 1 – 4 ]. 

 Medical reasons for opening the abdomen 
include fl uid resuscitation leading to intra- 
abdominal hypertension and abdominal compart-
ment  syndrome   (e.g., septic shock, hypothermic 
resuscitation, retroperitoneal hemorrhage, hem-
orrhagic shock, or ascites) [ 1 – 4 ]. There is also 
literature that supports the opening of the abdo-
men for refractory intracranial hypertension [ 5 ]. 

 Conceptually the abdomen cannot be left in a 
true open state. Once surgery or decompression 
has been achieved, the abdominal contents must 
be sealed and protected from the air and the envi-
ronment. Without a proper seal or closure, there 
will be massive fl uid losses, hypothermia, and 
high potential for injury of the bowel from expo-
sure to the air. The abdomen is therefore closed 
with a  temporary   closure device, and the appropri-
ate term is referred to as temporary abdominal clo-
sure ( TAC  ) refl ecting the fact the patient’s fascial 
layer is not closed or re-approximated surgically. 

 Temporary abdominal closure can be achieved 
with improvised or commercial devices. The 
benefi ts and issues surrounding the devices are 
described below. It is beyond the scope of this 
chapter to describe each technique in detail. 

36.1.1      Improvised Devices   

 It generally consists of a plastic barrier between 
the bowel and the atmosphere. A variety of strate-
gies have been adapted through the years. Some 
are simple devices consisting of a single plastic 
barrier to more complex devices consisting of a 
surgical towel or Kerlix between a permeable 
inner lining and a plastic external seal. 

 Benefi ts of improvised devices include their 
relative simplicity and relative ease of deploy-
ment. Most hospitals with operative suites can 
assemble the necessary materials in order to pro-
vide TAC. Overall supply costs are signifi cantly 
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less with improvised devices than commercial 
ones [ 1 ,  6 ]. There are some challenges associ-
ated with the improvised devices including 
achieving adequate drainage and measurement 
of effl uent losses.  

36.1.2     Types of Improvised Devices 

  Bogota bag  : a large sterile  irrigation   bag that is 
fashioned to cover the exposed abdominal con-
tents and is sutured to the fascial edges. It pro-
vides closure and covering of abdominal contents. 
This device is not very effective in collecting 
effl uent or measurement of losses. 

  Towel clip method:    the   abdomen is closed in a 
temporary fashion using multiple towel clips to 
approximate the skin edges. This method is gen-
erally not used in the era of modern commercial 
devices, and there is a high concern for abdomi-
nal  compartment   syndrome from its use. 

  Barker vacuum pack  :    a large piece of sterile 
polyethylene drape is punctured with several small 
holes in the middle to permit effl uent drainage. 
The drape is then placed over the abdomen down 
to the abdominal gutters to protect the bowel. 
Several sterile operating room towels are then 
placed over the drape with a suction device such as 
abdominal drains placed in between towels. The 
drains can be surgically placed through the abdo-
men through a stab incision or left to exit the open 
abdomen. The abdomen is then covered with a 

sterile adhesive drape to provide the seal. Suction 
is then attached to the drains continuously from 
the wall-mounted suction device [ 6 ,  7 ]. There are 
a number of variations to the Barker vacuum pack. 
Some use Kerlix as a substitute for the towels and 
utilize different types of drainage tubes, such as 
chest tubes, nasogastric tubes, JP drains, or track 
pads from wound vacs. See Fig.  36.1 .

36.1.3        Commercial Devices 

 Commercially  manufactured   for the purpose of 
being used for temporary abdominal closures, 
they generally mimic the standard principle of a 
permeable inner lining that protects the bowel 
and an external seal. The commercial device 
uses the concept of  negative pressure wound 
therapy (NPWT)   and a foam dressing covered 
with an adhesive drape. The dressing is con-
nected to a vacuum device that creates and 
maintains continuous negative pressure. NPWT 
has shown some positive effects on wound heal-
ing in some studies and may improve fascial 
closure rates [ 1 ,  8 ]. Other benefi ts of the com-
mercial devices come with less nursing wound 
care and dressing needs. With more hospitals 
using commercial NPWT devices for wounds, 
they are becoming more accessible and a stan-
dard in most major hospitals.    Criticisms of the 
 NPWT   are the cost associated with the devices 
and materials as well as the risk of bleeding or 

  Fig. 36.1    Improvised  Barker vacuum 
pack   variant using Kerlix and nasogastric 
tubing. Photo curtsey of Dr. R. J. Mullins       
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enterocutaneous fi stulae from continuous suc-
tion application to the abdomen and skin edges. 
To date, there have been no studies to demon-
strate clear superiority between the improvised 
and commercial devices [ 1 ]. 

 The  ABThera    is   a recent commercial addi-
tion to the management of the open abdomen. 
Its differences include the use of multiple 
sponges that are placed into the recesses of the 
abdomen that provides suction throughout the 
abdomen. There is some prospective evidence 
that there may be a survival benefi t from the use 
of this type of commercial device to other 
improvised devices [ 8 ]. See Fig.  36.2a, b .

36.2         Indications 

 The indications for placement of a TAC  device   
are essentially the inability to close the abdomen 
primarily at the end of the operative case. The 
reasoning for this inability to close the abdomen 
may include:

•    Desire to leave abdomen open for concern for 
or presence of intra-abdominal hypertension 
or compartment syndrome or high airway 
pressures.  

•   The need for further reoperation or exploration 
of the abdomen including bowel  discontinuity 
second-look  operations  , edema, or retroperito-
neal hemorrhage.     

36.3     Contraindications 

 Absolute: hemodynamic  instability   where open-
ing the abdomen would not be benefi cial and 
most likely harmful. 

 Relative: the need to evaluate the abdominal 
contents in a patient with hemodynamic instabil-
ity where evaluation and possible therapeutic 
treatment would be benefi cial.  

36.4     Preparation 

 As for any procedure done in the ICU, determine 
 the   need for anesthesia, appropriate sedation, 
analgesia, and chemical paralysis, as well as addi-
tional operative support personnel including extra 
nursing staff and respiratory care. Appropriate 
equipment should be readily available at the bed-
side including electrocautery and warm irrigation 
fl uid. If bowel resection or other interventions 
may be done, have the appropriate instruments, 
sutures, and devices readily available. 

 Prepare for blood loss and the need for resus-
citation during the procedure with available 
blood products and appropriate resuscitation 
fl uid. Determine the appropriate dressing device 
in order to have all the equipment at the bedside. 
Suction devices should be readied and commer-
cial devices available in the room if used. 

 If this is a re-exploration or TAC dressing 
change, it is highly recommended to review the 

  Fig. 36.2    ( a, b ) The  ABThera device  , a commercial NPWT device       
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previous operative notes to determine if there are 
any packs or other retained material or devices in 
the abdomen. Our institution requires a sticker to 
be placed on the external TAC abdominal dress-
ing that lists retained contents as well as docu-
mentation in the chart. This additional layer of 
safety is intended to prevent retained foreign 
objects in conjunction with an abdominal X-ray 
at time of closure of  the   fascia (Fig.  36.3 ).

   Perform appropriate time-out according to 
institution practice. This assures correct person-
nel, equipment, and operative plan including 
review of consent if not an emergent procedure.  

36.5     Procedure 

 While this  procedure is   generally done in an 
operating room setting, it can be done safely and 
effi ciently in the ICU setting both in stable 
patients and the severely critically ill (Fig.  36.4 ).

   We will describe the steps for placing the 
 ABThera device  , a commercial NPWT device. This 
is our institutions’ preferred commercial NPWT 
device. In general the steps are similar in nature 
between both improvised and commercial devices.

    1.    Remove the current TAC device by fi rst 
removing the adhesive dressing and then the 
abdominal dressings. Take care in the 
removal of the abdominal dressing to assure 
there are no adhesions of the TAC to the 
bowel. Normal saline or other irrigation fl uid 
may be used to help loosen any adhesions. If 
staples were used to hold the sponge or towel 
to the skin, a staple remover or mosquito for-
ceps may be used to remove them from the 
fi eld. Assure proper disposal of the staples 
(Figs.  36.5  and  36.6 ).

        2.    Prep and drape the abdomen in the standard 
fashion.   

   3.    Explore the abdomen and perform necessary 
evaluations and interventions. If applicable, 
count retained lap pads or devices removed 
and note additional inserted packs (Fig.  36.7 ).

       4.    Once the operative stage is completed, the 
patient is readied for the TAC. The wound 
and surrounding skin is cleaned and dried. 
The TAC device selected is made available.   

   5.    The ABThera device is then sized. The 
device may be folded or trimmed to fi t into 
the pericolic gutters. If there are drains that 
need to be laid in the area, cut only between 
the sponge arm extensions to accommodate 

  Fig. 36.3     Retained   surgical item sticker       

  Fig. 36.4     Combined   chest and abdominal procedure 
done in the intensive care unit       
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the drains. If the device needs to be smaller 
in size, cut between the foam square exten-
sion and pull the tab portion to assure that 
there is no exposed foam. Exposed foam 
may injure bowel and abdominal contents. 
It is our preference not to cut the device 
given the risks.   

   6.    Place the device onto  the   abdominal cavity 
and with the dressing held up by the edge 
lower and place the dressings into the perico-
lic gutter. Retractors may be needed to help 
achieve proper placement. Use the other 
hand to bring the dressing down into the gut-
ter. Fold any excess layer up (Fig.  36.8 ).

       7.    The sponge is then placed on the abdomen 
and the sponge is sized and trimmed accord-
ingly if needed (Figs.  36.9  and  36.10 ).

        8.    The sponge is then secured to the skin. The 
device can either be stapled in place or 
secured along the edges with the adhesive 
dressing. We prefer to secure with the adhe-
sive dressing (Fig.  36.11 ).

       9.    Once the sponge edges are fi xed in place, the 
center portion is secured with the remaining 
dressing. The suction pad is then obtained and 
the suction site determined. It is critical to 
place the suction pad in a convenient spot, 
usually in the lower midline abdomen, and 
point the suction drains in an inferior direc-
tion. Small superfi cial lacerations (approxi-
mately a 2 cm area) are then made into the 
plastic covering and into the sponge (less than 
a 0.25 cm depth) in order to allow the effl uent 
to be removed from the sponge (Fig.  36.12 ).

       10.    The suction pad is secured in place over this 
hole and then attached to suction. With the 
suction applied, there should be a noticeable 
change of appearance in the dressing to that 
of a shriveled raisin. It should be fi rm. The 
amount of negative pressure applied to the 
device should be between 75 and 125 mmHg. 
If there is concern for fi stulae or bowel 
injury, the lower pressures should be 
selected.    If there is no concern, then the 
higher suction can be selected to remove 
effl uent from the abdomen (Fig.  36.13 ).

  Fig. 36.5    Removal  of   staples using mosquito clamps       

  Fig. 36.6     Removal   of internal drape       

  Fig. 36.7     Operative   irrigation of the open abdomen       
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  Fig. 36.8    Tucking  the   ABThera into the abdomen       

  Fig. 36.9    Sizing of  the   sponge       

  Fig. 36.10    Trimming  the   sponge       

  Fig. 36.11     Securing   the sponge       

  Fig. 36.12     Suction   pad in place       

  Fig. 36.13    TAC device  holding   suction       
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       11.    Once the device is holding pressure, the 
remaining dressings and barriers may be 
removed and the area cleaned. The proce-
dure is then terminated.    

36.6       Complications 

 The following is a list of  potential   complications 
from application of a TAC:

•    Loss of effl uent removal and loss of accurate 
volume measurement from suction failure.  

•   Potential contamination of the peritoneal space.  
•   Direct injury to bowel leading to enterocuta-

neous fi stulae. Prevent this by covering any 
anastomosis with omentum or other viscera to 
avoid direct suction from the TAC.  

•   Abdominal muscle contraction and loss of 
domain.  

•   Direct injury to wound edges or other vessels 
causing bleeding.  

•   Hypovolemia and shock from volume loss of 
the effl uent. This may progress to or be mani-
fested as acute kidney injury or failure.  

•   Evisceration or complete failure of the TAC.  
•   Abdominal compartment syndrome and intra- 

abdominal hypertension.     

36.7     Pearls/Pitfalls 

 A patient with a TAC device in place can still 
develop abdominal hypertension and  compart-
ment   syndrome. The  provider   must be vigilant 
and alert to this phenomenon and be prepared to 
remove the TAC and fully open the abdomen if 
the patient has clinical symptoms [ 9 ]. 

 If the TAC device is not holding appropriate 
suction or there is a leak in the system, the patient 
and the device should be evaluated by the pro-
vider in a timely fashion. Assessment for leaks 
begins with holding down around the adhesive 
draping to determine if that is the source of the 
leak. If one is found, then additional drape strips 
or adhesive dressings may be applied to seal. In 
commercial devices, the suction port is a poten-
tial site of clogging or failure and may be in need 

of replacement. The sponge is sometimes 
occluded with blood or the suction hole is not 
large enough and requires revision and replace-
ment. Leaks in the tubing or canister also need 
investigation. Finally, the vacuum device may be 
faulty requiring replacement.  

36.8     Conclusion 

 Knowledge of and comfort with removal and 
replacement of a TAC device are important for 
the providers taking care of the critically ill or 
injured patient. Knowledge of the procedure and 
troubleshooting failures in the system can alert 
the provider to problems and the need for early 
interventions such as hemorrhage control and 
abdominal compartment syndrome.     
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      Fracture Immobilization 
and Splinting                     

     Beth     O’Connell       and     Michael     Bosse    
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37.1           Principles of  Splinting   

 The basic principles for splinting are universally 
accepted:

    1.    Immobilize fracture site or reduced disloca-
tion to provide pain relief and assist with 
infl ammatory process/edema resolution.   

   2.    Protect against further soft tissue damage.   
   3.    Correct and prevent deformity.     

 A thorough and complete physical examina-
tion, including appropriate review of necessary 
radiographs, is fundamental in diagnosis and 
determination of splinting needs. Once the frac-
ture pattern is recognized, the skin and soft tissue 
have been evaluated, and appropriate analgesia is 
provided, the patient is ready for fracture or dis-
location reduction and splinting. 

 Extremity  immobilization   can be achieved 
via an off-the-shelf device or with bedside fab-
ricated plaster or fi berglass splints. 
Prefabricated knee immobilizers, walker boots, 
Velcro wrist splints, slings, etc. are convenient 
and universally stocked in medical institutions 
for sprains and nondisplaced fracture care. 
These are easily placed by any healthcare pro-
vider and allow  removal   for daily needs and 
evaluation of soft tissues. 

 However, for displaced fractures, injuries 
with soft tissue compromise, or in the setting of 
signifi cant edema,  fi berglass   or  plaster splinting   
is usually preferred. Although both mediums are 
commonly employed for  immobilization  , there 
is no data to suggest superiority of either mate-
rial. An understanding  of   and respect for the 
principles and techniques of splint placement is 
paramount. Achieving and maintaining fracture 
reduction is vital for skin integrity and pain con-
trol. Immobilization of the joint above and below 
is necessary when addressing diaphyseal 
fractures.  

37.2     Materials 

 If the fracture is  not   of a pattern that can be 
treated with a prefabricated splint, knowledge 
and skill in the techniques of making and apply-
ing a splint made from plaster or fi berglass are 
required. Basic splinting materials include:
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•     Basin or bucket with room temperature water .  
•    Cast padding  is utilized for skin protection and 

padding of bony prominences under splint mate-
rial. When placed, it should overlap by 1/2 width 
to ensure total coverage of underlying skin. For 
splints, multiple layers are recommended.  

•    Plaster  is available in rolls or splint strips of 
varying widths. The material is made by impreg-
nating crinoline with Plaster of Paris. Once 
dipped into room temperature water, the powder 
forms a solid substance and releases heat (an 
exothermic reaction) during the setting process. 
Drying time varies by the number of layers 
used, water temperature, and room temperature 
[ 5 ]. The provider must be thorough in process 
yet quick with the placement in order to assure 
desired position before the plaster hardens.  

•    Fiberglass  is a lighter-weight product available 
in prefabricated rolls already padded. It can 
then be measured, cut, moistened per manufac-
ture’s instruction, and placed appropriately.  

•    Bias wrap  is a stretchable cloth material used as 
the fi nal layer of the splint. Because of the pos-
sible circumferential compression, ACE wrap 
and like bandages are not recommended.  

•    Tape .    

 If a formal  orthopedic   consult is unavailable for 
a prolonged time, displaced and angulated frac-
tures must be reduced to restore proper alignment 
of extremity, relieve pain, and decompress the 
related soft tissues. Sedation and/or a hematoma 
block might be required. Once patient comfort is 
achieved, the extremity is ready for splinting. The 
non-circumferential placement of plaster or fi ber-
glass allows for continued swelling to occur with-
out fear of vascular or skin compromise and 
complication, as  opposed   to immediate casting. 
Soft tissue concerns can be easily monitored to 
ensure constant evaluation while continuing to 
maintain reduced position. With an upper extrem-
ity fracture, ensure that any bracelet or rings are 
removed. Once swelling to the hand or digits 
occur, they can risk further vascular compromise 
and diffi culty. Attempt removal with any lubricant. 
At times, a ring cutter is necessary.  

37.3     Application Techniques 
for Commonly Used Upper 
and Lower Extremity Splints 

 The actual order  and   process of splint placement 
is the same regardless of location or type. Cast 
padding is placed around the location of the 
planned plaster or fi berglass splint. Allow for 
extra padding over bony prominences (elbow, 
ankle, heel) to avoid breakdown or pressure. 
Once ensured, take premeasured plaster strips 
(usually 10–12 layers) or prefabricated fi ber-
glass and dip into room temperature water, 
squeezing out the excess. Apply the splint mate-
rial to injured area over cast padding and wrap 
with the bias. Avoid wrapping too tightly. Ensure 
desired position, holding until fully hardened. 
Tape to secure. 

 Once the splint has set, inspect to ensure that 
both the proximal and distal ends are well padded 
and the associated skin is  fully   protected. Repeat 
a full neurovascular exam to ensure no change in 
status post procedure.  

37.4     Common Splinting 
Techniques [ 1 – 4 ] 

37.4.1      Thumb Spica   

 Indicated injuries for  use   include fracture or liga-
mentous injury to thumb, fi rst metacarpal fractures, 
scaphoid fractures, and radial styloid fractures. 

 Positioning—extend wrist to 20° and abduct 
thumb, hand in neutral position. 

 Technique—place cast padding from the 
level of the interphalangeal (IP) joint of the 
thumb to the proximal 1/3 of the forearm. Once 
full skin protection is ensured, take premea-
sured wet and stripped plaster and apply to 
radial border of thumb and forearm leaving IP 
joint of thumb free. Wrap plaster with bias dis-
tally from IP joint, proximally to forearm. 
Avoid wrapping too tightly. Ensure desired 
position and allow plaster to set. Tape to 
secure (Fig.  37.1 ).
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37.4.2         Ulnar Gutter Splint   

 Indicated injuries  for   use include: fourth/fi fth 
metacarpal fractures, fracture, or ligamentous 
injuries to ring or small fi nger. 

 Positioning—extend wrist 20–30° with fl exed 
metacarpophalangeal (MCP) joint 70–90°. 

 Technique—place 4 × 4 gauze between small and 
ring fi nger for webspace protection. Use cast pad-
ding to wrap the two fi ngers  together   and continue 
proximally up the hand, utilizing the fi rst webspace 
for hand integration, up to the proximal 1/3 of the 
forearm. Once full skin protection is ensured, take 
premeasured wet and stripped plaster and apply to 
ulnar border of the hand and forearm overlapping 
the volar and dorsum of the small and ring fi ngers. 
Wrap plaster with bias from the distal IP joint  proxi-
mally   up the hand to forearm. Avoid wrapping too 
tightly. Ensure desired position and allow plaster to 
set. Tape to secure (Figs.  37.2  and  37.3 ).

37.4.3          Radial Gutter Splint   

 Indicated injuries for  use   include fractures of 
index or long fi nger and second or third meta-
carpal fractures. 

 Positioning—extend wrist 20–30° with fl exed 
MCP joints 70–90°. 

 Technique—place 4 × 4 gauze between 
index and long fi nger for webspace protection. 

  Fig. 37.1     Thumb   spica         Fig. 37.2    Ulnar  gutter   splint       

  Fig. 37.3    Ulnar  gutter   splint—example of wrist exten-
sion and fi nger fl exion       
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Use cast padding to wrap the two fi ngers 
together and continue proximally up the hand, 
utilizing the fi rst webspace for hand integra-
tion, up to the proximal 1/3 of the forearm. 
When completed, take the plaster and cut a dis-
tal longitudinal slit to allow for the thumb to be 
excluded from splint. Once full skin protection 
is ensured, take premeasured wet and stripped 
plaster and place to the radial aspect of the 
forearm with the distal portion including the 
volar and dorsal aspect of the index and long 
fi ngers. The remaining digits should be free. 
Wrap plaster with bias from the distal IP joint 
proximally up the hand to forearm.    Avoid 
wrapping too tightly. Ensure desired position 
and allow plaster to set.    Tape to secure.  

37.4.4      Sugar-Tong Forearm Splint   

 Indicated injuries for use  include   distal radius 
fractures, isolated or both bone fractures of the 
radius and ulna. It is used to prevent forearm 
rotation of the wrist or elbow. 

 Ensure no extreme fl exion of the wrist, as this 
can result in median nerve compression. 

 Positioning—fl exion of elbow at 90°, neutral 
position of wrist and hand. 

 Technique—place cast padding beginning dis-
tally at the palm of the hand, leaving the MCP joints 
free, and extend proximally to include the elbow. 
Ensure extra padding at bony prominence over the 
olecranon. Once full skin protection is ensured, take 
premeasured wet and stripped plaster and apply one 
end to the volar aspect of the hand at the mid-pal-
mar crease. Bring the plaster around the elbow and 
extend it up to the dorsum of the hand in a U shape, 
leaving the MCP joints free. This position and elim-
ination of digits should allow for full fi nger motion. 
Wrap plaster with bias distally from MCP joints 
proximally to elbow. Avoid wrapping too tightly. 
Ensure desired position and allow plaster to set. 
Tape to secure (Fig.  37.4 ).

37.4.5         Posterior Long Arm Splint   

 Indicated injuries for  use   include elbow fractures, 
postreduction of an elbow dislocation, or distal 
humerus fractures. A posterior component may 

be utilized in conjunction with a sugar-tong splint 
for unstable elbow fractures. 

 Positioning—it may depend on the injury, but 
typically includes fl exion of elbow at 90° with 
neutral positioning of the forearm and wrist. 
Ensure no extreme elbow fl exion, as this is asso-
ciated with ulnar nerve compression. 

 Technique—use cast  padding   to wrap from 
wrist crease to the proximal 1/3 of the humerus. 
Entire hand will be free. Ensure extra padding 
over bony prominence of olecranon. Once full 
skin protection is ensured, take premeasured wet 
and stripped plaster and apply one end to the ulnar 
aspect of the wrist, proximally up the forearm and 
over the elbow to the posterior aspect of the 
humerus. Wrap plaster with bias.    Avoid wrapping 
too tightly. Ensure desired position and allow 
plaster to set. Tape to secure (Figs.  37.5  and  37.6 ).

37.4.6         Coaptation Splint 
for Humerus Fractures 

 Indicated injury for use  includes   displaced mid-
shaft humerus fractures. 

 Positioning—if spine is cleared, elevate head 
of bed 70–90° to assist with fracture length, 
elbow in fl exion at 90°. 

  Fig. 37.4    A sugar- tong   forearm splint       
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 Technique—coaptation splints are best 
achieved with two or even three sets of skilled 
hands. Begin with placing cast padding at proxi-
mal forearm and move up the humerus and over 
the shoulder to include distal clavicle. Ensure 
that bony prominence over olecranon is well 
padded. Place one end of premeasured wet and 
stripped plaster in the axilla and wrap it down 
under the elbow in a U shape, up and over the 
shoulder nearing the end of plaster at the base of 
the neck. Recommend wrapping the ends of the 

splint both at the axilla and over the shoulder 
with an abdominal pad or extra cast padding to 
ensure skin protection. Wrap plaster with bias. 
Avoid wrapping too tightly. Axial traction 
would then be held through the elbow and a val-
gus mold placed on the humerus for fracture 
reduction. A hand placed fi rmly on the splint 
over the shoulder is helpful during the traction 
and mold placement, in order to keep the splint 
from slipping. If the plaster is not extended over 
the distal clavicle,    immobilization of the shoul-
der joint is not achieved. Ensure desired posi-
tion and allow plaster to set. Tape to secure.  

37.4.7     Short Posterior and Sugar- 
Tong (Stirrup) Leg Splints 

 Indicated injuries for use  include    stabilization   
of severe ankle sprains, metatarsal and midfoot 
fractures, ankle fractures, and distal tibia frac-
tures. The sugar tong, or stirrup component, 
increases the stability of splint and prevents 
inversion, eversion, and plantar fl exion of 
the ankle. 

 Positioning—for placement of splint, use fl ex-
ion of knee to allow relaxation of the gastrocne-
mius, and hold the ankle in neutral position (90°). 
This is very important with long-term splints in 
order to prevent an equinus ankle contracture. 

 Technique—with the leg held in position as 
described above, use cast padding to wrap 
from toes proximally to tibial tuberosity. 
Ensure attention to padding over bony promi-
nences of the medial and lateral ankle and heel. 
Place premeasured wet and stripped plaster, 
applying posterior slab from metatarsal heads 
just distal to popliteal fossa (allows unob-
structed motion of knee) (Fig.  37.7 ). The 
sugar-tong (stirrup) piece is then added to the 
medial and lateral aspects of the calf wrapping 
under the plantar aspect of the foot, terminat-
ing just below the fi bular head to avoid com-
pression of peroneal nerve (Figs.  37.8  and 
 37.9 ). Wrap plaster with bias. Avoid wrapping 
too tightly. Ensure ankle  remains   at 90° and 
allow plaster to set. Tape to secure.

  Fig. 37.5     Posterior   long arm splint       

  Fig. 37.6     Posterior   long arm splint       
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37.4.8           Long Leg Splint   

 Indicated injures  for   use included proximal or mid-
shaft tibia fractures, knee injuries (postreduction of 
dislocations, ligamentous injury), distal femur frac-
tures, and patella fractures. 

 Position—10° of knee fl exion and neutral 
position of ankle at 90°. 

 Technique—with provider holding gentle 
axial traction at ankle with leg elevated, and if 
available, a second assistant supporting leg at the 
thigh with support under fracture site, place cast 
padding from toes to proximal thigh just distal to 
gluteal crease. Ensure that proper bony promi-
nences of ankle and heel are well padded. Place 
posterior portion of premeasured wet and 
stripped plaster from metatarsal head to proxi-
mal posterior thigh. If ankle  immobilization   is 
required for fracture pattern (midshaft tibia frac-
ture), add a long sugar tong (stirrup) as previ-
ously described and extend the medial and lateral 
portion proximally to the distal femur. This 
ensures immobilization of both ankle and knee 
joints. With proximal tibia or distal femur frac-
tures, you may opt to place short side slabs of 
plaster to immobilize knee when ankle is not 
necessary. Wrap wet plaster with bias. Avoid 
wrapping too tightly. Ensure desired position 
and allow to harden. Tape to secure.  

37.4.9     Bulky Jones 

 Indicated injuries for use  include   calcaneus frac-
tures, ankle injuries, or fractures with signifi cant 
swelling. 

 The actual plaster or fi berglass portion is sim-
ply a short posterior slab splint. The purpose of 
bulky cast padding is intended for foot/ankle 
fractures with notable swelling potential and to 
ensure appropriate padding to heel with calca-
neus fractures. 

 Position—for placement of splint, use fl exion 
of knee to allow relaxation of gastrocnemius and 
neutral position (90°) of ankle. With some frac-
ture patterns and those with operative needs, 
swelling and pain may be such that a fully neutral 
position may not be attained and slight equinus is 
accepted. 

 Technique—with the leg held in position as 
described above, use cast padding to wrap from 
metatarsal heads proximally to tibial tuberosity. 
Ensure attention to padding over bony promi-
nences of medial and lateral ankle and heel 

  Fig. 37.7    Sugar-tong  leg   splint—application of posterior 
slab       

  Fig. 37.8    Wrapping the sugar-tong/ stirrup   portion       

  Fig. 37.9    Lateral view of sugar tong/ stirrup         
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(Fig.  37.10 ). The bulky Jones dressing is added 
by fanning out one complete roll  of    cast   padding 
and placing this over the heel and both the medial 
and lateral malleoli. A short posterior splint will 
then be added as described above terminating at 
the proximal tibia posteriorly just distal to the 
popliteal fossa to allow full knee motion 
(Fig.  37.11 ). Wrap plaster with bias (Fig.  37.12 . 
Avoid wrapping too tightly. Ensure desired posi-
tion and allow plaster to set. Tape to secure.

37.5           Splinting Complications 

 Although splint  placement   in educated and prac-
ticed hands may be seen as a benign procedure, it 
can cause complications. Attention to detail dur-
ing placement and careful notation of the fi nished 
product is vital to ensure safety. 

  Burns [ 5 ,  6 ]     Both plaster and fi berglass splint 
materials harden via a chemical (exothermic) 
reaction that produces heat. The strength pro-
vided by the splint is directly correlated to the 
layers of material used. Therefore, the more lay-
ers used, the more heat is produced at an increased 
risk of burning a patient’s skin. If hot water is 
used for dipping, more heat is generated leading 
to an increased risk of burns. Adequate skin pro-
tection with cast padding in combination with 
room temperature water use is imperative in 
order to avoid thermal burns. Careful attention 
must be directed to patient concerns and com-
plaints of signifi cant and painful warmth after 
splint is completed. Have a  low   threshold for 
removal and revision if no relief is achieved.  

  Compartment Syndrome     A  compartment syn-
drome is   a condition in which increased pressure 
within a confi ned space compromises the  contents 
of that space. Although most common in the 
lower extremities and with circumferential 
 casting, it must be respected that splinting can 
cause some degree of extremity compression, 
resulting in further limitation of the available 
space. In addition to fracture site bleeding, swell-
ing and infl ammation are normal responses to 
trauma. Frequent neurovascular exams must be 
performed on any patient splinted.  

  Contractures     In the acute setting,  most   splints 
are placed with the anticipation of early interven-
tion or fi xation. However, if long-term splinting 

  Fig. 37.10    The  bulky Jones padding  . Note padding to 
bony prominences and heel       

  Fig. 37.11    Short posterior splint of the bulky  Jones         

  Fig. 37.12    Bias applied to the bulky  Jones         
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is anticipated, close attention must be placed to 
the unaffected joints surrounding the fracture 
site. Any unnecessary joints must be left free to 
allow unrestricted range of motion. Otherwise, 
contractures may develop contributing to further 
immobility and  functional   defi cit.  

  Skin Compromise     A thorough evaluation of the 
patient’s skin condition prior to splint placement 
is included in the initial exam.  Risk   of acute skin 
compromise may occur to areas of pressure 
whether from fracture pattern or splint material. 
Adequate protection of bony prominences will 
decompress and prevent further decline of tenu-
ous soft tissues. Frequent monitoring or sched-
uled skin checks are encouraged for those deemed 
at risk. If in doubt of padding suffi ciency, add 
more.  

  Nerve Compression     Final position of the 
injured extremity when splinted is essential. 
Specifi c angles are provided above in  application   
techniques to assist with deterrence of nerve com-
pression secondary to prolonged positioning and/
or pressure. For example, if a wrist is hyperfl exed 
and remains splinted for a prolonged course, com-
pression of the median nerve could occur and 
become a complication not from injury but from 
splint positioning. Similarly, a hyperfl exed elbow 
with long arm splints could lead to compression 
and symptoms of the ulnar nerve. Special atten-
tion must be given to fi nal positioning of splint in 
order to avoid splint-related nerve symptoms.  

  Orthopedic   injuries are very common in the 
trauma population, and they will require appro-
priate  immobilization  . A thorough physical 
examination, review of radiographs, realignment 
of fracture if displaced, and  correct   choice of 
splint based upon injury will be required of the 
treating orthopedic team. Given the various types 
of immobilization, practice really does make per-
fect. Special attention must be given after com-
pletion to ensure skin protection and correct 
position in order to avoid complications.     
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      Fracture Management: Basic 
Principles                     

     Jenna     Garofalo      and     Madhav     Karunakar   

38.1           Fracture Management: Basic 
 Principles   

 Although no two fractures are identical, the same 
general principles apply when managing all types 
of fractures. Once a fracture is identifi ed, it is 
classifi ed as nondisplaced or displaced. 
Nondisplaced fractures refer to those types where 
the bone is anatomically aligned and maintains 
alignment without undergoing a formal reduction 
or manipulation. These types of fractures heal 
well with immobilization in a splint, cast, or 
brace. Displaced fractures are characterized by 
fracture patterns where the bone fragments are 
not in anatomic position and thus require a reduc-
tion maneuver to achieve improved alignment. In 
addition to improving patient comfort, it is 
important to reduce and immobilize fractures in a 
timely manner to minimize motion of the fracture 
fragments. This prevents further trauma to the 
surrounding muscles, soft tissues, and other 
underlying structures. 

 Reduction can be achieved in many ways 
depending on the type and severity of the  fracture, 
the patient’s underlying medical comorbidities, 

and any associated injuries. Noninvasive tech-
niques of fracture manipulation are frequently 
used and include splinting, casting, or bracing. 
Other nonoperative and minimally invasive meth-
ods of reduction include skin and skeletal trac-
tion. More invasive reduction techniques involve 
both external and internal fi xation. This chapter 
will focus on  skeletal   traction and external fi xa-
tion, both of which are commonly utilized in the 
acute care setting.  

38.2     Traction 

 When a bone is  fractured   or a joint is dislocated, 
the surrounding muscle spasm and contract, pull-
ing the proximal and distal ends of the fracture. 
This causes further displacement of the fracture, 
limb shortening, and rotation. To counteract this, 
traction is one method used to maintain adequate 
limb length and gross fracture alignment. This 
technique is particularly useful in stabilizing long 
bone fractures, such as femoral shaft (Fig.  38.1 ), 
proximal femur and hip fractures, pelvic and ace-
tabular fractures (Fig.  38.2 ).

    Traction creates an opposing longitudinal or 
axial force that is applied to the affected extrem-
ity to counteract the muscle contraction that is 
causing the displacement of the fracture frag-
ments. This technique counteracts these dis-
placing forces and aligns the fracture and 
provides stabilization and immobilization until 
the fracture is amenable to defi nitive fi xation.  
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38.3     Skeletal Traction 

  Skeletal traction is a more   invasive method of 
reduction that involves the insertion of a  Kirschner 
wire (K-wire) or Steinmann pin   through the bone. 
K-wires are smaller in diameter and require a ten-
sion bow with traction setup, while Steinmann 
pins are larger in diameter and a non-tension bow 
is used. There are several sites where this method 
of traction is used including the skull for unstable 

cervical spine injuries, distal femur, proximal 
tibia, distal tibia, calcaneus, and olecranon. For 
the purpose of this chapter, temporary skeletal 
traction of the distal femur and proximal tibia will 
be described in greater detail. One advantage of 
using skeletal traction over less invasive methods 
of traction is that it provides a more direct force to 
the fracture fragments allowing for a better reduc-
tion [ 1 ]. Skeletal traction can be performed at the 
bedside with local anesthetic with relative ease.  

38.4     Materials and  Supplies   

     1.    K-wire (Fig.  38.3 ) or Steinman pin tray 
(Fig.  38.4 )—contents are facility specifi c but 
should include pins or wires, drill, hammer, 
bow, and pliers

        2.    Sterile gloves   
   3.    Betadine or ChloraPrep   
   4.    Scalpel   
   5.    Sterile towels   
   6.    4 × 4 gauze   
   7.    1 % Lidocaine   
   8.     Syringe   and needle   
   9.    Tape     

38.4.1     Skeletal Traction: Distal Femur 

 Distal femoral traction  is   most often indicated in 
acetabulum fracture dislocations, complex pelvic 
ring injuries including sacroiliac joint fracture 
dislocations, and proximal femur fractures. In 
patients with diaphyseal fractures of the femur 
and ipsilateral injury to the knee or proximal 
tibia, distal  femoral traction   is utilized as well 
since proximal  tibial traction   is contraindicated 
with these associated injuries [ 1 ].   

38.5     General Considerations 

•     Obtain  radiograph   of the entire femur prior to 
placement to confi rm traction pin is not inserted 
through a fracture or bony abnormality.  

•   Adequately identify landmarks, and always 
insert pin from medial to lateral to avoid injury 
to surrounding neurovascular structures [ 1 ]. If 

  Fig. 38.1    Displaced  femoral   shaft fracture       

  Fig. 38.2    Hip dislocation with contralateral comminuted 
 proximal   femur fracture       
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inserted too distal, there is an increased risk of 
entering the knee joint at the intercondylar 
notch. Conversely, if inserted too proximal, 
there is a risk of damaging the neurovascular 
structures, such as the femoral artery [ 2 ].  

•   Traction  pin   should be inserted parallel to the 
knee joint [ 2 ].  

•   It is important to have someone help hold the 
patient’s extremity in neutral alignment to 
ensure proper placement of traction pin.     

38.6     Technique 

     1.    With  patient   supine, position the affected 
extremity in neutral alignment, with knee 
fl exed 30° over a bump and with the toes and 
patella pointing toward ceiling.   

   2.    Identify the superior margin of the patella, and 
palpate along the medial aspect of the distal 
femoral condyle. The insertion point will be 
approximately 2 cm (2 fi ngerbreadths) proxi-
mal to the superior margin of the patella, and 
2 cm medial, just proximal to the medial epi-
condyle or adductor tubercle (Fig.  38.5 ) [ 2 ]. 
Note that in an obese patient, these measure-
ments will need to be adjusted to ensure that 
insertion point is in the middle of the bone.

       3.    Once the bony landmarks are identifi ed, and 
marked if needed, begin preparing your ster-
ile fi eld and the extremity. Often, patients 
present with a temporary traction splint from 
the emergency department. Leave the 
extremity in traction during the procedure, 
but ensure that the sides are cut back or 
adjusted to allow adequate access.   

   4.    Administer a local bolus of anesthetic to both 
the entrance (Fig.  38.6 ) and exit (Fig.  38.7 ) 

  Fig. 38.3     Kirschner   wire tray (clockwise from left: ten-
sion bow, hammer, scalpel, drill, K-wire)       

  Fig. 38.4    Steinman  pin   with non-tension bow       

  Fig. 38.5    Skin markings  indicating   insertion point of 
K-wire       
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points of the traction pin. The exit point will 
be on the lateral side of the distal femur, 
directly across from the insertion site.  Use 
  approximately 5 mL Lidocaine per side. 
Make sure to penetrate Lidocaine down to the 
bone. Cleanse area with Betadine or 
ChloraPrep solution, and drape surrounding 
portions of extremity with sterile towels, 
leaving only the immediate area exposed 
(Fig.  38.8 ) [ 3 ].

         5.    Select the appropriate K-wire pin size (usu-
ally 2 mm) or Steinmann pin (usually 4 mm) 
and place into drill [ 4 ].   

   6.    Make a small stab incision using scalpel at 
insertion site along the medial aspect of the leg.   

   7.    Insert K-wire into incision. Make sure wire 
is centered on bone. You may need to use the 
wire to identify the anterior and posterior 
cortices of the bone to locate center. Once 
appropriate position is confi rmed, begin 
advancing using the drill (Fig.  38.9 ). Be sure 
that hand and drill are parallel to the bed to 
ensure pin is advancing in a straight line. 
Once the pin passes through the medial cor-
tex, it will advance easily until it reaches the 
lateral  cortex. When the tip of the pin exits 
the bone and tents the skin, make a small 
stab incision to expose the end of the pin.

       8.    Remove the drill. Using the hammer, lightly 
tap the medial end of the pin until there are 
equal parts of the pin exposed on both sides 
(Fig.  38.10 ). Do not hammer the pin through 

  Fig. 38.6    Injection of Lidocaine  into   insertion point of 
K-wire, medial aspect of distal femur       

  Fig. 38.7    Injection of Lidocaine  into   the projected exit 
point of the K-wire, lateral aspect of distal femur       

  Fig. 38.8     Extremity   prepped in sterile fashion       
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the bone; this could cause fracture around 
the pin site ([ 5 ], p. 122).

       9.    Attach bow to the traction pin and give it a 
gentle tug to make sure it is secure before the 
weights are attached.   

   10.    Bend, cut, or cap the exposed portion of 
the traction pin to prevent injury from the 
sharp ends.   

   11.    Wrap the towels around the bow to protect 
the soft tissues and bony prominences from 
pressure once weights are attached.    Never 
leave bow lying directly on the leg, as this 
could cause skin breakdown and necrosis.   

   12.    For an average-sized adult, the lower extrem-
ity can tolerate approximately 20 % of the 
individuals’ body weight, which is usually 
20–25 pounds of countertraction. This is 
applied using a trapeze and pulley apparatus 
attached to the patient’s bed [ 1 ].     

38.6.1     Skeletal Traction: Proximal 
Tibia 

 Proximal tibial traction is most often used in 
patients with diaphyseal fractures of the femur. 
This method is  contraindicated   in patients with 
associated fractures of the proximal tibia or liga-
mentous injuries to the knee. In addition, it should 
never be used in children as it could damage phy-
seal bone, causing asymmetric closure of growth 
plates, resulting in deformity to the extremity [ 2 ].   

38.7     General Considerations 

•     Obtain  radiograph   of the knee prior to proce-
dure to confi rm that traction pin is not inserted 
through a fracture or bony abnormality.  

•   Adequately identify landmarks for pin inser-
tion. Always insert traction pin from lateral to 
medial to avoid injury to the common pero-
neal nerve [ 2 ].  

•   It is important to have someone help hold the 
patient’s extremity in neutral alignment to 
ensure accurate placement of traction pin.     

38.8     Technique 

     1.    With patient supine, position the affected 
extremity in neutral alignment, with the toes 
and patella  pointing   toward ceiling 
(Fig.  38.11 ).

     Identify the patella, patellar tendon, tibial 
tuberosity (Fig.  38.12 ), and the fi bular head, 
where the common peroneal nerve is located 
posteriorly; these will serve as the landmarks 
for proper pin insertion [ 6 ]. If needed, use a 
skin marker to identify the landmarks.

     2.    Measure 2.5 cm distal to the level of the tib-
ial tuberosity (Fig.  38.13 ) and 2.5 cm poste-
rior to the tibial tuberosity (Fig.  38.14 ) (aka 
1–2 fi ngerbreadths) [ 2 ]. This will be the 
insertion site of the traction pin.

        3.    Once the bony  landmarks   are identifi ed, and 
marked if needed, begin preparing your ster-
ile fi eld and the extremity. Often, patients 
present with a temporary traction splint from 
the emergency department. Leave the 
extremity in traction during the procedure, 

  Fig. 38.9    K-wire  advancing   through medial cortex of the 
distal femur       

  Fig. 38.10    Gently  hammering   K-wire       
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but ensure that the sides are cut back or 
adjusted to allow adequate access 
(Fig.  38.11 ).   

   4.    Administer a local bolus of anesthetic to 
both the entrance and exit points of the trac-
tion pin. The exit point will be on the medial 
side of the proximal tibia, directly across 
from the  insertion   site. Use approximately 5 
mL Lidocaine per side. Make sure to pene-

trate Lidocaine down to the bone. Cleanse 
area with Betadine or ChloraPrep solution, 
and drape surrounding portions of the 
extremity with sterile towels, leaving only 
the immediate area exposed [ 3 ].   

   5.    Select the appropriate K-wire pin size (usu-
ally 2 mm) or Steinmann pin (usually 4 mm) 
and place into drill [ 4 ].   

  Fig. 38.11    Trauma  patient   with lower extremity in tem-
porary traction splint       

  Fig. 38.12     Tibial tuberosity         

  Fig. 38.13    2.5 cm distal  to   tibial tuberosity       

  Fig. 38.14    2.5 cm posterior  to   tibial tuberosity       
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   6.    Make a small stab incision using scalpel at 
insertion site along the lateral aspect of the 
leg.   

   7.    Insert K-wire into incision. Make sure wire is 
centered on bone. You may need to use the 
wire to identify the anterior and posterior cor-
tices of the bone to locate center. Once appro-
priate position confi rmed, begin advancing 
using the drill (Fig.  38.15 ). Be sure that hand 
and drill are parallel to the bed to ensure pin 
is advancing in a straight line. Once the pin 
passes through the lateral cortex, it will 
advance easily until it reaches the medial cor-
tex. When the tip of the pin exits the bone and 
tents the skin, make a small stab incision to 
expose the end of the pin (Fig.  38.16 ).

        8.    Remove the drill. Using the hammer, lightly 
tap the lateral end of the pin until there are 
equal parts of the pin exposed  on   both sides 
(Fig.  38.17 ). Do not hammer pin through the 
bone as this could cause fracture at the pin 
site ([ 5 ], p. 122).

       9.    Attach the bow to the traction pin and give it 
a gentle tug (Fig.  38.18 ) to make sure it is 
tight before the weights are attached.

       10.    Bend, cut, or cap the exposed portion of the 
traction pin to prevent injury from the sharp 
ends (Fig.  38.19 ).

       11.    Wrap the towels around the bow to protect 
the soft tissues and bony prominences from 

pressure once weights are attached. Never 
leave bow lying directly on the leg, as this 
could cause skin necrosis.   

   12.    For an average-sized adult, the lower extrem-
ity can tolerate approximately 20 % of the 
individuals’ body weight, which is usually 
20–25 pounds of counter traction. This is 

  Fig. 38.15    Insertion of  proximal   tibia tissues traction 
pin—lateral to medial       

  Fig. 38.16    Traction  pin   tenting medial soft tissues       

  Fig. 38.17    Hammering of K-wire  pin   once lateral end 
exposed       
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applied using a trapeze and pulley apparatus 
attached to the end of the patient’s bed [ 1 ].      

38.9     External Fixators:  Principles   

 Frequently in the acute care setting, patients sustain 
fractures as a result of high-energy mechanisms. 
These fractures may be comminuted, displaced, 
and have associated soft tissue, nerve, or vascular 
injuries that require timely stabilization in the oper-
ating room (Fig.  38.20 ). In the event that the patient 
cannot undergo defi nitive internal fi xation, whether 
it be due to soft tissue injury or concomitant comor-
bidities, an external fi xator has proven to be an 
appropriate alternative.

   An external fi xator is essentially a scaffold 
that stabilizes and aligns fractures using exter-
nal pins/wires, bars/rods, or rings and clamps. 
These devices are used to treat fractures in a 
variety of ways, with the primary goal being to 
restore anatomic length, alignment, and rotation 
Acutely, external fi xators are used to temporar-
ily or provisionally stabilize fractures until the 
patient’s physiologic state or  soft   tissues sur-
rounding the fracture are amenable to internal 
fi xation. In individuals with multiple comorbid-
ities from a medical or trauma standpoint, and 
who are unable to undergo operative fi xation, 
and in fractures that are unable to achieve 

  Fig. 38.18    Gentle tug  of   bow       

  Fig. 38.19    Bow attached  to   K-wire       

  Fig. 38.20    Lower leg  with   fracture and overlying soft 
tissue injury       
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 adequate reduction with casting or bracing, 
external fi xators can function as defi nitive treat-
ment (Figs.  38.21  and  38.22 ).

38.10         External Fixators: Indications 

 While internal fi xation  is   the ultimate goal when 
discussing operative fi xation for the majority of 
fractures, it is often not optimal as the initial 
treatment plan. As previously mentioned, in the 
unstable polytrauma patient, defi nitive fracture 
management is often delayed and requires 
staged fi xation until adequate resuscitation has 
been achieved, especially in the setting of trau-
matic brain or chest injury. In these instances, 
the approach of damage control orthopedics 
(DCO) is put to use [ 7 ]. General trauma and 
orthopedic surgeons have adapted the basic con-
cepts of damage control, which was a method 
initially utilized by the United States Navy, and 
applied it as a method used to manage patients 

in the acute care setting. DCO involves the ini-
tial  stabilization of “major orthopedic injuries to 
stop the cycle of ongoing musculoskeletal injury 
and to control hemorrhage” primarily with the 
use of external fi xation ([ 7 ], p. 543). External 
fi xators are particularly appealing for use in 
polytrauma patients with orthopedic injuries 
requiring rapid stabilization as the application 
of this device is minimally invasive, can be 
applied rapidly (often in the intensive care unit 
in the severely injured patient), and results in 
minimal blood loss [ 8 ]. 

 When indicated,  external fi xators can   be used 
to treat essentially every type of fracture. The 
most common fracture patterns this device is 
used on include intra- articular fractures of the 
distal and proximal tibia, severely comminuted 
long bone fractures, unstable knee dislocations, 
intra-articular distal femur fractures, unstable 
pelvic ring injuries, and complex intra-articular 
fractures involving the wrist and elbow. 

  Fig. 38.21    Radiograph of  severely   comminuted proxi-
mal tibia and fi bula fracture       

  Fig. 38.22    Proximal tibia  fracture   treated defi nitively in 
an external fi xator due to comminution and severe soft tis-
sue injury        
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 External fi xators are also used for fractures 
with associated soft tissue injuries, including 
open fractures with complex, contaminated 
wounds, and for closed fractures with signifi cant 
soft tissue swelling or tissue compromise. The 
zone of injury not only pertains to the fracture 
itself but also to the surrounding tissues, which 
must also be considered when determining the 
appropriate course of treatment. Open fractures 
are at an increased risk of developing a deeper 
soft tissue and/or bony infection [ 1 ]. In open frac-
tures with severe soft tissue injury or contamina-
tion (Figs.  38.23  and  38.24 ), initial treatment 
with internal fi xation may not be the optimal 
choice for the patient. The advantage of using 
external fi xators in fractures with associated open 

wounds is that the fracture can be manipulated 
and stabilized away from the actual site of injury, 
minimizing further contamination and trauma to 
the tissues (Fig.  38.25 ) [ 9 ,  10 ].

     The device also allows the provider and nurs-
ing staff easier access to the wounds for assess-
ment and dressing changes. 

 The orthopedic patient’s journey does not end 
once they are discharged from the acute care set-
ting. Often, in a patient who sustained injury to 
an extremity that required complex limb salvage, 
reconstruction is needed  to   correct the resultant 
deformity. External fi xators can also be utilized 
to improve angular and rotational deformities 
associated with fracture malunion and substantial 
limb length discrepancies that result in cases with 
signifi cant bone loss (Figs.  38.26  and  38.27 ; 
Table  38.1 ) [ 8 ].

38.11          External Fixators: 
Components and Mechanics 

 External fi xators can be confi gured in a wide 
variety of ways to stabilize the fracture while 
accommodating the patient’s associated  soft 

  Fig 38.23    Patient with  a   severe soft tissue injury with 
gross contamination       

  Fig. 38.24    Initial  radiographs   showing displaced diaphy-
seal tibia and fi bula fractures       

  Fig. 38.25    Radiographs  showing   provisional fi xation 
with external fi xator and antibiotic nail       
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  tissue injuries and body habitus. As external 
fi xators have continued to evolve, the same 
basic materials are used to build each frame. 
These devices are constructed using pins or 
wires (Fig.  38.28 ), clamps (Fig.  38.29 ), and 
bars or rings (Fig.  38.30 ).

     Pins and wires serve to attach the fi xator to 
the bone. There are several different pin 
types available, including different lengths and 

  Fig. 38.26     Radiograph   demonstrating substantial bone 
loss from the midshaft of the tibia extending distal to the 
ankle joint       

  Fig. 38.27    Open fracture  with   associated soft tissue injury       

   Table 38.1     Indications for   external fi xators [ 8 ,  10 ]   

 •  Severely comminuted long bone fractures (e.g., 
tibial shaft and femur fractures) 

 •  Open fractures with soft tissue injury (Fig.  38.27 ) 

 •  Complex, intra-articular fractures (e.g., Pilon, tibial 
plateau, distal femur, distal radius, and distal 
humerus fractures) 

 •  Unstable pelvic ring injury (e.g., open book pelvis 
injury) 

 •  Closed fractures with soft tissue injury 

 •  Unstable ligamentous injuries (knee and elbow 
dislocations) 

 •  Fractures with signifi cant bone loss 

 •  Critically ill patient unable to tolerate operative 
procedure 

 •  High-risk patient for defi nitive treatment with 
internal fi xation 

 •  Reconstruction 

    – Malunion 

   – Nonunion 

   – Arthrodesis 

   – Osteomyelitis 

 •  Deformity correction 

   – Limb lengthening 

   – Congenital deformities 

   – Acquired deformities 

  Fig. 38.28       Pins       
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diameters, threaded or smooth pins, and many 
offer varying degrees of tapering. Most are 
made of stainless steel or titanium. The general 
rule is to select a pin whose diameter is less 
than 1/3 the diameter of the bone; selecting the 
appropriate pin diameter helps to decrease the 
risk of associated pin site fracture [ 9 ]. Clamps 
attach the pins or wires to the rods or rings of 
the frame. They also can attach two or more 
rods together, as seen with spanning external 
fi xators. The bars or rings make up the frame 
itself. Bars span the fracture, stabilizing the 
proximal and distal fragments.  

38.12     Frame Types 

 There are several different  types of   external fi xa-
tion devices, each one able to be tailored to the 
location of injury, the fracture pattern, and to the 
patient. Fixators function to stabilize fractures 
by compression, distraction, or applying neutral 
forces [ 9 ]. The basic types of fi xation devices 

include standard frames, joint spanning and 
articulated frames, and circular frames. Standard 
frames are primarily used to treat diaphyseal 
fractures, or fractures of the long bones, includ-
ing the tibia, femur, humerus, and forearm, and 
allow for joint range of motion. Conversely, 
spanning external fi xators are used for intra-
articular fractures or in injuries with ligamentous 
instability, vascular injuries, or severe soft tissue 
compromise (Fig.  38.31 ).

   With this type of fi xation, the affected joints 
are immobilized to promote stability of the site of 
injury and surrounding tissues, to facilitate heal-
ing. Articulated frames are also utilized in liga-
mentous injuries, such as knee dislocations, and 
intra-articular fractures, although they do allow 
range of motion in the affected joint. These frames 
are more specialized with more specifi c indica-
tions than other devices. Circular or ring fi xators, 
such as the Ilizarov frame, are used for limb sal-
vage in severe acute injuries to the lower extrem-
ity and in cases of limb reconstruction or deformity 
correction. These frames are usually more com-
plex and utilize rings, bars, struts, and telescoping 
rods (Figs.  38.32 ,  38.33 , and  38.34 ) [ 9 ].

     Struts are used to correct angular deformities, 
and telescoping rods are used for distraction to 
repair bone defects or limb length discrepancies. 
These techniques involve active participation by 
the patient, as they follow a program to adjust the 
struts and bone transporters on their own, mainly 
in the outpatient setting (Fig.  38.35 ).

   As research and technology continues to 
evolve, the implications for further use of exter-
nal fi xators has become more commonplace in 
acute care hospitals worldwide.  

  Fig. 38.29       Clamps       

  Fig. 38.30    Ring  and   bars       
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38.13     Advantages 

 External fi xators have  become   paramount in 
DCO due to their wide variety of indications, 
ease of application, and ability to stabilize frac-
tures and soft tissues in the injured extremity. In 
the critically injured, polytrauma patient, these 
devices offer a minimally invasive solution to 
temporarily and effectively manage their ortho-
pedic injuries until defi nitive treatment is ame-
nable (Fig.  38.36 ). These devices provide 
stabilization away from the injury site, minimiz-
ing further damage to surrounding neurovascular 
supply [ 10 ].

38.14         Disadvantages 

 As with any type of fi xation,  external fi xators   have 
several associated risks. One common complica-
tion is pin site infections, which range in severity 
from superfi cial drainage from the pin tract, sur-

rounding cellulitis, or deeper infections such as 
osteomyelitis [ 8 ]. Pin tracts provide a direct link 
from the outside environment to the bone and 
thereby can increase incidence of infections. 

  Fig. 38.31    Bilateral  spanning   external fi xators in a poly-
trauma patient with associated soft tissue and vascular 
injury       

  Fig. 38.32    Ring  fi xator   utilizing struts       

  Fig. 38.33    Ring  fi xator   utilizing struts—lateral view       
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Increased tissue mobility around the pin site also 
increases infection risk [ 8 ]. Usually pin site infec-
tions are superfi cial and localized, presenting with 
erythema around the pin site and purulent drain-
age. Once identifi ed, early pin tract infections can 
be easily treated with proper hygiene, a short 
course of antibiotics, or removal of the pin or wire 
involved [ 8 ]. If the soft tissues are irritated due to 
increased mobility, wrapping a dressing around 
the pin site will help decrease tissue motion [ 8 ]. In 
cases where pin site infections track deeper into 
the bone, formal debridement or curettage of the 
pin site is often required coupled with antibiotic 
therapy [ 8 ]. If untreated, superfi cial pin site infec-
tions can progress to osteomyelitis. Early identifi -
cation of pin tract infections is critical to 
minimizing further progression and long-term 
complications. Educating the patient, their fami-
lies and caretakers, and clinical staff on the signs 
of potential pin site infection is important once 
discharged from the acute care setting. It is crucial 
to educate the patient and their families that keep-
ing the pin sites clean and dry and minimizing tis-
sue mobility, along with daily showers, are 
imperative to preventing pin site infections [ 8 ]. 
Institutions vary on specifi c methods of daily pin 
site care, but good basic hygiene is the underlying 
goal. Patients are encouraged to shower daily and 

  Fig. 38.34    Ring  fi xator   utilizing telescoping rods for 
distraction       

  Fig. 38.35    Ring  fi xator   used on a patient with limb length 
discrepancy as a result of bone loss from a prior trauma       

  Fig. 38.36     Temporary   external fi xation due to associated 
soft tissue injury       
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cleanse both the affected extremity and the device 
with warm soapy water (Table  38.2 ).

   While the relative stability of these devices is 
advantageous, if the construct is too rigid, the 
risk on fracture nonunion occurs. Bony callus is 

stimulated by micromotion at the fracture site. 
Without localized motion,  callus   formation is 
impaired and the fracture does not heal causing 
delayed or nonunion ([ 5 ], p. 130). Additional 
potential complications include fracture mal-
union, joint stiffness, injuries to surrounding 
nerves and vasculature, compartment syndrome, 
and hardware failure [ 8 ,  11 ].     
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39.1           Introduction 

 The procedure to check compartment pressures 
is relatively simple and is a quick way to  ascertain 
if further workup may be needed. The reliability 
of the measurement can vary depending on the 
experience of the operator, so familiarity with 
your department’s equipment is essential. In the 
lower leg, there are  four compartments   that may 
be at risk. Many texts advocate checking all four 
compartments for documentation purposes; how-
ever, a positive result in one or two compartments 
is a suffi cient evidence to justify surgical inter-
vention in the form of a  fasciotomy  . 

 The cause of  compartment syndrome   is often 
due to a posttraumatic event such as an acute crush 
injury or fracture or postoperative swelling, but it 
can be seen in other instances as well. These 
include  chronic exertional compartment syn-
drome  , chronic myeloid leukemia in children [ 1 ], 
abdominal compartment syndrome after a hip 
arthroscopy [ 2 ], burns and some bleeding disor-
ders or medications, as well as bandages or casts 
that are too tight. Gunshot wounds have also been 

shown to be a relatively common cause of this 
condition in both the upper and lower extremities 
[ 3 ]. To be sure, many of these are quite rare, but in 
the critical care setting, it is important to recognize 
the signs and symptoms of the condition in order 
to treat a potentially rapidly developing problem. 

  Chronic exertional compartment syndrome   is 
seen more often in athletes today and can be a 
 long-term, recurring issue [ 4 ]. Upper extremity 
compartment syndrome, which is also quite rare, 
has been seen more often with the increase in pop-
ularity of  Crossfi t-type activities   [ 5 ]. It can also be 
seen in motocross racers and in the intensive care 
setting from infi ltrated intravenous lines or from 
radial arterial lines. Also, in the ICU setting, 
 traction has been shown to cause lower extremity 
compartment syndrome after acute tibial fracture 
[ 3 ]. Traction causes the fascia to tighten, lowering 
the compartment volume. You can see how trouble-
some this would be in a patient that already has 
lower compartment volume due to  traumat  ic 
swelling.  

39.2     Indications for  Measurement   

 Compartment syndrome is an expansion-type 
injury within a closed space that does not allow 
for that expansion. If untreated this will result in 
compromised tissue perfusion and could lead to 
permanent damage to the nerve and muscular 
structures underneath [ 6 ]. The lower leg is the 
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most common and will be discussed here, but 
other sites include the hands, feet, forearm, 
thighs, buttocks, and abdominal cavity [ 7 ,  8 ]. 
The classic signs and symptoms of a patient 
who develops compartment syndrome include a 
fairly recent injury as described above, pain out 
of proportion to the fi ndings on exam, increas-
ing need for pain medicine, and pain on passive 
stretch on exam. Paresthesias may also be an 
early sign. The other classic symptoms are 
pulselessness, pallor, and poikilothermia; how-
ever, these are all late signs and irreversible 
damage may have already occurred. These 
symptoms are classically known as the “5 Ps” of 
compartment syndrome. In acute injury, the 
onset of symptoms can happen within 4–10 h 
but have been seen occurring as late as a week 
after the injury. In the obtunded patient, clinical 
suspicion should be high in extremities that 
demonstrate any of the “5 Ps” with an appropri-
ate antecedent history. Chronic conditions caus-
ing compartment syndrome can cause symptoms 
for years before a patient seeks treatment [ 4 ].  

39.3      Contraindications   

 There are no absolute contraindications in 
 compartment syndrome measurement. It is rec-
ommended to avoid areas of open wounds and 

cellulitis on the overlying skin. As with all 
invasive procedures, there is a small risk of 
infection that can usually be negated by using 
proper technique. Due to the devastating 
sequelae of untreated compartment syndrome, 
practitioners should have a very low threshold 
to measure compartment pressures if there is 
suspicion of an emerging compartment 
syndrome.  

39.4      Preparation   

 There are many measurement kits on the mar-
ket. All work in largely the same way and use 
similar technique. Familiarize yourself with 
the specifi c kit used at your facility prior to 
attempting this procedure. The compression 
syndrome kit should be well located and within 
easy reach (Fig.  39.1 ).

   The  Stryker kit   is the most common kit used to 
check for compartment syndrome. It includes the 
measuring device, the side-ported, noncoring 
needle, diaphragm compression chamber with 
one-way valve, and sterile saline come prepack-
aged together (Figs.  39.2 ,  39.3 , and  39.4 ).

     The monitor itself is not sterile, but the needle 
and fl uid pathway are. The provider should 
always use sterile technique and keep the area of 
skin penetration as sterile as possible. The com-

  Fig. 39.1    An  example   of a 
compression syndrome kit 
station       
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pleted kit should be opened and assembled as per 
the  instructions   of the kit (Figs.  39.5  and  39.6 ). It 
is also important to always remember to zero out 
the monitor prior to use (Fig.  39.7 ).

39.4.1         Procedure: Patient Position 
and Comfort 

 Most patients are already  quite   uncomfortable 
when they present with the signs or symptoms of 
compartment syndrome. Pain levels can range 

from moderately uncomfortable to excruciating. 
Advancing a large needle into an area that is 
already very painful will only serve to increase 
their pain. Prior to the procedure, the site should 
be prepped with chlorhexidine or iodine 
(Fig.  39.8 ). Whenever possible, it is wise to anes-
thetize the area with a local anesthetic. 1–2 cc of 
1 % lidocaine plain should be suffi cient. Take care 
to stay in the superfi cial layers of the skin as deep 
infi ltration may raise intracompartmental pres-
sures, skewing the results. The patient’s leg should 
be elevated off the table so that the pressure from 

  Fig. 39.2    The  Stryker 
kit         

  Fig. 39.3    The Stryker 
monitor and  spare   battery       
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  Fig. 39.4    Diaphragm 
 chamber  , needle, and prefi lled 
syringe       

  Fig. 39.5     Preassembly         
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  Fig. 39.6    The assembled 
 Stryker   monitor       

  Fig. 39.7    Zeroing  the 
  monitor       

the leg lying on the table does not contribute to a 
falsely elevated pressure measurement. This is 
especially important with the reading being bor-
derline positive.

39.4.2        Site Selection and Prep 

 There are four  main   compartments in the lower leg 
that need to be considered when symptoms appear: 

the anterior compartment, lateral  compartment, 
and deep and superfi cial posterior compartments 
(Fig.  39.9 ).

   For entry into the anterior compartment 
(Fig.  39.10 ) or any compartment, the needle 
should enter the skin in a position that is 
nearly perpendicular to the compartment being 
tested. The extremity being tested should 
also be at the level of the heart whenever pos-
sible [ 8 ].
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   Pierce the skin until you feel the needle goes 
through the facial layer, usually 1–3 cm [ 8 ] 
(Fig.  39.11 ). Hold the monitor still and inject a 
small amount of saline. Usually 0.2–0.3 ml of 
saline is enough.

   Entry to the lateral compartment is below the 
entry site of the anterior compartment. Note the 
position of the previous anterior compartment in 
Fig.  39.12 .

   From the approach in the previous fi gure, it is 
possible to reach the deep and superfi cial com-
partments (Fig.  39.13 ).

   The criterion for a positive result in com-
partment syndrome measurement varies by 
source. In fact, animal models have shown suf-
fi cient perfusion with an absolute pressure of 
59 mmHg [ 9 ]. The three most common criteria 
used are an absolute measurement of 30 or 
above, the perfusion pressure method, or an 
intracompartmental pressure within 20 mmHg 
below the diastolic pressure [ 8 ] (Fig.  39.14 ). 
The perfusion pressure method is the patient’s 
current diastolic blood pressure minus the intra-
muscular pressure. For the perfusion pressure 
method, a value less than 30 mmHg is consid-
ered a positive result [ 7 ].

   If one or all of the compartments come back 
with a positive result, the provider should arrange 
for an urgent  fasciotomy  . This is usually done in 
an Operating Room (OR) setting but can be done 
sterilely at bedside in remote or austere conditions 
with the proper equipment, medications, and 
training. While discussion of the technique of fas-
ciotomy is not within the scope of this chapter, it 
is important to remember the importance of 
achieving at least 90 % release of  the   compart-
ments if a fasciotomy is to be done [ 10 ].   

39.5     Complications 

 Complications of this  procedure   are exceedingly 
rare. The most common reason for getting an 
inaccurate result is due to misuse or lack of famil-
iarity with the equipment.  

39.6     Pearls 

 Depressing the plunger too quickly and 
obstructing the needle with tissue after pulling 
the syringe back can cause falsely elevated 

  Fig. 39.8    Perping  the   insertion site.  Note : This patient’s 
leg had already been prepared for surgery. Shaving of hair 
is not necessary for a rapid measurement of compartment 
syndrome       

  Fig. 39.9    The compartments.    The upper left is the ante-
rior compartment, and the lower left is the lateral com-
partment; the right shows access to the deep and the 
superfi cial posterior compartment       
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results [ 8 ]. In all cases, clinical exam must 
trump the measurement in cases where, even 
though the result was not positive, the patient’s 
symptoms are consistent with compartment 
syndrome.  

39.7     Conclusion 

 Compartment syndrome is a rare condition but 
must be evaluated quickly when symptoms pres-
ent. This article has shown a reliable method in 

  Fig. 39.10    Entry into the 
 anterior   compartment       

  Fig. 39.11    Insertion  into   the 
skin       
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  Fig. 39.12    Entry  into   the 
lateral compartment       

  Fig. 39.13    Deep  and 
  superfi cial site entry       
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  Fig. 39.14    Example  of   a 
positive test result using the 
absolute method       

which to check compartment pressures using a 
common device. The procedure is quite safe and, 
with practice, very reliable.     
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40.1           Introduction 

 The use of fasciotomy for  compartment syn-
drome   has been described in countless articles 
and chapters as the only reliable method for treat-
ment of acute compartment syndrome. In 1881, 
Volkmann described the relationship between 
ischemic events and late muscle contractures [ 1 ]. 
Dr. Paul Jepson demonstrated ischemic contrac-
ture in animals and that this may be prevented by 
prompt surgical decompression in 1924 [ 2 ]. 

 Acute compartment syndrome is a surgical 
emergency and is defi ned as an elevation of the 
 interstitial pressure   in a closed osteofascial com-
partment that results in the decline in perfusion to 
the tissues of that compartment and eventual 
necrosis [ 3 ,  4 ]. This can result from blunt, crush, 
or penetrating trauma, exercise, reperfusion, pro-
longed immobilization, hematoma, intra-arterial 
injection, or massive fl uid resuscitation. 

 The compartment’s pressure can increase due 
to enlargement of the tissues within the compart-
ment, such as reperfusion, or  constriction   of the 
compartments as in casting the limb. In reality it 
can take little pressure to make this happen. 
Hartsock et al. found a reduction in capillary 

infl ow occurs at about 25 mmHg in rat models 
[ 5 ]. Most literature describes necessity to per-
form a release when the pressure exceeds 
30 mmHg [ 6 ]. While normal pressures are about 
10 mmHg, no defi nitive pressure measurement 
has been identifi ed. 

 Irreversible damage has been described to be 
dependent upon perfusion pressure, more spe-
cifi cally when compartment pressures reach 
within 10–30 mmHg of the patient’s diastolic 
pressure [ 7 ]. Two additional studies validated 
this pressure to be 30 mmHg with no missed 
cases including “unnecessary fasciotomies or 
signifi cant complications” of acute compartment 
syndrome [ 3 ,  8 ,  9 ]. 

 The diagnosis of acute compartment syn-
drome has been classically described as the  fi ve 
Ps  : pain, pallor, pulselessness, paralysis, and 
paresthesia. The pain may be deep, burning, and 
constant. The patient often does not want to 
touch or move the limb. 

 Indications for fasciotomy have been 
described with clinical symptoms and signs of 
“pain out of proportion to palpation,” passive 
stretch of the compartment’s muscles, and 
increased narcotic demand with tense swelling 
and paresthesia. In all honesty, if the limb has 
loss of sensation or pulses, the critical point of 
recognition has already lapsed. 

 Flynn et al. looked at acute traumatic  compart-
ment syndrome   in the pediatric population in two 
large tertiary care centers and noted that the average 
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time from injury to fasciotomy was 20.5 h. This 
raises the concern of proper diagnosis early and that 
speedy intervention occurs. Time delays can be 
seen across varying institutions [ 10 ]. 

 If the clinical diagnosis can be made, then sur-
gical intervention should be performed expedi-
tiously. If there is still doubt, pressures can be 
taken. A transducer is connected to a  catheter   and 
inserted into the muscle bed via aseptic tech-
nique. There are several pressure measurement 
devices available. The more common devices are 
the Stryker  Intracompartmental Pressure Monitor 
System  , arterial line manometer, and Whitesides 
apparatus. These were all tested by Boody et al. 
with straight needle, side-port needles, and slit 
catheters. Their fi ndings were that the arterial 
line manometer with a slit catheter showed the 
best correlation, while the Whitesides apparatus 
with the side-port needle showed the worse 
results. Overall the side port needles and slit cath-
eters were more accurate than straight needles 
and that the arterial line manometer was the most 
accurate device with the Stryker being very accu-
rate as well [ 11 ].  

40.2     Treatment 

 Although defi nitive treatment is compartment 
release with fasciotomy, there are some conser-
vative measures that can be performed. These 
include identifying and removing any constric-
tive dressings, devices, and other compressive 
items to expose the skin of the affected limb [ 3 ]. 

 Further the limb should be level with the heart 
and not elevated. Elevation may decrease perfu-
sion to the tissues although this is counterintui-
tive, with most cases of  edema   [ 12 ]. 

 Further, the patient must be assessed for hypo-
volemia, metabolic acidosis, and myoglobinemia. 
This is most important to reduce the incidence of 
 renal failure  . Intravenous fl uids should be given 
and regular labs drawn and monitored. The 
patient should maintain normotension, again for 
reducing the rate of hypoperfusion [ 3 ]. 

 Medicinal management is uncommon. There 
was a case study for mannitol treatment in the 
setting of  acute compartment syndrome  , but this 

was in the setting of  heat stroke and dehydration   
[ 13 ]. Trauma or prolonged ischemia requires sur-
gical intervention. 

 The team must also be prepared for “crush 
syndrome” and its associated renal injury from 
myoglobinuria. Crush syndrome, also known as 
 traumatic rhabdomyolysis  , was fi rst described by 
British doctor Eric Bywaters during the London 
Blitz [ 14 ]. When encountering thigh compart-
ment syndrome, the mechanism of injury often 
leads to this condition. 

 When a fasciotomy is performed, it requires 
an adequate incision and facial release. Minimally 
invasive exposures should only be done by 
extremely knowledgeable staff as the full length 
of the fascia can be missed with the longitudinal 
incisions. All compartments must be released 
with preservation of vital structures, and a 
through debridement must be undertaken at the 
time of initial intervention and with subsequent 
debridements. 

 Remember to be liberal in obtaining consults 
from vascular, orthopedic, and plastic surgery 
when seeing these patients. Many times these are 
complex cases, and any fasciotomies undertaken 
must be performed with adequate supervision. 
Hand, foot, and buttock fasciotomies will not be 
discussed in detail due to their distinct specializa-
tion and need for expert intervention. 

 Fasciotomies are not performed when the 
extremity is nonviable from prolonged tissue 
ischemia, the patient is too unstable to tolerate 
intervention primarily from unstable  hypoperfu-
sion  , and there is a large crush injury involving 
large portions of the tissue groups. 

 A clinically cold extremity with muscle rigor, 
complete neurological loss, and absent infl ow by 
Doppler is known as grade 3 ischemia. This is 
irreversible and is generally contraindicated for 
reperfusion or other limb salvage.  

40.3     Lower Extremity 

 If only one compartment is affected, it can be 
treated with a single incision and release. This is 
not recommended as most cases involve a greater 
cross section. In cases with arterial compromise 
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and trauma, decompression of all major compart-
ments must be pursued. 

 There was debate of a single- vs. double- 
incision fasciotomy in the 1970s. In World War 
II, two incision fasciotomies were standard of 
care [ 14 ]. In 1967 a fi bulectomy through a sin-
gle incision was advocated. The concern was 
that two incision fasciotomies neglected to 
fully decompress the deep posterior compart-
ment [ 15 ]. This is no longer advocated due to 
risk of damage to the  peroneal artery and 
nerve   [ 16 ]. 

 It was Murbarak and Owen who championed 
the double-incision fasciotomy and showed its 
effectiveness and advantages over fi bulectomy 
[ 17 ]. It is recommended by the British Orthopaedic 
Association and British Association of Plastic, 
Reconstructive and Aesthetic Surgeons [ 3 ]. 
 In the calf there are four  anatomical compartments  :

    1.    Anterior compartment: the tibialis anterior, 
extensor digitorum longus, extensor hallucis 
longus, and peroneus tertius with the anterior 
tibial artery and deep peroneal nerve.   

   2.     Lateral compartment  : the peroneus longus 
and brevis with peroneal nerve branches from 
the anterior compartment.   

   3.     Posterior superfi cial compartment  : the gastro-
soleus complex with tibial nerve branches and 
arterial fl ow provided by the popliteal artery 
and posterior tibial and peroneal arteries.   

   4.     Posterior deep compartment  : the tibialis poste-
rior, fl exor hallucis longus, and fl exor digito-
rum longus with the tibial nerve and posterior 
tibial and peroneal artery blood supply.    

  Two incisions are made, one medially and 
the other laterally. Each measures about 15 cm 
in length. A scalpel with  electrocaudery   can 
make the initial incision and dissection. The 
facial tissue should be cut with smooth-ended 
scissors like a  Metzenbaum  . The scissors 
should be angled slightly away from the muscle 
as not to bury the cutting edge into the tissue 
and inadvertently causing injury. Without mov-
ing the handles, the instrument can be pushed 
along the length of the incision from proximal 
to distal. This is similar to opening a cardboard 

box or cutting a wrapping paper. The medial 
incision is made about 2 cm medial to the tibial 
margin in a similar location to popliteal artery 
exposure. The length of the incision is depen-
dent upon the extent of muscle  protrusion/
edema  . However, this cannot be the sole judge 
as with revascularization procedures the edema 
may increase throughout the immediate postop-
erative period. The  saphenous vein and nerve   
should be  identifi ed and injury be avoided. The 
superfi cial posterior compartment is opened by 
releasing the gastrocnemius fascia in a longitu-
dinal fashion from proximal to distal. The deep 
posterior  compartment is decompressed by 
dividing the attachments of the soleus muscle 
from the tibia. 

 The lateral incision is set between the shaft of 
the fi bula and the crest of the tibia. The incision 
then is made over the intramuscular septum of 
the anterior and lateral compartments. The sep-
tum is palpable and feels like a dimpling of the 
tissue between the two muscle groups. The ante-
rior compartment is decompressed and then the 
lateral fascia. The most common injury is to the 
common  peroneal nerve and superfi cial peroneal 
nerve  . Having the lateral incision too proximal to 
the tibial plateau or lateral  condyle   can injure the 
common peroneal nerve and, in many patients, 
the superfi cial nerve which rests in the septum of 
the anterior and the lateral intramuscular 
compartments. 
 In the thigh there are three compartments:

    1.     Anterior compartment  : the quadriceps   
   2.     Posterior compartment  : the hamstrings   
   3.     Medial compartment  : the adductor muscles     

 A single lateral incision is commonly used as 
the lateral compartment is the one typically 
involved. Blunt trauma, crush injuries, and 
femur fracture are the most common causes [ 3 ]. 
A single lateral incision originating just distal 
from the intertrochanteric line and extending to 
the lateral epicondyle of the femur. The IT band 
and fascia of the vastus lateralis are incised the 
length of the skin incision to decompress the 
anterior compartment. The posterior compart-
ment is  decompressed by refl ection of the vastus 
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lateralis muscle medially, incising the intramus-
cular septum. The medial compartment is 
decompressed through a second incision overly-
ing the adductor muscle group.  

40.4     Upper Extremity 

 In the forearm there are three compartments:

    1.     Mobile wad  : the brachioradialis, extensor 
carpi radialis longus, and brevis muscles, with 
the radial artery and nerve   

   2.     Volar compartment  : the superfi cial and deep 
fl exors, with the ulnar artery and nerve and 
median nerve   

   3.     Dorsal compartment  : the extensor muscles     

 The radial or ulnar  pulses   are usually intact as 
their pressure of 120 mmHg is usually greater 
than the compartment pressures. This again is an 
unreliable marker for intervention. Most elevated 
pressures will be found in the volar compartment. 
Two separate incisions are often made to decom-
press the arm. Failure to do so may result in 
Volkmann’s contracture, a permanent fl exion of 
the hand at the wrist with the hand and fi ngers 
forming a claw. 

 Map out the medial aspect. From this position 
you can address the major nerve structures and 
expose the vascular beds to repair if necessary. If 
the clinical situation requires fasciotomy of the 
upper arm or hand and wrist, this can be taken in 
the same incision. 

 Start at the elbow and gently curve in an aug-
mented S shape, the incision extending fi rst out 
laterally and then coming medial with linear 
extension to the wrist. This can then join a lazy S 
of the hand if required and allow you to perform 
a  carpal tunnel   release if needed to preserve the 
median nerve. 

 From this location, the volar and mobile wad 
can be released. Using the same technique as 
described previously, a small incision can be 
made over the fascia with a snip of the scissors 
and then slide the cutting blades along the fascia 
to release. Separate muscle groups may require 
fasciotomies. Be careful not to injure the radial 

nerve and artery as you make a skin fl ap over the 
wrist. Skin fl aps in this location can cover the 
median nerve and other vascular structures of the 
carpal tunnel for protection. Often a simple series 
of cuts can be made to free the tissue laterally and 
dorsally. 

 The dorsal incision is then made. Make sure 
after release is performed, a manual check con-
fi rms the origin and insertion points have been 
reached and the fascia is completely released (see 
Fig.  40.1 ).

40.5        Wound Care 

 All fasciotomy incisions are left open. Even 
though there is a movement that advocates fas-
cial incision and then staple closure of the skin, 
complete tissue edema can take 24–48 h to occur 
and the muscle may require multiple debride-
ments. It is therefore recommended to leave the 
wounds packed with sterile gauze or negative 
pressure dressing. 

 Bleeding may occur postoperatively and neg-
ative dressing pressures should be set with this in 
mind. 70–90 mmHg rather than 125 mmHg  m  ay 
be employed. Do not place the vac dressing 
directly on the muscle surface. Apply Vaseline 
gauze or Adaptic dressing to the tissue before 
sponge. After 48 h, intermittent suction is thought 
to promote healing quicker. 

  Fig. 40.1    ( a ) The fascial tissue seen cut and separated. 
( b ) Muscle edema. Note how the muscle loses its structure 
once the fascia has been cut away       
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 If copious amount of drainage is experienced, 
the pressure may be increased to 150 mmHg or 
200 mmHg and then reduced back to 125 mmHg 
(see Fig.  40.2 ).

40.6         Closure   

 After the tissues become soft and are more mal-
leable, closure can be considered. A delayed sec-
ondary intention with wound vac or wet to dry 
dressings can be used. Split-thickness skin graft 
after an initial period of dressing changes is an 
alternative. The most ideal closure is primary. 

 Some recommend a shoe string technique that 
can be slowly tightened until closure. The initial 
sutures are run at the time of initial operation and 
then pulled closed as the edema resolves. This can 
be diffi cult given the need for tissue manipulation 
and pain management at the time of closure. 

 Others favor closure intraoperatively when 
tissues are able to be manipulated or local 
anesthetic with the vertical mattress- interrupted 

sutures. At times a skin fl ap needs to be demar-
cated. Granulation tissue can make this diffi -
cult to initially see. A fi nger can be run along 
the subdermal tissue and expose the planes 
between the fascia and subcutaneous tissue. 
Often freeing more generous amounts of sub-
cutaneous tissue from the fascia below allows 
for an easier closure. 

 Large 1-0 vicryl sutures can be used. Braided 
is also available. Silk tends to pull into the skin 
more. Make generous bites of tissue to avoid 
skin necrosis with tightening and allow for 
proper elevation of the incision edges. Once the 
suture is in place, cut a proper length for tying 
and place a snap as this will allow for multiple 
sutures to be placed and then closed at once 
much like the laces of a football. Once the tissue 
is closed, staples can be used to better approxi-
mate  th  e skin edges (see Figs.  40.3  and  40.4 ).

    If more lymphatic drainage becomes an issue, 
a “strip vac” may be employed.  

40.7      Chronic Issues   
After Fasciotomy 

 In a retrospective study of 60 patients who suf-
fered upper or lower extremity fasciotomies, many 
complained of chronic issues associated with the 
procedure and/or injuries [ 18 ,  19 ] including: 

 Ongoing pain relating to the wound 10 % 
 Altered sensation 77 % 
 Dry skin 40 % 
 Pruritus 30 % 
 Discoloration 25 % 
 Edema 25 % 
 Tethered scars 26 % 
 Recurrent ulceration 13 % 
 Muscle herniation 13 % 
 Tethered tendons 7 % 
 Stigmatizing scars 23 % 
 Change in hobbies 28 % 
 Change in occupation 12 % 
 Chronic venous insuffi ciency due to lack of calf 

pump utilization is additionally noted in many 
patients, perhaps due to the lack of reapproxima-
tion of the fascia at time of closure. This occurs in 
patients equally despite vascular  inj  ury [ 20 ,  21 ].  

  Fig. 40.2    Negative pressure dressing over fasciotomy 
site       

 

40 Fasciotomies



388

40.8      Medicolegal Complications   

 Acute compartment syndrome is an extremely 
contested issue if not properly diagnosed and 
treated in a timely manner. Most often compart-
ment pressures in these cases were not measured 
or measured incorrectly with malpositioning of 
the hardware. As stated previously, the diagnosis 
of compartment syndrome should be made clini-
cally, if any doubt, the treating practitoner should 

trust their judgement rather than a number that 
may have been obtained incorrectly and perfrome 
the intervention.  

40.9      Anticoagulation Therapy 
Contraindications   

 Many patients are on antiplatelets including aspi-
rin, Plavix and Aggrenox, or Pletal. There is no 
contraindication with any of these agents. 

  Fig. 40.3     Closure   using 
braided nylon sutures in 
interrupted fashion       

  Fig. 40.4    Closure with the 
skin approximated with staples       
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Warfarin is also easily reversed if needed with 
vitamin K or fresh frozen plasma (FFP). 

 There is however a growing concern over Xa 
inhibitors including Xarelto, Eliquis, and Lixiana. 
There are no known reversal agents and FFP has 
no effect given the direct factor-inhibiting effect. 
However, the risk of limb loss, chronic limb dys-
function, or death with compartment syndrome is 
so high intervention should likely take place with 
meticulous hemostatic techniques being used. In 
these cases negative-pressure dressings should not 
be applied. Skin edge bleeding must  b  e addressed 
and the use of thrombotic agents including Floseal, 
Tisseel, Surgicel, or StatSeal.  

40.10     Conclusion 

 Acute compartment syndrome is a medical 
emergency requiring quick clinical decision 
making and clear understanding of the anatomy 
for successful compartment decompression. All 
patients with a clinical suspicion should be scru-
tinized, and delay can result in signifi cant 
morbidity.     
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41.1           Amputations in the ICU 
Setting 

 Primary surgical amputation in the  intensive care 
unit (ICU)   is rare. However, in cases of severe 
 sepsis or progressive limb ischemia where 
 transportation to the operating room is of high risk, 
primary amputations can be seen. Causes are 
numerous, including diabetic foot infections, digi-
tary ischemia,  inotropic/vasopressor   use, embolic 
events, arterial line placement, and trauma. While 
each of these has its own risk profi le and treatment 
algorithms, the defi nitive intervention to eliminate 
the  necrotic tissue   in a hemodynamically unstable 
patient is the same. 

 Patients with diabetes are ten times more likely 
to have a  lower extremity amputation   [ 1 ]. With 
diabetes on the rise, the number of amputations 
attributed to diabetes is increasing as well. In 
2003, it exceeded the number attributed to arterial 
infl ow disease [ 2 ]. Although the number leveled 
off in 2005 to 71,000 [ 3 ], recent studies in Britain 
have demonstrated that the number of amputations 
attributed to  diabetes mellitus (DM)   type II is on 
the rise with a double in minor amputations and an 

increase of 40 % in major amputations. It is DM 
type I that has declined [ 4 ]. 

 In the  2012 Infectious Diseases Society of 
America Clinical Practice Guidelines for the 
Diagnosis and Treatment of Diabetic Foot 
Infections , infection should be considered in any 
 foot wound   in a patient with diabetes. It will be 
warm and erythemic and have edema present 
locally or the entirety of the limb. Pain may or may 
not be present in a patient with severe neuropathy 
and should not be considered highly infl uential in 
decisions for treatment management. 

 Further note secretions, friability, and  discolored 
granulation tissue. The odor may be important. 
Keep in mind that a deep musty, foul odor with a 
hint of sweet or fruity smell is classic for 
 Pseudomonas . This will often fi ll an examination 
room and only get worse with the removal of 
bandages. 

 A probe-to-bone test in which you take the back 
end of a q-tip and slide it through the sinus tract to 
the fi rm bone is indicative of likely  osteomyelitis   
[ 5 ]. With toe ischemia the great toe followed by the 
fourth toe is the most commonly affected in the 
diabetic population. 

 Wet  gangrene   is of particular concern in the dia-
betic patient. Unlike atherosclerotic arterial disease, 
most commonly associated with dry gangrene, the 
diabetic patient may still have patent tibial arteries. 
This results in preservation of infl ow and can result 
in ischemia with surrounding tissue infl ammation 
and a cytokine response, with bacterial infection. 
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Edema with blistering and a damp appearance are 
the common features of wet  gangrene  . 

 Gas gangrene is commonly associated with the 
bacterium   Clostridium perfringens   . It originates in 
the deeper necrotic or damaged tissue layers or 
compartments. The surface of the skin may initially 
appear normal, but as the condition deteriorates, it 
becomes pale and then a gray or purplish-red color 
with blistering of the skin. Subcutaneou s crepita-
tion is not uncommon due to the subcutaneous 
emphysema, or gas within the tissue, when you 
press on it (see Figs.  41.1  and  41.2 ).

    Digitary hand ischemia is less common. A 
4-year study in 50 patients showed the patho-
physiologic mechanism responsible for the isch-
emia to be emboli in 6 %, vasospasm in 10 %, 
 thrombosis   or “sludging” in 28 %, occlusive dis-
ease in 26 %, and occlusive disease associated 
with either vasospasm or external compression in 
30 % [ 6 ] (see Figs.  41.3  and  41.4 ).

    The treatment for digital ischemia associated 
with  vasopressors   is currently under investigation. 
Options include operative management if indicated 

and nonoperative strategies such as  botulism toxin   
as seen in patient with Raynaud’s disease [ 7 ]. 

 The complications associated with peripheral 
arterial catheters are rare, but when encountered 
are often in the ICU setting. These are used for 
hemodynamic monitoring and most commonly are 
placed in the radial, femoral, and axillary locations. 
The most common site is the radial location and the 
incidence of temporary occlusion is roughly 20 % 
[ 8 ]. Generally this has no signifi cant sequelae. 

  Thrombotic complications   are induced by 
changes to the integrity of the vessel wall caused by 

  Fig. 41.1    Evidence of  cellulitis   extending proximally 
and progressing to wet gangrene       

  Fig. 41.2    Dry  gangrene   has no fl uid air changes and 
appears fl ush with the skin with clear demarcation       

  Fig. 41.3    Digital ischemia secondary to embolic event 
a.k.a. blue toe syndrome       
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the catheter [ 9 ]. Further the incidence of thrombus 
formation appears to correlate with the ratio of the 
catheter compared to the size of the artery [ 10 ]. The 
smaller the artery, the greater the risk. This is 
believed to increase the risk of thrombotic 
 complication in females. There is also an increase in 
multiple punctures, hematoma formation, and cath-
eter placement longer than 48–72 h [ 11 ]. There 
appears to be decreased risk of this with Tefl on 
catheters as well as a decreased incidence of infec-
tion [ 11 ,  12 ]. 

 If the tissue continues to be the source of 
infection and septicemia, a guillotine amputation 
can be considered in cases such as wet gas gan-
grene or  fulminant osteomyelitis  . If the wound 
fl aps created at the stump can be approximated, 
no further intervention is required. In the above 
clinical  scenarios, this is rare. These are condi-
tions that prevent complete demarcation, yet this 
intervention provides the patient with a way to 
eliminate the source of infection. 

 We have seen in literature this to be a superior 
form of treatment. Panchbhavi and Schraga describe 
several studies to support this. They concluded that 
even with two interventions being required that with 
nonsalvageable foot amputations, guillotine inter-
ventions allow for better wound  closure   and reduce 
the risk of wound infection [ 13 ]. 

 McIntyre et al. reviewed 75 below-the-knee 
 amputations   performed for nonsalvageable foot 
infections [ 14 ]. While these were not performed 
in ICUs, patients were placed in two distinct 

groups. The fi rst underwent open-ankle guillotine 
amputations and then followed by defi nitive 
 closures. The second underwent defi nitive ampu-
tations with primary closure. In group one, 97 % 
of the patients achieved primary healing after one 
revision, and none required a higher level of 
amputation. The second group only had 78 %, by 
contrast, primary healing. 11 % required revision 
to a higher level. 

 Fisher et al. randomized 47 patients to either 
one-stage amputation or a two-stage. 21 % in the 
fi rst group had positive muscle cultures versus 
43 % in the two-stage groups. 8 % in the fi rst 
group had positive lymphatic cultures with 30 % 
in the two-stage group. Additionally, 21 % in the 
fi rst group had wound complications attributed to 
the amputation technique, while none in the two- 
stage group [ 15 ]. 

 Keep in mind the goal of therapy is to remove 
the  necrotic tissue   while minimizing risk of trans-
port to the patient.  Guillotine amputations   provide 
an ability to perform this while keeping the patient 
in their current environment. 

 The counterargument is that a classical guillo-
tine amputation below the knee may cause the 
infection or necrosis to spread to additional ana-
tomical spaces between muscles and bones. 
Further, retraction of tissues after being transected 
will provide less real estate to create a fl ap in the 
future, and it is suggested that tibiotalar disarticu-
lation with vertical crural incisions and secondary 
transtibial amputation as a fi rst stage and then a 
transtibial amputation as a second [ 16 ]. 

 Although it has been demonstrated that there is 
nearly a twofold increase in mortality of guillotine 
recipients [ 17 ], likely secondary to the patient’s 
presentation, the guillotine amputation is a quick, 
safe, and reliable method for treating these high-
risk patients that requires minimal resources.  

41.2     Lower Extremity Guillotine 
Amputation 

 Performing an amputation in the ICU is not the 
optimal venue. They should be performed in exten-
uating circumstances, i.e., septic shock, and severe 
instability that precluded transportation out of the 

  Fig. 41.4    Digital ischemia secondary to long-standing 
pressor use       
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ICU. This most commonly occurs in patients with 
high oxygen and ventilator demands and pressor 
requirements that would make even a short trans-
port hazardous. Therefore the amputations per-
formed in the ICU setting are typically limited to 
guillotine and digital amputations. Although a 
patient requiring a hip disarticulation may present 
with instability, this is a much larger surgery with 
both time and resources. It usually requires an oper-
ating room to be performed safely and effectively. 
Make sure to weigh the risks versus benefi ts. 

 Most ICU amputations will likely occur for 
sepsis as ischemic extremities can be packed in 
ice. Septic amputations will require reoperation 
as soon as feasible and hopefully within 24–48 h.  

41.3     Preparation 

 These patients in the ICU may or may not be 
intubated. Although most are, proper participa-
tion by anesthesiology is key, especially in limb 
amputations rather than digital. In the ICU set-
ting, there should be a specifi c individual team 
managing the anesthesia and resuscitation efforts 
which commonly include blood products. 

 Anesthetic options include general, spinal, 
epidural, or regional anesthetic. Regional is the 
preferred method to limit the stress on the cardio-
vascular system or in compromised situations 
such as shock, but is quite limited in the ICU 
setting. 

 In fact, it has been shown that peripheral nerve 
blocks are superior to general anesthesia (GA) in 
lower extremity amputations. Hypotension and 
the need for  vasopressors   was signifi cantly more 
common in patients with GA as well as signifi -
cant postoperative pain was increased in the GA 
group [ 18 ]. 

 Make sure the room setup can accommodate 
respiratory and/or anesthesia at the head and if 
possible lower the bed rails and remove the foot-
board. A simple Mayo stand can be used for 
upper extremities to rest the limb on. 

 Assistance is required. Although the procedure 
can be performed by health-care providers with 
varying levels of experience, there remains a need 
to have an experienced practitioner available and 

mobilization of operating room (OR) staff includ-
ing assistant  and   circulator to bring up the appro-
priate OR trays and remove the specimen.  

41.4      Supplies   

 Prep kit: hospital specifi c (Hibiclens recom-
mended), tourniquet, Gigli saw, electrocaudery if 
possible to have in place, 2-0 and 3-0 pop-off silk 
sutures, suture driver, pick-ups, hemostats, suction, 
and dressing (Xeroform or Vaseline gauze, abdom-
inal gauze pads (ABDs), cotton cast padding, bias 
wrap, or negative pressure dressing, although this 
can result in increased risk of postoperative bleed-
ing but may benefi t in reducing edema).  

41.5     Procedure 

 The patient should be lying in bed in supine 
 position. If not already on scheduled  antibiotics 
and therapeutic   on a regimen, a single dose of pro-
phylactic broad-spectrum antibiotics should be 
given. Open ulcers are prepped, and the foot is then 
covered with an impervious stocking and secured 
with a self-adherent wrap. The rest of the extremity 
should be prepped to a level well above the intended 
incision line. The limb is then prepped out with 
towels and if possible a limb isolation drape is 
brought up. If performing a below-the- knee   ampu-
tation, have the knee exposed. If above the knee, 
drapes need to be placed at the inguinal ligament. 

 The surgeon should gown and then glove. 
Bring up the electrocaudery and suction devices. 
If you do not have these available, you can per-
form the procedure without them although  skin 
edge bleeding   will be more diffi cult to control. A 
portable battery-operated thermal cautery can be 
used. Large extremities will require  electrocau-
tery   brought to the bedside. Then place the 
 tourniquet pressurized above the systolic blood 
pressure, commonly 250 mmHg. This can reduce 
the initial bleeding and allows for better visual-
ization of the vessels for ligation. Your decision 
to choose this may be infl uenced by your pulse 
examination or prior arterial infl ow studies. For 
example, if the popliteal artery is occluded, you 
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may decide to not use a tourniquet when 
 performing a below-the-knee amputation. This 
should be removed prior to completing the proce-
dure, so you can assess for any further bleeding 
before dressing the wound. 

 With severe infection of the limb, you do not 
want to use an Esmark for fear of spreading the 
bacteria proximally. It is, however, recommended 
routinely to compress and empty the venous sys-
tem to reduce  venous blood loss  . 

 Mark the incision line and bring up the Gigli 
saw. You must be above the infected tissue and 
any tunneling gas in the deeper muscle compart-
ments. This should be placed under the limb. 
Have an assistant hold a large DeBakey pickup or 
other large instrument like an Army/Navy over 
the superior aspect of the limb, so when cutting 
through the tissue the saw does not snap up. You 
can cut all the tissues initially with a Gigli saw. 
An amputation knife can also be used. Keep in 
mind that the secondary intervention will require 
fresh incisions above this line. 

 When operating the Gigli saw, hold the instru-
ment more horizontally (see Figs.  41.5  and  41.6 ). 
You do not want to pull straight-up creating a U 
shape. Rather you want to use the instrument like 
a two-person lumberjack saw fi ling back and 
forth. A fi rm elevated approach will allow the 
saw to pass through the tissues. Do not stop at the 
bone. This can cause you to pinch the blade and 
makes starting more diffi cult. Complete the cut 
and remove the specimen.

    Once removed you will have an opportunity to 
evaluate the tissue to make sure you are above the 
infected tissue. If a second more  proximal amputa-
tion   needs to be performed, then you should do it 
at this time. Then evaluate vessels for bleeding. 
Use the hemostat to stop the bleeding initially. You 
can then circumferentially ligate or use fi gure- of-
eight stitches to achieve homeostasis. If the vessels 
are calcifi ed, crunch the vessel with the hemostat 
fi rst that will break the calcium surrounding the 
vessel wall and make them more pliable. Try not to 
encompass the nerves with these ligations if pos-
sible as this can cause pulsatile pain for the patient. 

 The peroneal artery, commonly, is the most dif-
fi cult to  ligate  . It is located between the tibia and 
fi bula and therefore a fi gure-of-eight stitch can be 

  Fig. 41.5    A  Gigli blade   should be more horizontal with 
a gentle curve       

  Fig. 41.6    The Gigli saw will pinch with use if arms are 
pulling up       
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placed to close the vessel. The tibial nerve usually 
runs along the posterior tibial artery (see Figs.  41.7 ).

   Once primary homeostasis is achieved, let 
down the tourniquet and observe for any addi-
tional bleeding. This is usually venous because 
arteries had already been identifi ed.  Skin edge 
bleeding   should be cauterized and dressing can 
then be applied.  

41.6     Dressing 

 If a negative pressure dressing is chosen, set the 
device to constant suction no greater than 
75–90 mmHg of pressure. If intermittent or 
greater, this may cause  postoperative bleeding  . 
Make sure the staff is aware to monitor carefully 
for rapid fi lling of the chamber. 

 With conventional dressings, keep in mind that 
wound compression will help with reducing post-
operative bleeding by tamponade. However, try 
not to make the circumferential compression too 
tight. This can cause skin edge bleeding. Plan on 
changing the dressing at least twice a day. Using a 
Xeroform or Vaseline  gauze   application on the tis-
sues will reduce the rate of bleeding and pain with 
dressing changes. Elevate the limb to reduce the 
bleeding and edema. Many of these patients may 
be  coagulopathic   so use of Combat gauze or oxi-
dized regenerated cellulose should be considered. 

 The risk of lower extremity contractures is 
rare, but can be seen with some regularity in the 

elderly and temporarily bedridden patients. A 
fl exion  contracture can occur with a 15° limitation 
in 3–5 % of major lower extremity amputations 
[ 19 ]. To prevent this a knee immobilizer can be 
incorporated to reduce this risk in transtibial 
amputations. Casting material can be used as 
well, but runs the risk of accidental patellar ulcer-
ations or pressure ulcers and skin necrosis. If 
using a knee immobilizer, cut out the material for 
room around the patella and the corresponding 
Velcro strap. These can also be adjusted to accom-
modate the bulky dressings or negative pressure 
dressings used.  

41.7     Digital Amputations 

 When performing an upper or lower extremity 
digital amputation, the mindset is to achieve pri-
mary closure at the same time if possible. This 
intervention is much less traumatic to the patient 
and family and can be performed in numerous 
settings including the emergency department. It 
does not require assistance and can be done in a 
matter of minutes if left open. 

 A digital nerve block or regional  block   can be 
employed to numb the area. Make sure to test the 
location of incision rather than the distal aspect 
of the digit for assured set up of the block.  

41.8      Supplies   

 Prep kit: hospital specifi c(chlorhexidine recom-
mended), tourniquet, knife 11 or 15 blade, elec-
trocaudery if possible to have in place, 2-0 and 
3-0 pop-off silk sutures, suture driver, pickups, 
hemostats, suction, rongeur, bone cutter, bone 
rasp, and dressing (petrolatum gauze, 4 × 4’s, 
bias wrap).  

41.9      Procedure   

 Depending upon the digit in question, a circum-
ferential or modifi ed racket incision can be 
employed (see Figs.  41.8 ). Make sure if your 
desire is to close the wound without having to bit 

  Fig. 41.7     Guillotine amputation  ; tissues are easily 
viewed for hemostasis evaluation       
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back the metatarsal or metacarpal bones, you 
advance your incision more distal toward the 
gangrenous tissue. If you cannot do this safely 
without eliminating the entire tissue required, 
plan on leaving the wound open with packing 
versus using the rongeur to nibble the bone back.

   Often the tissue will free itself enough to 
better mobilize the joint once the skin is 
incised. Retract the digit count to where you 
need to dissect and transect the ligament/ten-
don structures. Keep in mind you must retract 
these particular tissues and then transect them 
as they will interrupt wound healing if left in 
your closure. Be careful not to score the fl ap as 
you do so. Once the specimen is passed off you 
can use your Bovie or electric thermal cautery 
to stop any skin edge bleeding. Keep in mind 
much of this will tapenade with closure or 
dressings. 

 The fl ap can then be closed in layers using an 
absorbable suture to better approximate the subcu-
taneous tissues and the nylon sutures either with 
vertical matrice sutures or simple interrupted.  

41.10     Dressing 

 The  dressing   should limit adherence to the sutures 
as this can be painful when removed for the 
patient. A silver product dressing can be used 
rather than Vaseline product if you desire a 
reduced risk of maceration to the tissues. Either 
silver sorb or silver alginates are common. Use a 
good amount of gauze to pad the tissues and avoid 
traumatic discomfort when the patient moves.  

41.11      Postoperative Care   

 The management of these patients should be cen-
tered on supportive post-procedural care in con-
junction with a multidisciplinary ICU team. 
Ventilator support, pain management, and fl uid 
management should be administered by the pri-
mary unit team. 

 Antibiotics should be maintained postopera-
tively in two-staged procedures until completion is 
done. Often, as discussed above, perioperative man-
agement of diabetics with deep tissue infections are 
associated with other organisms than skin fl ora. 
Until identifi ed what this is, broad- spectrum antibi-
otics should be administered with special attention 
given to anaerobic coverage for diabetics. 

 Thromboprophylaxis for  venous thromboembo-
lism (VTE)      should be considered in all amputees. 
When examining a literature review, deep vein 
thrombosis (DVT) is reported in up to 50 % of all 
patients following a major lower extremity amputa-
tion when not on prophylactic anticoagulation [ 20 ]. 
The risk of major bleeding with VTE prophylaxis is 
less than 10 %. There appears to be no difference 
between heparin and low molecular weight heparin 
[ 21 ]. Keep in mind that even transmetatarsal ampu-
tations require limited weight-bearing activities, and 
although the surgery is more minor or less extensive, 
the risk for DVT is similar to  below-knee amputa-
tions (BKAs)      or  above-knee amputations (AKAs)     . 

 The wound needs to be monitored for any 
signs of progressive infection. It is hoped that the 
edema will reduce over time. Compression wraps 
will assist in this. Any unexplained fever, increased 
pain in the amputated limb, erythema, warmth, 
purulent drainage, or superfi cial necrosis should 

  Fig. 41.8    Example of racket incision for digital 
amputation       
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be examined further to rule out infection progres-
sion. Keep in mind residual prosthetic material 
can be a nidus for infection. 

 The patients typically require a minimum of 
2 days before consideration of closure can take 
place. This provides valuable time to allow the 
limb to drain foul material and gain the upper 
hand in clearing the patient’s sepsis. 

 Pain management can often be diffi cult, and 
anesthesia is an essential player in controlling 
this. In the acute postoperative period, an epidural 
or regional block catheter may be the best option. 
When the patient is sedated and on the ventilator, 
placement of these is less critical. However, 
proper pain control preoperatively is critical in 
reducing the risk for phantom pain [ 22 ]. Care 
must be taken when placing these catheters as the 
patient is septic and also with causing hypoten-
sion. A consult with anesthesiologist should be 
obtained prior to moving forward with amputa-
tion to get the best option for the patient. 

 Perioperative mortality is directly attributed to 
the comorbidities involved. There is a higher risk 
in patients with cardiac complications, sepsis, 
pneumonia, end-stage renal disease, delirium, 
coagulopathy, and over 80 years old [ 17 ]. Mortality 
rates following major amputation range around 
10 % with a higher level of amputation resulting in 
increased risk. The National Surgical Quality 
Improvement Program database demonstrated 
perioperative mortality as 12.8 % for AKAs and 
6.5 % for BKAs. The foot is slightly less [ 23 ]. 

 Amputations in the ICU setting are performed 
to remove infected, ischemic material. It is a life- 
saving intervention that when performed can pro-
vide the patients with an avenue to recover and 
rejoin their life. It should not be taken lightly but 
do not avoid the need to remove the tissue. Patients 
and their families are looking for clear leadership 
and counsel  when   reaching this point in their lives.     
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42.1           Introduction 

 The management of wounds in the critical care 
setting is a complex task. Patient comorbidities, 
associated injuries, and systemic infl ammation 
play critical roles in the  healing process  . The 
wound-healing process encompasses four basic 
phases. Initially, platelet function and the  clotting 
cascade   will begin the hemostasis phase. This 
begins immediately post injury as long as the 
patient is not coagulopathic. The infl ammatory 
phase follows shortly thereafter as the capillaries 
become permeable, releasing  plasma and 
 neutrophils   into the wound. The neutrophils, and 
subsequently macrophages, will begin to phago-
cytize bacteria and release enzymes that will 
degrade necrotic tissue. The macrophages will 
also begin to secrete growth factors and cytokines 
that lead into the proliferation phase. This phase 
will generally last for several weeks, although it 
may be substantially longer depending on the 
overall progress of the patient’s critical illness. 
This phase is characterized by collagen deposi-
tion, granulation tissue formation, wound contrac-

tion, and epithelialization. Finally, the remodeling 
phase will occur as the collagen tissues are remod-
eled to produce greater tensile strength [ 1 ]. 

 While primary closure is preferred to optimize 
the wound-healing process, this is often not fea-
sible in the critically ill patient. Open wounds 
generally fall into two broad categories: the  soft 
tissue   defect and the  open abdominal cavity  . 
Large soft tissue defects occurring after injury 
may preclude primary closure, or closure may be 
deliberately avoided due to infection or signifi -
cant contamination. Compartment syndrome and 
limb ischemia may make primary closure unsafe. 
The abdominal cavity may be deliberately left 
open for a number of reasons such as the use of 
damage control laparotomy or the management 
of abdominal compartment syndrome. 

 If primary closure is not an option, the two gen-
eral options are wound packing and negative pres-
sure dressings. In either case, the ideal dressing 
should absorb excessive fl uid, while simultaneously 
keeping the wound moist. Both animal and human 
studies have shown accelerated healing, faster 
wound contraction, and faster granulation tissue in 
a moist environment [ 2 ]. The dressing should also 
eliminate dead space, as this can be a collection site 
for excessive fl uid which may lead to infection and/
or impaired healing. Additional considerations 
when choosing a dressing must include the amount 
of pain both during and between dressing changes, 
durability, and cost-effectiveness.  
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42.2     Soft Tissue Wounds 

42.2.1     Wound Packing 

 Traditionally, wound packing with  wet-to-dry gauze 
dressings   has been the modality of choice for large 
soft tissue defects [ 1 ]. Saline-soaked gauze is 
packed into the wound, eliminating dead space, 
allowing for wound drainage, and providing a moist 
environment for healing to occur. The gauze may be 
soaked in Dakin’s solution, a mixture of diluted 
bleach, or other  solutions   when wound infection is a 
concern. All of these approaches may impede 
wound healing, and the practitioner must weigh the 
risks and benefi ts of the solution’s anti-infective 
properties versus the potential for a longer healing 
process when deciding whether to use anything 
other than saline. The wet gauze is covered with dry 
gauze to prevent the wound from drying out. The 
wet gauze remains in place until dried. With each 
packing change, the removal of the dressing aids in 
debriding devitalized tissue. Dakin’s solution is also 
thought to help further  debride necrotic tissue  . Wet-
to-dry wound packing is especially useful in the 
case of dirty or infected wounds. The limited mate-
rials needed and expertise required also makes this 
wound therapy ideal for austere environments.  

42.2.2     Negative Pressure Wound 
Therapy (NPWT) 

 Growing evidence  i     ndicates that NPWT promotes 
more rapid wound granulation when compared to 
wet-to-dry dressings. Recent studies have shown an 
even stronger indication for NPWT when wounds 
contain exposed tendon or bone [ 2 ]. NPWT has 
become commonplace in the critical care setting 
because of these improved results and the relative 
ease of patient care after application of NPWT [ 3 ]. 

 The basic components of a NPWT system 
include a semipermeable conduit used to pack the 
wound, an occlusive dressing, a suction port, and a 
collection system. Commercially available kits are 
most commonly used (V.A.C.®, KCI, San Antonio, 
TX), and these utilize an open-pore polyurethane 
sponge as the fl uid conduit, although other meth-
ods may be devised depending on the wound. The 

goal of the NPWT system is to eliminate the dead 
space, while the pressure gradient generated by the 
suction will promote excess fl uid transport away 
from the wound, altering the infl ammatory envi-
ronment. The sponge will retain enough fl uid to 
keep the wound moist, and the occlusive dressing 
will keep the wound warm and prevent leakage. 
The sponge will deform under the negative pres-
sure, thus causing tissue  defor  mation which will 
stimulate tissue remodeling.  

42.2.3      Indications   

 In the critical care setting, NPWT is most 
 commonly used for large soft tissue defects or 
when primary closure of a wound might contrib-
ute to development of compartment syndrome. 
Large soft tissue defects are commonly seen in 
the multi-trauma patient. The operational warfare 
of the recent confl icts in Iraq and Afghanistan has 
led to a marked increase in destructive blast inju-
ries, and NPWT has been used quite successfully 
both in theater and in subsequent evacuation of 
these combat casualties [ 4 ]. In extremity trauma 
where compartment syndrome is a concern, 
NPWT may be employed as a safe dressing with 
a delayed primary closure once the initial risk of 
compartment syndrome has been alleviated [ 2 ]. 
Because NPWT is self-contained, and dressing 
changes are needed less frequently than when 
using wet-to-dry dressings, patients undergoing 
NPWT are generally considered easier to care for 
from a nursing standpoint.  

42.2.4      Preparation and Setup   

 Negative pressure wound therapy dressing 
changes for soft tissue wounds are typically well 
tolerated by the patient. Appropriate analgesia 
should be provided; on occasion sedation may be 
required. If applicable, the previous dressing 
should be removed and discarded. If the 
 previously placed sponge has adhered to underly-
ing granulation tissue, it may be soaked in saline 
for several minutes to facilitate removal. The 
wound should be irrigated and any devitalized 
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tissue debrided. The wound edges must be dry 
and hemostatic to ensure an optimal environment 
for the occlusive  dressin  g to adhere properly and 
thus minimize the risk of the dressing leaking.  

42.2.5      Application   

 Once the wound is prepared, the foam sponge is 
trimmed to fi t the size of the wound, ensuring that 
the sponge edges do not extend past the wound 
edges. The sponge is packed into the wound, and 
an adhesive, occlusive covering is placed over the 
wound with at least a 3–5 cm margin covered 
around the wound edges. A small hole is created 
in the central portion of the occlusive dressing, 
and the suction port is placed over the defect. In 
the case of large wounds, more than one suction 
port may be placed strategically around the 
wound. The suction pump is then connected to 
the suction port, the pump initiated, and the 
dressing observed for any evidence that the dress-
ing is not airtight. Most commercially available 
suction pumps will have an alarm that will alert 
the practitioner of a potential leak.  

42.2.6      Wound Closure   

 As the patient’s condition stabilizes, defi nitive 
wound closure is the goal. Depending on the 
 circumstances surrounding the placement of the 
dressing, timing of the defi nitive closure can be 
quite variable. As the risk of compartment syn-
drome diminishes after an extremity fasciotomy, a 
delayed primary closure may be indicated. For a 
large soft tissue defect, serial dressing changes with 
either wound packing or NPWT may occur over 
weeks with a more complex defi nitive treatment 
required such as skin grafting or free fl ap 
reconstruction.   

42.3     The Open Abdomen 

 Critical care providers are often charged with  caring 
for patients with an open abdominal cavity. In the 
 trauma   setting, damage control laparotomy is a 

common procedure in the critically injured patient. 
In the hemodynamically unstable patient with 
abdominal trauma, a laparotomy is performed to 
control hemorrhage and intra- abdominal 
 contamination. Often, these patients will become 
acidotic, hypothermic, and coagulopathic, exhibit-
ing the aptly named “triad of death.” In these 
instances, an abbreviated laparotomy is performed, 
where once the surgically correctable  bleeding and 
contamination   are controlled, the abdomen is left 
open with a negative pressure dressing in place, and 
the patient is moved to the critical care setting for 
aggressive resuscitation, limitation of further shock, 
and correction of the physiologic derangements. 
Leaving the abdomen open will hasten the trip to 
the  intensive care unit (ICU)   and prevent intra- 
abdominal pressure from increasing. After the phys-
iologic shock is reversed, the patient will return to 
the operating suite for further defi nitive 
 interventions. At that time, the surgical team will 
weigh several factors to decide whether to primarily 
close the abdomen or continue with serial negative 
pressure wound therapy dressings [ 5 ]. 

 Emergency general surgery patients with intra-
abdominal contamination or abscess formation 
may also be treated with an open abdomen requir-
ing NPWT. The temporary abdominal dressing 
can aid in the removal of excessive fl uid and pus 
and will facilitate easy access to reexplore and 
irrigate the abdomen at regular intervals [ 6 ]. 

  Compartment syndrome   is not limited to the 
extremities. The massive fl uid resuscitation that 
the hemodynamically unstable patient often 
undergoes, combined with increased capillary 
permeability secondary to systemic infl amma-
tory responses, increases the risk of abdominal 
compartment syndrome. Bowel wall edema will 
contribute to increased intra-abdominal pressures 
which may lead to cardiovascular, pulmonary, 
renal, hepatic, and gastrointestinal end organ 
damage through a variety of mechanisms. Several 
methods for measuring intra-abdominal pressure 
exist, but by far the most common is measuring 
 intra-bladder pressures  , with any value greater 
than 25 mm/Hg, commonly cited as an indication 
for surgical decompression [ 7 ]. 

 In these cases, the use of a negative pressure 
wound therapy dressing meets the needs of an 
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optimal dressing. The wound will remain warm 
and moist, enhancing healing. The negative 
 pressure will help maintain fascial domain. In 
our published experience, this will facilitate 
defi nitive closure, avoiding the need for future 
intervention for a ventral hernia [ 8 ,  9 ]. It will 
maintain a sterile environment and will allow 
for excess fl uid that may be detrimental to heal-
ing to be removed. Finally, it provides the criti-
cal care team the ability to reevaluate the 
intra-abdominal cavity regularly without having 
to reopen a closed wound. 

42.3.1      Preparation and Setup   

 The placement of NPWT on an open abdomen 
may occur in the operating suite or bedside in 
the intensive care unit depending on the 
patient’s current clinical status and availability 
of appropriate resources and staff. Placement 
may occur under general anesthesia, but may 
not be necessary if adequate analgesia and 
sedation can be achieved. Coordination with 
anesthesia, nursing, and respiratory therapy 
should thoroughly account for each particular 
patient situation regarding pain control and 
sedation if necessary. Once all necessary sup-
plies and equipment have been gathered and the 
team is ready to begin, the previous NPWT 
should be removed, and the area should be 
prepped using Betadine or a similar agent and 
then draped using sterile technique. Good light-
ing is important as some defects are deep and 
hard to adequately visualize. 

 The wound should be carefully debrided of 
necrotic or devascularized tissue including the 
surrounding wound edge to ensure healthy tis-
sue is available for the NPWT to effectively 
promote wound healing. Hemostasis should 
also be achieved to ensure a proper seal can be 
secured and continued blood loss does not 
occur in the critical care setting. Electrocautery 
and/or suture ligation may be used. Once 
hemostasis is achieved, the wound should be 
thoroughly washed out using warm saline and 
suction until clear fl uid is returned and hemo-
stasis is confi rmed.  

42.3.2     Technique 

 Application of the NPWT begins with a  perforated 
polyethylene sheet, sometimes referred to as a 
“bowel bag” to overlie any viscera which is 
exposed in the wound. Scissors or a scalpel is 
used to perforate the sheet throughout with holes 
made approximately 3–5 cm apart, allowing for 
fl uid to be drained through the bag (Fig.  42.1 ). If 
using the KCI ABThera system (ABThera™, 
KCI, San Antonio, TX), this corresponds to the 
visceral protective layer, which is pre-perforated. 
The bag or visceral protective layer is laid over 
any exposed viscera and tucked into the  para-
colic gutters   along the wound edges to prevent 
direct suction being applied to vital structures 
and adhesion of the viscera to the abdominal 
wall (Fig.  42.2 ). Next, polyurethane sponge or 
sterile surgical  towels   are applied over the  bowel 
bag   (Figs.  42.3  and  42.4 ). The sponge should be 
measured and cut to fi t the exact tissue defi cit, or 
fl at Jackson-Pratt drains should be placed over-
lying the towels to facilitate drainage and suc-
tion. Depending on the size of the wound, 
anywhere from 2 to 3 JP drains may be used, 
keeping in mind the extra requirements for wall 
suction or portable suction devices. If a sponge 
setup is chosen, the commercially available 
product from KCI (ABThera™, KCI, San 
Antonio, TX) contains all the necessary equip-
ment for placement.

      Once the overlying sponge or towel is in place, 
it must be covered with an adhesive drape. The 
surrounding wound edge and skin must then be 
cleaned and dried to ensure an effective seal is 
achieved. Drying and surgical adhesive agents 
such as Dermabond and/or Mastisol can be used to 
facilitate the adherence. The adhesive agent is 
applied to the dried skin of the surrounding area 
and allowed to set up. The adhesive drape should 
then be stretched tightly over the entire sponge or 
towel ensuring at least 3–5 cm of the surrounding 
tissue is covered. Most often, the adhesive drape 
used is Ioban® or dressings supplied by KCI 
(ABThera™, KCI, San Antonio, TX). For large 
areas, placement of the adhesive drape may be 
facilitated by overlapping several smaller drapes 
ensuring all of the seams are tight to avoid leaking. 
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Negative pressure should be quickly applied, 
either through the commercial adapter or the JP 
drains, to ensure seal is not lost as fl uid begins to 
collect in the wound and sponge (Figs.  42.5  and 
 42.6 ). A KCI  vacuum machine   is often used to 
ensure proper constant negative pressure is applied 
and an adequate seal is maintained. Wall- mounted 
pressure regulators are used in the case of JP drain 
application. As pressure is applied, the sponge or 

towel should compress overlying the wound, more 
closely approximating the  wound edges  .

42.3.3         Contraindications 

 While no absolute  contraindications   exist for NPWT, 
caution must be exercised in several specifi c circum-
stances. If the negative pressure  dressing is placed 

  Fig. 42.1     Polyethylene sheet   
is perforated to allow egress of 
fl uid       

  Fig. 42.2    Polyethylene sheet 
being placed over viscera and 
tucked into the  paracolic 
gutters         
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directly on exposed organs, blood vessels, or vascu-
lar grafts, erosion may occur and catastrophic bleed-
ing has been reported [ 1 ,  10 ]. Infection and 
devitalized tissue should be controlled prior to dress-
ing application. Malignant tissue growth is promoted 
in the NPWT environment. Care should be taken in 
patients with fragile skin, as the occlusive dressing 
may cause skin tearing or necrosis.  

42.3.4     Complications 

 Several  complicati  ons may occur in the  application 
of NPWT, including a poor seal or an air leak in 
the dressing, patient pain or discomfort, and fi stula 
formation. Most often, inadequate coverage of the 
wound edges and application over wet skin will 
lead to a leak. If left unaddressed, air leaks and 

  Fig. 42.3    Polyurethane 
sponge being laid over 
polyethylene sheet after being 
cut to size (note fascia has 
been partial closed with suture 
in this case)       

  Fig. 42.4     Sterile surgical 
towel   being laid over 
polyethylene sheet (note fascia 
has been partial closed with 
suture in this case)       
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poor seals will always worsen and so must be 
repaired quickly and effectively. Using surgical 
adhesive and more adhesive, drapes will often 
allow temporizing of the leak until the next change 
is scheduled. Occasionally a leak will be best 
addressed by changing the entire NPWT setup. 

 Rarely, patients will complain about pain or 
discomfort while undergoing NPWT. Usually 

this is associated with dressing changes rather 
than the NPWT itself. Adequate pain control 
prior to dressing changes is necessary. If pain 
occurs while undergoing NPWT, attention 
should be given to the device itself, ensuring 
negative pressure is not applied to vital struc-
tures or  viscera underneath as this could lead to 
fi stula formation or necrosis. Rarely, fi stulas 

  Fig. 42.5    Suction applied to 
fi nal dressing with  V.A.C  . 
sponge (KCI, San Antonio 
TX)       

  Fig. 42.6    Suction applied to 
fi nal dressing with sterile 
surgical towel       
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may occur if NPWT is applied directly to  viscera 
[ 9 ,  11 ]. Always ensure adequate protection is 
applied via sponge or towel and bowel bag 
underneath.  

42.3.5      Wound Closure   

 After temporary closure with NPWT or pack-
ing, the patient will be ready for delayed pri-
mary closure or permanent closure of the larger 
defi cit using graft or fl ap. NPWT increases the 
chances of delayed primary closure in many 
cases, as NPWT continues to draw the wound 
edges closer with each vacuum change [ 11 ]. 
Some large soft tissue defi cits cannot be closed 
primarily and must be covered using skin graft 
or free fl ap. Frequently, open abdominal 
wounds are too large to re-approximate and 
close primarily, and so Vicryl mesh and skin 
grafting or abdominal free fl ap must be used 
[ 11 ]. In some cases, abdominal hernia is 
accepted with correction understood to occur at 
a later point after the patient is stable [ 9 ].   

42.4     Summary 

 The critical care practitioner can expect to be 
faced with the management of complex wounds 
on a regular basis. The team has access to a 
variety of modalities to care for these wounds, 
and the management plan should be customized 
for every patient and every wound individually. 
Factors to consider include patient comorbidi-
ties and current state of illness or injury, wound 
location and size, amount of contamination, 
presence or risk of compartment syndrome, and 
the stage of healing of the wound. The optimal 
dressing should promote an ideal healing envi-
ronment and should keep the wound warm, 
moist, and sterile. The dressing should be dura-
ble, cost-effective, and well tolerated by the 
patient both between and during dressing 
changes. 

 Team members who care for patients with 
complex wounds must become familiar with the 

indications and contraindications in order to 
select the right dressing for the patient. They 
should be familiar with the removal and place-
ment of the dressing and be able to troubleshoot 
and correct problems swiftly and effi ciently. 
Whether dealing with an NPWT dressing on an 
extremity fasciotomy in a trauma patient, or a 
towel vac for intra-abdominal sepsis in an emer-
gency general surgery patient, the provider 
needs to be comfortable and possess the skills to 
properly care for these complex wounds to opti-
mize healing and improve the overall hospital 
course of the patient.     
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  43

43.1           Introduction 

 The use of inferior vena cava (IVC) fi lters is a 
 common request in critically ill patients for the 
 prevention of  pulmonary embolism (PE).   Caval 
interruption and advent of the IVC fi lter have 
 progressed rapidly over the past 50 years in con-
junction with the innovation of technology in the 
fi elds of vascular/endovascular  surgery and radiol-
ogy  . The era of the modern optional IVC fi lter 
began in the United States in 1973; Lazar Greenfi eld 
fi rst described the conical design that formed the 
basis for modern day design of percutaneous per-
manent and optional IVC fi lters. This conical fi lter 
was fi rst implanted in humans in the 1980s. Since 
then there has been a rapid proliferation of multiple 
types of retrievable IVC fi lters (see Table  43.1 ) 
spurred by industry. As the ease of placement and 
retrieval has increased, many different specialists 
including vascular surgeons, interventional 
 radiologists, cardiologists, trauma surgeons, and 
intensive care specialists have been documented to 
place these devices [ 1 ]. Facilitating this in 2003 
and 2004, the United States Food and Drug 

Administration fi rst approved changes to several 
permanent fi lters to permit percutaneous removal/
retrievable IVC  fi lters for caval interruption and 
protection from PE [ 2 ]. With this came the 
increased use of these fi lters [ 3 ] with little clinical 
data to support or refute the effi cacy and safety of 
retrievable IVC fi lters. To date there have been no 
large prospective randomly controlled trials sup-
porting the use of IVC fi lters [ 4 ]. We do know from 
smaller non- randomized trials and clinical series 
that the ability to successfully place and retrieve 
these devices has been shown to be safe and seems 
to have led to the increased use of them [ 5 ]; how-
ever, the number of fi lters actually being retrieved 
has remained quite low [ 3 , 6 ]. This paper will focus 
on permanent and optional fi lters that are defi ned 
as IVC fi lters designed to remain permanently or 
IVC fi lters designed to be partially or completely 
removed, respectively (see Fig.  43.1 ). The purpose 
of this paper is to discuss IVC fi lter technology, its 
evolution, and the different means of bedside 
placement of IVC fi lters in the critically ill.

43.2         Indications 

 The sole indication for the placement of an IVC fi l-
ter is to prevent PE and migration of  deep venous 
thrombus   by fi ltration of  return blood   from the 
IVC. This is achieved by the trapping of  embolic 
venous clots   at the IVC fi lter prior to their reaching 
the cardiopulmonary system and causing  systemic 
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cardiovascular collapse  . IVC fi lters should not be 
considered a primary treatment for venous throm-
boembolism (VTE) as it is well documented 
throughout the literature that pharmacological VTE 
and the use of external compression devices are the 
fi rst-line therapy [ 7 ]. However, the risk factors of 
VTE and PE are many and can increase, decrease, 
or remain at a steady state depending on the patient’s 
condition. Such risk factors include but are not lim-
ited to major surgery, trauma, malignancy, morbid 
obesity, thrombophilia, and acute major illnesses 
with prolonged inactivity. The placement, duration 
of IVC fi lter therapy, and removal of the fi lter are 
mitigated by the patient’s condition and the ability 
to treat primarily with systemic anticoagulants. 

 For many institutions there is no clear consensus 
on indication and patient selection leading to wide 

area of standards of practice. This is further 
 infl uenced by the ever-changing technology around 
IVC fi lters that has evolved and the role that indus-
try plays in the market. What is known is that there 
is a lack of high-quality prospective randomly 
 controlled trials. General consensus breaks the indi-
cation for IVC fi lters down into three categories: 
absolute, relative, and prophylactic [ 2 ]. Absolute 
indications have a documented VTE/PE and have a 
contraindication or failure of primary therapy. 
Relative indications for IVC fi lters are patients with 
a documented VTE/PE who are considered at high 
risk despite primary therapy (VTE/PE with limited 
pulmonary reserve, large iliocaval thrombus), 
inability to maintain on primary therapy (poor com-
pliance), or at high risk for anticoagulation (elderly, 
falls). Prophylactic IVC fi lters are placed in patients 

   Table 43.1    Types of  IVC fi lters     

 Types of IVC fi lters 

 Filter  Type  Sheath  Access  Maximum caval diameter 

 TrapEase (Cordis)  Permanent  6 Fr  Femoral, jugular, 
antecubital 

 30 mm 

 Stainless steel and titanium Greenfi eld 
fi lters ( B  oston Scientifi c) 

 Permanent  12 Fr  Femoral, jugular  28 mm 

 Bird’s Nest (Cook)  Permanent  12 Fr  Femoral, jugular  40 mm 

 Vena Tech LP and LGM fi lters (B. Braun)  Permanent  9 Fr  Femoral, jugular  28 mm 

 Celect (Cook Medical)  Optional  7 Fr  Femoral, jugular  30 mm 

 OpTease (Cordis)  Optional  6 Fr  Femoral, jugular, 
antecubital 

 30 mm 

  Gunther   Tulip (Cook Medical)  Optional  7 Fr  Femoral, jugular  30 mm 

 Crux (Volcano)  Optional  9 Fr  Femoral, jugular  28 mm 

 Option (Argon)  Optional  5 Fr  Femoral, jugular  30 mm 

 Denali (Bard)  Optional  8.4 Fr  Femoral, jugular  28 mm 

  Fig. 43.1    Types of  IVC fi lters         
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who are felt to be at high risk for VTE and/or PE, 
but have not yet had a documented incident of 
either. They are often most likely unable to be 
started on primary therapy for VTE due to some 
other signifi cant clinic risk, e.g., need for major sur-
gery, trauma, intracranial hemorrhage, critically ill 
patients with history of VTE, and inability to 
anticoagulate. 

 There has been a noted increase in the use of 
IVC fi lters particularly in the realm of  prophylactic 
IVC fi lters  . From 1998 to 2005 the use of IVC fi l-
ters doubled with the number of prophylactic fi lters 
exceeding 21 % [ 3 , 5 ]. Due to the lack of guidelines 
and rigorous data surrounding IVC fi lters, several 
large organizational bodies have come out with 
their recommendations. Both the Society of 
Interventional Radiology (SIR) and the Eastern 
Association for the Surgery of Trauma (EAST) 
have put out guidelines regarding the indications 
and the use of IVC fi lters. The SIR indications are 
listed below in Table  43.2 , while the EAST recom-
mendations simply state that there is no Class I evi-
dence for prophylactic IVC fi lters; however there is 
 Class II and III   evidence, and they note that they 
recommend placement of an IVC fi lter in high-risk 
patients who cannot be anticoagulated [ 8 ]. It should 
be noted in contraindication to this, the American 
College of Chest Physicians do not recommend 
prophylactic fi lters.

   Patients in the intensive care unit (ICU) repre-
sent an important and select population that may 
benefi t from IVC fi lter placement. While the indica-
tions for IVC fi lter placement remain the same, 
these patients tend to be at higher risk for VTE/PE 
due to many different comorbidities including age, 
obesity, recent surgeries, trauma, immobility, cen-
tral venous catheterization, and proinfl ammatory/
prothrombotic states. The ability to achieve full pri-
mary pharmacological VTE anticoagulation is dif-
fi cult due to their multiple comorbidities, impending 
or recent surgeries, obesity, and metabolism [ 9 ].  

43.3     Anatomical Considerations 

 Understanding of the venous system is necessary 
for safe and effi cacious placement of IVC fi lters. 
The IVC is the fi nal pathway for  blood return   to 

the heart and lungs from the lower extremities, 
pelvis, and abdomen. The IVC originates at the 
confl uence of the  iliac veins   around L5 (lumbar) 
level. It typically runs to the right of the aorta 
and the right of the vertebral bodies. It has mul-
tiple branches from the lumbar veins, and 
between L1 and L2, the left and right renal veins 
join the IVC. This divides the IVC into suprare-
nal and infrarenal segments. In the suprarenal 
segment, there are typically hepatic branches 
and then the IVC will go into the right atrial-
caval junction. Preprocedural imaging such as 
CT scans, ultrasounds, or cavagrams should be 
thoroughly reviewed to assess the anatomical 
landmarks of the IVC and to note any variations 
or anomalies. 

   Table 43.2    SIR indications and  contraindications   for all 
vena cava fi lters (reprinted with permission from Elsevier)   

 Indications and contraindications for all vena cava fi lters 

 Absolute indications (proven VTE) 

 Recurrent VTE (acute or chronic) despite adequate 
anticoagulation 

 Contraindication to anticoagulation 

 Complication of anticoagulation 

 Inability to achieve/maintain therapeutic 
anticoagulation 

 Relative indications (proven VTE) 

 Iliocaval DVT 

 Large, free-fl oating proximal DVT 

 Diffi culty establishing therapeutic anticoagulation 

 Massive PE treated with thrombolysis/thrombectomy 

 Chronic PE treated with thromboendarterectomy 

 Thrombolysis for iliocaval DVT VTE with limited 
cardiopulmonary reserve 

 Recurrent PE with fi lter in place 

 Poor compliance with anticoagulant medications 

 High risk of complication of anticoagulation (e.g., 
ataxia, frequent falls) 

 Prophylactic indications (no VTE, primary 
prophylaxis not feasible a ) 

 Trauma patient with high risk of VTE 

 Surgical procedure in patient at high risk of VTE 

 Medical condition with high risk of VTE 

 Contraindications to fi lter placement 

 No access route to the vena cava 

 No location available in vena cava for placement of fi lter 

   a Primary prophylaxis not feasible as a result of high bleed-
ing risk, inability to monitor the patient for VTE, etc.  
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 Knowledge of the most common anatomical 
variants of the IVC is important when planning 
for placement of the IVC fi lter. The most com-
mon variants include transposition or a left-sided 
IVC, duplication of the IVC, and a circumaortic 
left renal vein. Typically these common anoma-
lies are due to differences in embryological 
development of the  cardinal veins   into the mature 
venous system. The infrahepatic IVC develops 
between the sixth and eighth weeks in utero. It is 
a composite structure formed from three paired 
embryonic veins: the posterior cardinal, the sub-
cardinal, and the supracardinal veins. With the 
maturation and regression of these veins, the IVC 
is formed. Persistence of any of these structures 
can lead to the abovementioned anomalies [ 10 ]. 

 Transposition of the IVC is due to the  persistence 
of the left supracardinal vein. It is also recognized as 
a “left-sided” IVC. Typically it will run to the left of 
the aorta and then cross over at the junction with the 
left and right renal veins. It will then join into the 
 atrial-caval junction   on the usual right side. 
Prevalence is felt to be 0.2–0.5 %. Duplication of 
the IVC is felt to be slightly more common with a 
prevalence of 0.2–3 % in the general population. 
This results from a persistence of both supracardi-
nal veins. The duplicated left IVC will typically run 
into the left renal vein, which will proceed in its nor-
mal anatomical tract to join the “normal” right-
sided IVC anterior to the aorta. The left-sided or 
duplicate IVC will typically originate from the left 
 iliac vein  . Many times two caval fi lters will be 
required to ensure adequate protection from 
DVT. Finally, the most common variant is the cir-
cumaortic left renal vein. This results from the 
embryological persistence of the dorsal limb of the 
embryonic left renal vein and of the dorsal arch of 
the renal collar. It is found in up to 9 % of the popu-
lation. The superior renal vein receives the left adre-
nal vein and crosses the aorta anteriorly. The inferior 
renal vein receives the left gonadal vein and crosses 
posterior to the aorta approximately 1–2 cm inferior 
to the normal anterior vein. Care must be taken to 
place the IVC fi lter either below the anomalous take 
off the left renal vein or in a suprarenal position in 
order to provide adequate protection from DVT 
embolization [ 1 ]. With regard to anatomy within the 
normal IVC and the iliac veins, there are several 

other factors that should be noted prior to the 
 placement of an IVC fi lter. These include length, 
diameter, and the presence of thrombus within the 
IVC or iliac veins. Manipulation of the venous sys-
tem with prior thrombus burden must be undertaken 
with appropriate precaution.  

43.4     Bedside Insertion of Vena 
Cava Filters 

 Insertion of the IVC fi lter has traditionally taken 
place in the angiography suites, but in  critically 
ill   or morbidly obese patients, the option to travel 
to the angiography suites may not exist. 
Furthermore, technical consideration of the 
weight limits on the angiography table must be 
taken into account for the morbidly obese. The 
ability to place IVC fi lters with a portable c-arm 
using ionizing radiation or the utilization of ultra-
sound has allowed not only vascular surgeons or 
interventional radiologists to place these devices 
but also  trauma surgeons  , critical care intensiv-
ists, and other specialists [ 3 ]. More recently the 
use of both intravascular ultrasound (IVUS) and 
transabdominal ultrasound has allowed IVC 
 fi lters to be inserted safely and effectively at the 
bedside in various settings including the ICU 
[ 11 ]. There is an abundance of literature concern-
ing the practice of bedside IVC fi lter insertion 
using portable fl uoroscopy, IVUS, or transab-
dominal ultrasound [ 12 , 13 ]. While there are no 
established criteria for insertion of IVC fi lters, 
there have been some suggestions that the use of 
bedside insertion of IVC fi lters has less cost asso-
ciated with it and reduced risk associated with 
transportation of critically ill patients [ 11 ]. What 
is established is that the procedure should be 
done in the setting for which the operator has the 
most experience and their staff is most experi-
enced to minimize risk of  iatrogenic injury  , fi lter 
misdeployment, or other incidents. 

 Prior to the insertion of an IVC fi lter, several 
aspects need to be considered. First, lab values 
need to be surveyed. These labs include  coagula-
tion markers   including prothrombin time, partial 
thromboplastin time, and international normalized 
ratio. Abnormal coagulation status does not pre-
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clude insertion of the IVC fi lter and maybe pre-
ferred in some circumstances. Renal status should 
also be assessed as the use of potentially nephro-
toxic contrast could be utilized. The patient’s cre-
atinine can be used as a marker of their renal 
status. Different steps can be done to mitigate 
abnormal lab values from correcting coagulation 
pathways to extra hydration or limiting the use of 
contrast for patients with poor renal function. 
Other techniques such as the use of carbon dioxide 
instead of nephrotoxic contrast or the use of ultra-
sound to guide in the placement of the IVC fi lter 
can eliminate the need for contrast and has been 
shown to safe and effi cacious [ 14 ]. Finally, for 
critically ill patients, any current medications or 
drips should be noted as these may affect cardio-
vascular status, sedation status, and coagulation. 

 The next step is to review prior imaging. 
Most patients by the time they have arrived in 
the ICU will have CT scans. Often a CT scan of 
the abdomen can be reviewed to locate the 
renal veins and the infrarenal portion of the 
IVC in relation to the lumbar vertebral bodies. 
Also any congenital anomalies of the IVC can 
be noted at this time. While dependent on many 
factors such as hydration status and respiratory 
cycle, the diameter of the IVC can also be mea-
sured to determine the presence of a “mega-
cava” greater than 30 mm as there are very few 
IVC fi lters indicated for greater than 28 mm. 
The length of the IVC can be measured to 
assure the fi lter will not intrude into the com-
mon  iliac vein  . The presence of thrombus 
should be noted, as manipulation of the throm-
bus by instrumentation should be avoided. 
These steps can also be done at the time of the 
cavagram. 

 Selection of access site can now be deter-
mined. The most commonly utilized sites include 
the right femoral vein and the right  internal jugu-
lar vein  . The right femoral vein and right jugular 
veins are used preferentially as it offers easier 
access to the IVC and minimizes chances of 
angulation/tilt of the fi lter during deployment. 
Furthermore, the selection of the access site can 
be dictated by body habitus, the presence of 
thrombus in the vein, and mechanism of deploy-
ment of the device. The use of ultrasonography 

has improved central venous and vascular access 
to allow more defi nitive puncture of the  appropriate 
vessel. Ultrasonography is especially helpful in a 
challenging situation due to body habitus, anti-
coagulated patients, or patients with prior sur-
geries to the access areas. 

 For bedside fl uoroscopic insertion, the use of 
a portable fl uoroscopy machine or “c-arm” with 
technician is required. A fl uoroscopically com-
patible bed is required to allow ease of move-
ment of the machine and prevent  radiopaque 
regions  . Safety concerns within the ICU for radi-
ation exposure must be addressed with proper 
protective gear and personnel that have been 
trained in radiation safety. Typical safety items 
include the use of thyroid and torso protection 
from radiation. Lead shields or aprons are used 
to protect the body, and thyroid shields protect 
the neck region. The use of lead-lined glasses is 
also  recommended to protect the eyes. Healthcare 
providers should follow their institutions’ radia-
tion safety policies. Recent studies suggest that 
radiation exposure/scatter for healthcare profes-
sionals can be kept at levels that are safe and 
acceptable within the ICU even when routine 
and invasive procedures are done utilizing ion-
izing radiation [ 15 ]. While beyond the scope of 
this chapter, the key concepts with regard to 
radiation safety include fl uoroscopic time, dis-
tance of personnel and patient from imaging 
equipment, and suitable garments for radiation 
protection. 

 The next step after insertion of the IVC fi lter 
deemed necessary at bedside is the “pause” or 
“time-out” in line with institutional practices. All 
team members involved in the procedure will 
review the pertinent aspects of the procedure 
including identifi cation of the procedure, 
 identifi cation of the patient, relevant laboratory, 
or diagnostic fi ndings and insuring that the proper 
materials needed for the procedure are available. 
Once this is complete the patient is prepped and 
draped in a sterile manner that allows the access 
site to be fully visualized.  Seldinger technique   
utilizes standard angiographic needles that allow 
a wire to be threaded through the needle into the 
vessel and ultimately the IVC. Typically a 4 or 5 
French (Fr) micropuncture needle with guidewire 
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will be utilized for gaining vascular access. This 
can be further confi rmed with ultrasound or under 
fl uoroscopic imaging. A small stab wound inci-
sion is made with a #11-blade scalpel to ease 
insertion of the catheter/sheath. The micropunc-
ture sheath is then placed over the wire. The ini-
tial guidewire is then exchanged for a 
0.035 in. × 180 cm fl oppy-tipped or J-tipped wire, 
and under fl uoroscopic imaging the guidewire is 
placed into the suprarenal portion of the 
IVC. Next, the micropuncture sheath is removed, 
and the sheath and dilator for the IVC fi lter is 
placed in the distal vena cava around L3 or L4 
lumbar bodies. Many IVC fi lter sheaths and dila-
tors allow for a standard cavagram to be per-
formed and have  radiopaque markers   allowing 
for accurate measurement of the IVC. A standard 
cavagram under digital subtraction fl uoroscopy is 
then preformed using as minimal contrast as 
needed. Due to volume and diameter of the IVC, 
this can require 15–30 ml of contrast injected 
over several seconds. The renal veins are located, 
and any anatomical anomalies, the presence of 
thrombus, and dimensions are then taken into 
account. As mentioned prior the IVC should be 
measured to determine both the diameter of the 
cava and its length. Most IVC fi lters cannot be 
placed in a cava greater than 28 mm. Any pres-
ence of thrombus should be noted, as manipula-
tion of the thrombus by instrumentation should 
be avoided. The device is selected depending on 
whether it will be a permanent or optional fi lter 
and then placed over a guidewire just caudally 
from the renal veins and superior to the  iliac vein   
confl uence. The guidewire is then removed, and 
the device is deployed. The venous catheter/
sheath is removed, and pressure is maintained 
until hemostasis is achieved (see Fig.  43.2 ).

   The use of transabdominal ultrasound or 
IVUS at the bedside has been shown to be safe 
and effi cacious [ 16 ]. For both transabdominal 
ultrasound and IVUS, the limitations to the uti-
lization of this technology lie with experience 
and expertise of the practitioner and their ability 
to interpret the imaging. When placing an IVC 
fi lter under ultrasound, it is highly recom-
mended to review any preexisting imaging in 
order to get help gauge relevant landmarks, con-

genital anomalies, and boney anatomy vis-à-vis 
the  renal caval junction  . Placement of IVC fi l-
ters utilizing transabdominal ultrasonography is 
very diffi cult and relatively contraindicated in 
the morbidly obese due to the diffi culty of 
obtaining reliable imaging of the IVC and renal 
veins. For placement of the IVC fi lter using 
transabdominal ultrasound, standard venous 
access with Seldinger technique is preformed, 
and a venous sheath is placed in the femoral 
vein. The use of the right jugular vein is more 
diffi cult due to the inability to track the wire 
through the right atrium into the IVC in real 
time. A 0.035 in. guidewire is passed into the 
IVC under visualization with the ultrasound 
probe in both longitudinal and transverse axis. 
The renal veins are found in the transverse axis, 
and the venous sheath is then advanced just cau-
dal/inferior to the renal veins. The device is then 
deployed and visualized in both transverse and 
longitudinal manners with the ultrasound probe. 
An abdominal x-ray is then obtained to confi rm 
positioning, degree of angulation, and assurance 
of proper insertion of the device. 

 For deployment of IVC fi lters using IVUS, once 
again it is very dependent on the practitioner being 
familiar with vascular ultrasound imaging and the 
IVUS machine. One advantage IVUS has over tra-
ditional ultrasonography is that it can be used in the 
morbidly obese. Both a single stick and double 
stick method has been described in the literature; 
however the single stick method seems to be the 
more prevalent means at this date in time. For the 
single stick method, access is ideally obtained 
using  Seldinger technique   from the right common 
femoral vein. A radiopaque 8 Fr delivery sheath is 
then placed over the wire into the femoral vein, and 
the IVUS catheter is then placed into the suprarenal 
portion of the IVC. A slow retraction or pullback of 
the IVUS catheter is then done to assess vascular 
landmarks. Typically the practitioner will be able to 
identify both renal veins, the right renal artery run-
ning behind the IVC and caudally/inferiorly to the 
veins (Fig.  43.3 ). Also identifi ed is the confl uence 
of the IVC and the iliac veins. The renal veins are 
typically 35–40 cm from the femoral vein access. 
The iliac confl uence is usually 15–20 cm to femo-
ral access. Once the IVUS catheter is positioned 
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  Fig. 43.2    Insertion of an 
inferior vena cava fi lter 
via the right femoral vein 
(reprinted with 
permission from Dr. 
Demetrios Demetriades)       

just below the lowest renal vein, the 8 Fr radi-
opaque sheath is then advanced over the IVUS 
catheter until the radiopaque tip shadows the ultra-
sound image of the IVUS catheter. The sheath is 
then held in that position while the IVUS catheter 
and wire are removed in a standard pin and pull 
maneuver. The IVC fi lter is then passed into posi-
tion. The IVC fi lter is placed into the 8 Fr sheath 
and advanced with a blunt- tipped dilator until the 
fi lter is positioned with the top of the fi lter at the tip 
of the sheath. The sheath which has not been moved 
should be just below the renal veins, and the fi lter is 
then in the correct position for deployment. The 
dilator is then held secure with slight forward pres-
sure while the sheath is withdrawn once again uti-
lizing the  pin and pull method   to deploy the IVC 
fi lter in an infrarenal position. Filter position can 

then be confi rmed with a plain abdominal radio-
graph or through reintroduction of the IVUS over a 
wire and through a catheter into the IVC (see 
Fig.  43.4 ) [ 17 ].

43.5         Conclusion 

 The judicious use of IVC fi lters and the increased 
ease of insertion have allowed specialists in differ-
ent fi elds of medicine to place IVC fi lters. The 
evolution of IVC fi lter technology has played an 
integral role in not only the  preventi  on of PEs but 
also the ability to place them in multiple settings 
including at the bedside in the critically ill. IVC 
fi lters have been shown to be safely and effectively 
inserted in the critically ill patient at the bedside 
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  Fig. 43.4    IVUS 
placement of an inferior 
vena cava fi lter 
(Reprinted with 
permission from 
Volcano Corporation)       

  Fig. 43.3    IVUS 
identifi cation of the right 
and left renal veins       

with either the use of portable fl uoroscopy or ultra-
sound  guidance   [ 4 ]. Indications for placement at 
bedside include decreasing risks associated with 
transportation to angiography suites (decreased 
risk of both venous and arterial line dislodgement, 

unplanned endotracheal extubations,  dislodgement 
of drains, and the potential risk of hemodynamic 
instability during transportation) and the theoreti-
cal cost savings associated to the patient of doing 
the procedure at the bedside [ 4 ].     
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      Abbreviations 

   Afi b    Atrial fi brillation   
  Afl utter    Atrial fl utter   
  AI    Aortic insuffi ciency   
  AoV    Aortic valve   
  AVM    Arteriovenous malformation   
  AVNRT    AV nodal reentry tachycardia   
  AVRT    AV reciprocating tachycardia   
  BSA    Body surface area   
  BTT    Bridge to transplant   
  CHF    Congestive heart failure   
  CO    Cardiac output   
  CPR    Cardiopulmonary resuscitation   
  CT    Computed tomography   
  CVP    Central venous pressure   
  DBP    Diastolic blood pressure   
  DDAVP    desmopressin   

  DT    Destination therapy   
  ECMO    Extracorporeal membrane oxygenation   
  EKG    Electrocardiogram   
  EP    Electrophysiology   
  FDA    US Food and Drug Administration   
  FRC    Functional residual capacity   
  IABP    Intra-aortic balloon pump   
  ICD    Implantable cardiac defi brillator   
  IVC    Inferior vena cava   
  IV    Intravenous   
  LA    Left atrium   
  LPM    Liters per minute   
  LV    Left ventricle   
  LVAD    Left ventricular assist device   
  LVEDV    LV end-diastolic volume   
  LVEF    Left ventricular ejection fraction   
  MAP    Mean arterial pressure   
  MCS    Mechanical circulatory support   
  MV    Mitral valve   
  NYHA    New York Heart Association   
  PA    Pulmonary artery   
  PAM    PA mean   
  PAC    Premature atrial contraction   
  PAP    PA pressure   
  PCWP    Pulmonary capillary wedge pressure   
  PDE    Phosphodiesterase   
  PVC    Premature ventricular contraction   
  RA    Right atrium   
  RPM    Revolutions per minute   
  RV    Right ventricle   
  RVAD    Right ventricular assist device   
  RVEDV    RV end-diastolic volume   
  RVEF    RV ejection fraction   
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  RVFAC    RV fractional area of change   
  RVSWI    RV stroke work index   
  SBP    Systolic blood pressure   
  SV    Stroke volume   
  SVT    Supraventricular tachycardia   
  TAPSE    Tricuspid annular plane systolic 

excursion   
  TEE    Transesophageal echocardiogram   
  TV    Tricuspid valve   
  TR    Tricuspid regurgitation     VAD  

  Ventricular assist device   
  MRI    Magnetic resonance imaging   
  WHO    World Health Organization   
  PH    Pulmonary hypertension   
  UTI    Urinary tract infection   
  MRSA    Methicillin resistant  Staphylococcus 

aureus    
  vWF    Von Willebrand factor   
  LDH    Lactate dehydrogenase   
  tPA    Tissue plasminogen activator   

44.1         Introduction 

 Patients with one or both failing ventricles are 
increasingly offered mechanical circulatory 
support (MCS) with a ventricular assist device 
(VAD). These may be temporary devices to 
bridge the acutely ill patient to decisions on 
continued care, recovery, transplant, or a dura-
ble VAD implantation. Patients on a slower 
decline may be similarly offered a durable left 
VAD as a bridge to transplant (BTT) or as  des-
tination therapy (DT)   for those ineligible for 
transplant. More accurately all of these may be 
referred to as bridge to decision, as 5 % of 
durable VAD patients have resolution of the 
underlying  heart failure   (myocarditis, peripar-
tum cardiomyopathy) resulting in explants of 
the device; 17 % of DT patients underwent 
heart transplant after a mean of 10 months on a 
left ventricular assist device (LVAD), as sec-
ondary renal and hepatic insuffi ciency 
resolved. Further, BTT patients may develop 
stroke or  sepsis   negating their eligibility for 
heart transplant [ 1 – 4 ]. 

 Current devices use various methods of  providing 
a  continuous fl ow    MC  S to assist the failed ventri-
cle. This is in distinction to early devices that 
relied on pulsatile fl ow. 

 This chapter will provide an awareness of types 
of temporary and durable VADs currently avail-
able with the indications for each device. In addi-
tion, continuous fl ow physiology will be presented 
to help with the management of these patients 
whether acutely ill, in a postoperative implant 
period, or presenting with a separate illness. 

 A signifi cant focus will be placed on the dura-
ble devices and their management, as these will 
be the most likely for the clinician to encounter. 
Once the physiology is understood, many of the 
principles of management can be transferred to 
the temporary device management. 

 Common complications and their avoidance 
plus pitfalls in management of these patients will 
also be addressed. 

 Finally, we will provide resources available to 
assist the clinician who is unfamiliar with the 
devices and physiology or is facing complex 
challenges that may involve the devices.  

44.2     Background 

     a.    The prevalence of  congestive heart failure 
(CHF)   is high and likely to go up. Stages 3 
and 4 CHF are deadly with a 5-year survival 
rate of 29 % [ 5 ], worse than many types of 
cancers [ 6 ]. MCS devices can lower mortal-
ity [ 7 ] and improve functional status and 
quality of life [ 8 – 10 ].   

   b.    Indications
    i.    Advanced systolic  heart failure   from:

    1.     Nonischemic cardiomyopathies (NICM)  —
viral cardiomyopathy, postpartum, amy-
loid, etc.   

   2.     Ischemic cardiomyopathy (ICM)      
          c.    Pulsatile MCS is rarely used aside from the 

intra-aortic balloon pump (IABP). Two excep-
tions (CorWave disk membrane and tubular 
membrane pump and C-pulse periaortic cuff) 
[ 11 ,  12 ] are still in clinical trials: US Food and 
Drug Administration (US FDA)-approved 
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devices in commercial use, and almost all 
 others in the US and European trials at this 
writing now use  continuous  fl ow LVADs in 
two pump styles and two intended durations:
    i.    Temporary: all commercial devices are US 

FDA approved for up to 6 h for acute 
decompensating heart failure; however, 
there are many reports of off-label use of 
up to 2–3 weeks.

     1.     Centri-Mag  :
    a.    Centrifugal pump fl ow via a 

magnetic- levitation (mag-lev) motor 
with normal speed ranging from 
1500 to 5500 revolutions per minute 
(RPM) and max fl ows of 9.9 liters 
per minute (LPM) [ 4 ].   

   b.     Cardiac output (CO)   is measured 
with an in-line probe.   

   c.     LVAD   use requires anticoagulation to 
avoid arterial embolic phenomena.   

   d.     Right ventricular assist device (RVAD)   
use does not require  anticoagulation 
and approved for cardiogenic shock 
from RV failure up to 30 days [ 4 ].   

   e.    Approved for use to support circula-
tion in short term, while longer-term 
options are considered. Use as 
 bridge  to recovery or decision (i.e., 
durable device, transplant, weaning 
from cardiopulmonary bypass or 
withdrawal of care) is in evaluation 
period [ 4 ] (Fig.  44.1 ).

            2.     Impella  
    a.     Axial pump fl ow   (high velocity 

Archimedes’ screw) ranging from 
2000 to 40,000 RPM in 9 gradations 
of speed.   

   b.    Three sizes available: 2.5, 2.5 plus, 
and 5.0 with fl ows of 2.5, 3.3, and 5 
LPM, respectively [ 8 ,  9 ].   

   c.    Placed in retrograde fashion into the 
left ventricle (LV) from the aorta via 
femoral access in a standard arterial 
catheterization procedure. May be 
placed in open procedure into the 
ascending aorta near the innominate 
bifurcation.
    i.    The blood inlet is near the tip of 

the pump in the left ventricle.   

   ii.    The blood outlet is in the 
 ascending aorta, with the body 
crossing the aortic valve (AoV).       

   d.    May be used for  RV failure  
    i.    Pump fl ow is reversed compared 

to LV with infl ow at the base in 
the right atrium and the outfl ow 
at the tip in the pulmonary artery.   

   ii.    FDA approved for up to 14 days 
based on RECOVER-RIGHT 
trial [ 14 ].    

           3.     TandemHeart  
    a.    Centrifugal pump on a hydrody-

namic bearing suspended by 10 ml/h 
saline infusion that lubricates and 
cools pump.   

   b.    Pump is external to the patient.   
   c.    It is placed in venous side [ 3 ].   
   d.    Designed to eject blood within 1.5 

revolutions to minimize hemolysis 
at <5500 RPM.   

   e.     Transonic fl ow sensor  .   
   f.    Two insertion options:

    i.     Percutaneous  : 5 LPM max. 
Femoral venous access is 
obtained, and then a cannula is 
inserted via transseptal proce-
dure across the fossa ovalis to 
place the tip in the left atrium 
(LA). Blood is returned to the 
patient in the femoral artery 
 providing preload reduction and 
systemic perfusion.   

   ii.     Surgical  : 8 LPM fl ow max. LV 
apex or direct LA intake, then 
outfl ow returned directly via the 
aorta. Must be performed in the 
operating room (Fig.  44.2 ).

                   ii.    Durable: FDA-approved devices:  HeartMate   
II (BTT and DT) and  HeartWare   (BTT; DT tri-
als ongoing)

    1.    BTT: approved for patients who are listed 
as candidates for heart transplantation   

   2.    DT: approved nontransplant candidates 
with chronic end-stage heart failure (New 
York Heart Association (NYHA) Class 
IV LV failure) with LV ejection fraction 
(LVEF) <25 % and failed pharmacologic 
management for at least 45 of last 60 days 

44 Left Ventricular Assist Devices



426

  Fig. 44.1    ( a ) Biventricular VAD cannulation; ( b ) 
 CentriMag   circuits for both LVAD and RVAD; images A 
and B reproduced with permission from Kaczorowski 
et al. [ 13 ]. © 2013 Kaczorowski et al.; licensee BioMed 
Central Ltd. This is an Open Access article distributed 

under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is 
properly cited       

LA

TANDEM HEART PERCUTANEOUS IMPELLA PERCUTANEOUS

FO

OUTFLOW

INFLOW

  Fig. 44.2    Temporary percutaneous VAD examples.  FO  
foramen ovalis,  LA  left atrium.  TandemHeart  percutane-
ous schematic of infl ow through left atrium via atrial sep-

tal perforation/foramen ovalis from venous side;  Impella  
percutaneous and optional open through ascending aorta 
approaches       
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or IABP dependent for 7 days or inotrope 
dependent for 14 days [ 15 ]   

   3.    CO is  calculated  based on a complex 
algorithm incorporating speed (RPM), 
power (watts), and hematocrit (account-
ing for blood viscosity)   

   4.    Can last for >5 years [ 10 ]   
   5.    Requires full systemic anticoagulation 

within days after implant, but can run 
safely without for the fi rst few postop-
erative days   

   6.     HeartMate   II
    a.    Uses axial fl ow like an Archimedes’ 

screw at 6000–15,000 RPM [ 16 ].   
   b.    Sits on two bearings that can erode.   
   c.    The implanted pump sits outside of 

the chest, in a preperitoneal pocket 
with the driveline tunneled.    

      7.     HeartWare  
    a.    Uses  centrifugal pump fl ow   within a 

normal range of 2000–3000 RPM 
[ 17 ].   

   b.    It is a frictionless system in which the 
impeller fl oats by magnetic levitation 
and hydrodynamic thrust. The  hema-
tocrit must be >20 % , as  higher vis-
cosity is required  to keep the impeller 
fl oating [in a conversation with 
Stephen Boyce, MD. Investigator 
ADVANCE bridge to transplant trial. 
7/24/2014].   

   c.    The small pump and infl ow cannula 
size allow for pericardial placement 
and avoid the need for intra- 
abdominal access.    

              d.    Anatomy of  LVA  D (or RVAD)
    i.    Illustrations (Fig.  44.3 ). The infl ow can-

nula is placed in the left (or right) ventricu-
lar apex, and the outfl ow cannula is placed 
in the ascending aorta (or pulmonary artery 
(PA)). LVAD: apical infl ow cannula is 
directed perpendicular to the plane of the 
mitral valve (MV) annulus.

       ii.    Cannulation bypasses the AoV, that is why 
some patients have no pulse.    

44.3           Physiology (Same 
for Temporary and Durable) 

     a.    Pulse—the patient with a continuous fl ow left 
ventricular device may not have a palpable pulse. 
As long as the patient has physical signs of ade-
quate blood fl ow (mentation, appropriate renal 
function, and warm skin, etc.), it is not a problem 
and indicates full support by the LVAD. The lack 
of pulse implies that the AoV does not open dur-
ing ventricular systole [ 18 – 21 ].
    i.    How to check  blood pressure   without a 

palpable pulse:
    1.    Sphygmomanometer—Korotkoff 

sounds cannot be heard. Auscultate con-
stant, nonpulsatile blood fl ow with a 
Doppler probe over the brachial artery 
before the cuff is infl ated. Starting at a 
pressure of 130 mmHg, the cuff is man-
ually defl ated with the Doppler carefully 
positioned over the brachial artery.
    a.    When the continuous sound is heard, 

the cuff pressure approximates the 
mean arterial blood pressure.   

   b.    This method cannot assess systolic 
or diastolic blood  pressure  .   

   c.    Automated blood pressure cuffs 
should not be used and are unreli-
able without a pulse.       

   2.    Arterial catheter—gold-standard 
method to measure blood pressure. This 
invasive method is useful in the imme-
diate postoperative period or when reli-
able measurements are necessary [ 22 ].
    a.    Cannulation of the artery must be 

guided by ultrasound imaging.   
   b.    Measures mean arterial pressure 

(MAP).   
   c.    Systolic blood pressure (SBP).   
   d.    Diastolic blood pressure (DBP).   
   e.    A pulsatile waveform on the arterial 

line tracing should be visualized.    
      3.    Pulse pressure (SBP—DBP): Even the 

weakest heart (unless fi brillating) will 
have some arterial pulsatility due to 
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systolic contraction. If pulse pressure 
is larger than 25 mmHg, the AoV is 
likely opening, but requires confi rma-
tion by echocardiography. A small 
pulse pressure indicates a severely 
weak left ventricle or excessive RPM.    

      ii.    Pulse oximetry is unreliable without a 
pulse. Arterial blood gas must be used to 
confi dently determine hemoglobin oxy-
gen saturation.   

   iii.    How to check blood pressure if palpable 
pulse—this is no different than measuring 
blood pressure in a patient without an LVAD.
    1.    Auscultation—listen for Korotkoff 

sounds with a stethoscope or Doppler 
to obtain SBP and DBP.   

   2.    Automated noninvasive blood pressure 
monitor can be used.   

   3.    A  palpable pulse   implies that the AoV 
is opening.        

      b.    Blood fl ow—depends on cardiac loading con-
ditions and underlying myocardial function 
[ 17 ,  19 ,  23 ,  24 ].
    i.    Pressure vs blood fl ow (HQ curve) has an 

inverse relationship as depicted in Fig.  44.4 .
    1.     Head pressure (H) on the ordinate is 

the difference in aortic pressure (after-
load) and LV chamber pressure 
( preload). Head pressure is the  pressure 

the rotor must generate to pump blood 
out of the left ventricle.   

   2.    Blood fl ow (Q) on the abscissa is inversely 
proportional to the head pressure for a fi xed 
RPM.   

   3.    Preload (i.e., left ventricular pressure) is the 
greatest determinant of head pressure; higher LV 
pressure will improve fl ow through the LVAD.
    a.    Even severely myopathic left ventricle still 

follows Frank-Starling curve
    i.    Increase in LV volume will increase LV 

systolic contraction (up to a limit of 
distention).       

   b.    Increased myocardial contraction will 
increase left ventricular pressure.       

   4.    Afterload (i.e., MAP) also impacts fl ow; higher 
MAP will reduce fl ow through the LVAD.   

   5.    Increase RPM will increase  blood fl ow   if there 
is enough left ventricular preload.    
      ii.    Blood fl ow through  the   LVAD is greater 

during myocardial contraction, and thus it 
is pulsatile.
    a.    During systole, left ventricular pressure 

is higher (i.e., head pressure is lower) 
and blood fl ow increases.
    i.    Blood fl ow increases during systole 

with inotropic agents.       
   b.     Pulsatile fl ow   is present even if the AoV 

is closed.   

  Fig. 44.3    Durable continuous fl ow LVADs commercially available       
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   c.    Power consumption is proportional to 
blood fl ow. Energy consumption (i.e., 
Watts) by the LVAD is higher during 
systole.    

44.4               LVAD Device Parameters 

 There is only one variable to manipulate for both 
durable and temporary continuous fl ow devices—
rotor speed (RPM). All other variables displayed 
by the machine (blood fl ow, power, and pulsatility 
index (PI)) are either calculated or measured based 
on the physiology of the patient [ 17 ,  19 ,  23 ].

    a.    Blood fl ow in LPM—The displayed value 
may not refl ect true total CO related to the 
patient’s physiology and device limitations.
    i.    Physiologic conditions related to 

AoV. Knowledge of the AoV function is 
compulsory to determine degree of 

LVAD support. This is best determined 
by  visualization of AoV with echocar-
diography [ 26 ].
    1.    AoV opens during systole—the dis-

played value will underestimate true 
blood fl ow.
    a.    If AoV is opening then blood travels 

from the LV into the aorta by a paral-
lel circuit. Blood fl ows through the 
LVAD  continuou  sly in the cardiac 
cycle and also ejected through the 
AoV during systole.
    1.    Total CO is sum of the blood 

fl ow through the LVAD and 
AoV. However, it is not easy to 
assess the actual fl ow across the 
AoV.   

   2.    In steady state, the total CO will 
equal the venous return to the 
right heart. Thus, the best approx-
imation of the total CO in the 
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  Fig. 44.4     Flow-pressure (HQ)   curve for the HeartWare 
pump at a constant blood viscosity during the entire 
range of operating speeds in RPM. This HQ curve is 
used to estimate blood fl ow. Reproduced with permis-
sion from Larose et al. [ 25 ]. Adaptations are themselves 

work protected by copyright. So in order to publish this 
adaptation, authorization must be obtained both from 
the owners of the copyright in the original work and 
from the owner of copyright in the translation or 
adaptation       
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presence of an opening AoV is by 
calculation of CO (Fick or ther-
modilution) with a pulmonary 
artery catheter.    

      b.    If AoV is closed, then blood fl ows 
only through the LVAD and the dis-
played blood fl ow is more likely to 
approximate true CO.       

   2.    AoV insuffi ciency [ 27 ,  28 ].
    a.    Blood fl ow displayed by the LVAD 

overestimates the true CO delivered 
to the body.
    1.    AoV insuffi ciency creates recir-

culation phenomenon. A portion 
of the output from the aortic out-
fl ow graft will reenter the LV. This 
leads to  heart failure   despite ade-
quate function of the LVAD.   

   2.    Often develops in long-term 
LVAD implant.       

   b.    True CO is measured by pulmonary 
artery catheterization. See Table  44.1  
for management.

               ii.    Inaccuracy of the devices. The durable devices 
( HeartWare   and HeartMate II), the CO is cal-
culated [ 30 ,  31 ].

    i.    Each device uses a unique algorithm 
that integrates Watts and RPM.
    1.    HeartMate II algorithm is not 

accurate.   
   2.    HeartWare function also depends on 

 blood viscosity   and hematocrit also 
another variable in fl ow.   

   3.    Clot in the motor will overestimate 
blood fl ow.        

          b.    Power—the value displayed is the actual 
amount of energy consumed (in Watts) to spin 
the motor [ 17 ,  19 ,  32 ].
    i.    Power consumption is directly propor-

tional to the amount of blood fl ow through 
the LVAD (with one exception). The fol-
lowing device conditions relate to the 
power consumption:
    1.    The more  bl  ood fl ows through the LVAD, 

the more power is necessary to pump it.   
   2.    Power usage is higher during systole 

because more blood fl ows across 
the LVAD.   

   3.    If there is an obstruction of the in infl ow 
or outfl ow cannula or graft, then less 
fl ow will go through the pump and less 
power will be consumed.       

   ii.    Exception to the power—blood fl ow rela-
tionship. If a clot is present in the motor 
itself, power usage will increase for same 
amount of fl ow across the LVAD.
    1.    High power consumption (>10 Watts) 

can be a sign of pump thrombus. This is 
usually accompanied with signs of 
hemolysis.        

      c.     Pulsatility index (PI)  —It represents the con-
tractility of the left ventricle in relation to its 
loading conditions (preload and afterload) 
[ 16 ,  17 ,  19 ,  33 ].
    i.    Calculation.

    1.    PI = (peak fl ow − through fl ow)/mean 
fl ow       

   ii.    Device differences.
    1.    HeartMate II—displayed PI continu-

ously; normal range 3.5–5.5.   
   2.    PI is not available on temporary 

devices (i.e., CentriMag).   
   3.    HeartWare device—the pulsatility is 

visually represented as fl ow vs time 
graph. The PI is not calculated or dis-
played. Normal fl ow amplitude 
is > 4 LPM.       

   iii.    High pulsatility is seen in the following 
physiologic conditions.
    a.    Increase left ventricular preload.   
   b.    Myocardial recovery or inotropic med-

ications—this is often accompanied by 
opening of the AoV (i.e., LV pres-
sure > aortic pressure).   

   c.    Reduced afterload.   
   d.    Hyperdynamic states—exercise or 

sepsis.       
   iv.    Low pulsatility is seen in the following 

physiologic conditions:
    1.    Reduced LVAD preload from:

    a.     Hypovolemia  
    i.    Bleeding   
   ii.     Dehydration      

      b.     RV failure  
    i.    In setting of existing 

cardiomyopathy   
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   ii.    Existing pulmonary hyperten-
sion from chronic LV systolic 
failure   

   iii.     RV geometry change  
    1.    Due to ventricular interde-

pendence, the septum shift 
can change geometry of the 
tricuspid valve (TV) 
annulus 

    a.    Increase TR       
   2.    Increased venous return—

LVAD improves LV ouput 
and thus increases preload 
on struggling RV    

              2.     Excessive pump speed  
    a.    Can contract LV chamber size out-

pacing preload    
      3.     Infl ow cannula malposition  

    a.    If cannula shifts orientation may get 
partial occlusion effectively reduc-
ing LVAD preload.   

   b.    Infl ow or outfl ow cannula obstruc-
tion (Fig.  44.5 ).

44.5                        Troubleshooting 
and Complications (Fig.  44.6 : 
Algorithm) 

44.6         Complications 

     a.    Early postimplantation LVAD complications
    i.    RV dysfunction leading to failure is asso-

ciated with signifi cant morbidity and mor-
tality after LVAD implantation [ 34 ]. Some 
degree of RV dysfunction should be 
expected, and therefore, management 
should be both proactive and preventative 
[ 15 ]. If the patient is decompensating 
postoperatively, rapid measures to diag-
nose and treat RV dysfunction should be 
instituted (note: when RV dysfunction 
requires prolonged inotropic support 
and/or inhaled nitric oxide >1 week or 
RVAD implantation, then it is considered 
RV “failure”) [ 35 ].

    Table 44.1    Treatment recommendation for early postoperative  hemodynamic   management   

 Cardiac index (liters/min/
m 2 ) 

 MAP (mm 
Hg)  LV ejection  Primary recommendation  Alternative 

 <2.2  <65  No  Epinephrine  Dopamine 

 Vasopressin 

 Norepinephrine 

 Yes  Increase pump speed  Volume for low CVP 

 >65  No  Dobutamine  Milrinone 

 Yes  Increase pump speed 

 >90  No  Milrinone  Sodium nitroprusside 

 Yes  Nitroglycerin  Nicardipine 

 Hydralazine 

 >2.2  <65  No  Norepinephrine  Vasopressin 

 Yes  Norepinephrine  Vasopressin 

 >65 and <90  No  No intervention 

 Yes  No intervention 

 >90  No  Sodium nitroprusside  Milrinone 

  Nitr  oglycerin  Nicardipine 

 Hydralazine 

 Yes  Sodium nitroprusside  Nicardipine 

   CVP  central venous pressure,  LV  left ventricular,  MAP  mean arterial pressure 

 Treatment recommendations in the early post-op period. Feldman et al. [ 29 ] Open source document  
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  Fig. 44.5    Suction event negative defl ection examples. Image permissions from HeartWare       

Condition Diagnosis Cause

Watts Pulsatility CVP PAP PAOP MAP Echo

Low flows/output Underfilled LV, "chatter" at inflow Hypovolemia

Compressed RV Tamponade

or no change RA/RV dilated R heart failure

LA/LV dilated, AV opening, inflow malpositioned Inflow obstruction (rare)

LA/LV dilated, AV opening Outflow obstruction (rare)

No Change or  no Change or no change or no Change Variable filling Arrhythmia

High Flow No Change EF higher than expected with poor BP Vasodilation

or  no Change No change No Change or No Change Variable on stage of sepsis Sepsis

High Wattage/ power No change No Change Thrombus on pump Pump rotor thrombosis

Hi pulsatility or  no Change or  no Change LV emptying Increased LV function

or no change or LV not emptying Lead damage
Low pulsatility or or or LV not filling or not emptying & AV not opening Excessive pump speed or poor native 

ventricular function

INTERVENTIONS> Hgb <10= leuko-poor PRBCs
Hypovolemia

Hgb ≥10 = Colloids

-Volume
Stop Leak

-Consider Pump Speed

Tamponade
OR

RHF Maintain CI >2.2 & CVP 4-14; if 
increased PVR & MAP

Nitric Oxide
Milrinone

Dobutamine
Epoprostenol

RVAD

Obstruction- Inflow or Outflow

Arrhythmias (suction event) Treat Arrhythmia

Vasodilation Hold vasodilators; add pressor if no change

Sepsis Pressors and source control

Pump thrombosis

Add Anti platelets & 
Anticoagulants;

?Thrombolysis?(ICH risk!)
Device Exchange

?

Increased LV function Look for recovery

Lead Damage Check VAD Components

  Fig. 44.6    Troubleshooting algorithm. Once cause is determined in matrix, move to fl owchart for interventions. Chart 
adapted from Feldman et al. [ 29 ]. Open source document       
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    1.    RV function depends largely on septal 
positioning and LV contraction. As the 
LVAD decompresses the LV, the septum 
shifts to the left, thereby increasing RV 
compliance but decreasing RV contrac-
tility [ 36 ].   

   2.    Increased CO provided by the LVAD 
increases right heart venous return, 
which can overwhelm a chronically 
dysfunctional RV.   

   3.    Additionally, chronic pulmonary hyper-
tension from left  heart failure   increases 
RV afterload.   

   4.    As with any operation requiring  cardio-
pulmonary bypass (CPB)  , ventricular 
stunning can occur from inadequate myo-
cardial protection during cardiac diastolic 
arrest, further contributing to RV dys-
function in the postoperative period.   

   5.    Care should be guided by PA catheter 
monitoring, as changes in  central 
venous pressure (CVP),   CO, and PA 
pressures can be useful in assessment of 
RV preload, contractility, and afterload, 
respectively.   

   6.    Echocardiographic evaluation should 
be performed intraoperatively and as 
needed postoperatively to evaluate RV 
function, chamber size, and ventricular 
septum position.   

   7.    Focus should be on preventing RV fail-
ure, rather than treatment alone.   

   8.    Judicious use of volume infusion imme-
diately postoperatively is prudent as the 
RV receives increased preload from LV 
unloading and the RV may become over 
distended.    

      ii.    Shock (see Table  44.1  and Fig.  44.6 )—evi-
dence of malperfusion (oliguria, lactic aci-
dosis, low mixed venous saturation, 
mottling) in the setting of low CO and/or 
MAP; patients may have multiple etiologies 
of shock concomitantly.
    1.    Cardiogenic:  RV dysfunction  .

    a.     Diagnostic features  
    i.     Hemodynamics  

    1.    High CVP   
   2.    Evidence of severe TR: On 

CVP waveform may see large 

c-v waves with loss of 
y-decent as the incompetent 
TV elevates toward the right 
atrium and atrial fi lling pres-
sures are increased during 
ventricular systole   

   3.     Low pulmonary arterial mean 
pressure (PAM)   (unless chronic 
pulmonary hypertension)   

   4.    Low pulmonary capillary 
wedge pressure (PCWP)   

   5.    Low CO (thermodilution or 
Fick method)   

   6.    Low RV stroke work index 
(RVSWI). RVSWI = [(mean 
PAP − mean CVP) × SV]/BSA    

      ii.    Echocardiogram (transesopha-
geal echocardiogram (TEE) best)
    1.    Dilated RV estimated by 

RV end-diastolic volume 
(RVEDV)   

   2.    Reduced RV systolic func-
tion evaluated by: 
     i.    Tricuspid annular plane 

systolic excursion 
(TAPSE)   

   ii.    RV ejection fraction 
(RVEF)   

   iii.    RV fractional area change 
(RVFAC) = (end-diastolic 
area − end-systolic area)       

   3.    Moderate to severe tricuspid 
regurgitation (TR)   

   4.    Septal bowing toward small LV 
cavity in systole and diastole   

   5.    Large inferior vena cava (IVC) 
(caution as positive pressure 
from mechanical ventilation 
alone can cause IVC disten-
tion due to increased intratho-
racic pressure)       

   iii.    LVAD
    1.    Low PI, power, and fl ow ampli-

tude (due to the RV’s inability 
to provide LV preload).   

   2.    “Suction” events (See 
Fig.  44.5 ): same as above 
with additional temporary 
drop in RPMs due to severely 
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low LV end-diastolic volume 
(LVEDV) causing the endo-
cardial tissue to obstruct 
LVAD infl ow. The RPMs will 
gradually increase back to the 
set speed.        

      b.     Treatment/intervention  
    i.    Preload optimization—In the 

setting of signifi cant preopera-
tive diuresis for acute decompen-
sated heart failure, some volume 
may be needed postoperatively if 
low CO/fl ows associated with 
low fi lling pressures; however, 
for reasons aforementioned, it is 
common for the RV to become 
dilated and volume overloaded.
    1.    Volume removal—In severe 

RV dysfunction, hypotension 
may improve with volume 
removal as the Frank-Starling 
curve shifts up and to the left 
causing increased CO with 
decreased RV preload. 

     i.    Diuretics—bolus or 
continuous dosing   
   ii.    Ultrafi ltration       

   2.    Avoid excessive infusion of 
volume by concentrating 
drips.   

   3.    Reduce RPM—Decrease the 
amount of preload returned to 
RV by decreasing RPM (may 
reduce CO).       

   ii.    Afterload reduction.
    1.     Pulmonary vasodilators   

     a.    Inhaled nitric oxide. 
Signifi cantly reduces pul-
monary vascular resis-
tance and may improve 
LVAD fl ow [ 37 ,  38 ]   

   b.    Inhaled prostacyclin: 
epoprostenol. Can reduce 
PA pressures but may 
exacerbate blood loss 
given its platelet inhibi-
tion properties [ 39 ]   

   c.    Intravenous (IV) PDE 
type 3 inhibitor: milri-

none. Can reduce PA pres-
sures but may cause 
systemic hypotension   

   d.    IV peripheral arterial and 
venous dilator: sodium 
nitroprusside. Caution as 
causes hypotension and 
risk of cyanide toxicity   

   e.    Oral PDE type 5a inhibitor: 
sildenafi l [ 40 ]. Can cause 
systemic hypotension       

   2.    Techniques of  mechanical ventilation   
     a.    Judicious use of positive pressure 

ventilation   
   b.    Attempt to keep lungs at functional resid-

ual capacity (FRC) as atelectasis and alve-
olar overdistention increase pulmonary 
vasoconstriction   

   c.    Avoid hypoxemia and hypercarbia, which 
cause pulmonary vasoconstriction [ 41 ]           

   iii.     Increase contractility  .
    1.    IV PDE type 3 inhibitor: 

milrinone   
   2.     IV Beta agonist   

     a.    Dobutamine—provides 
both inotropy and chro-
notropy to improve CO   

   b.    Epinephrine—excellent 
inotrope but may cause 
lactic acidosis   

   c.    Isoproterenol—may be bet-
ter choice if patient has only 
fi xed amount of RV stroke 
volume, by increasing HR       

   3.    Improve RV geometry 
     a.    Reduce LVAD speed if 

septum shifted leftward 
and RV is volume 
overloaded       

   4.     Coronary perfusion pressure   
     a.    RV systolic function may improve with 

increased coronary blood supply. 
     i.    RV myocardial oxygen delivery depen-

dent on pressure differential of RV 
chamber pressure and MAP   

   ii.    RV coronary artery perfusion pres-
sure = MAP − mean RV pressure   

   iii.    Keep MAP higher particularly if CVP 
is also high            
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      iv.    RVAD or extracorporeal mem-
brane oxygenation (ECMO)—
use if severe RV failure not 
amenable to medical therapy 
above (i–iii) [ 42 ]    

          2.    Hypovolemia or  bleeding  .
    a.    Diagnostic features

    i.     Hemodynamics  
    1.    Low CVP   
   2.    Low PAP (unless baseline 

pulmonary HTN)   
   3.    Low PCWP   
   4.    Low CI    

      ii.    Bleeding
    1.    In immediate postoperative 

period, the most likely source 
is at surgical sites. 
     a.    Check mediastinal/pleural 

chest drains for output   
   b.    New or worsening anemia           

   iii.     Echocardiography  
    1.    Small RV and LV chamber 

sizes   
   2.    IVC small    

      iv.    LVAD
    1.    Low PI, power, and fl ow that 

will improve with volume 
infusion.   

   2.    “ Suction event  s” may occur.           
   b.    Treatment/intervention

    i.    IVF in small bolus increments if 
concern of hypovolemia   

   ii.     Bleeding  
    1.    Treat anemia with autologous 

blood or packed red blood cell 
transfusions (leukocyte reduced 
if bridge-to- transplant (BTT) 
patient). If HeartWare LVAD, 
adjust hematocrit level on mon-
itor accordingly to ensure accu-
rate fl ow estimation.   

   2.    Treat coagulopathy.   
   3.    Permissive mild hypotension to 

prevent bleeding exacerbation.   
   4.    Avoid/treat hypothermia with 

warming blanket, heated IV fl u-
ids, and heated ventilator circuit.   

   5.    Treat acidosis if pH < 7.25.   

   6.    Mediastinal exploration is 
imperative if ongoing bleeding 
refractory to medical therapy.    

              3.    Cardiac tamponade—blood clot can 
accumulate anywhere in the pericar-
dium and has compartmentalized com-
pression of any chamber; therefore, the 
typical “equalization of pressures” is 
not observed. Ultimately, high  suspicion 
based on the clinical exam and scenario 
should alert the bedside practitioner of 
this critical diagnosis.
    a.     Diagnosis  

    i.    Hemodynamics
    1.    High CVP   
   2.    High or normal PCWP   
   3.    Low CO   
   4.    Hypotension, gradual or 

precipitous, and frequently 
requires high dose vasopressors       

   ii.     Echocardiography  
    1.    May see pericardial effusion 

or clot compressing any 
chamber   

   2.    RV/right atrial (RA) collapse 
during diastole    

      iii.    LVAD
    1.    Low PI, power, and fl ow that 

transiently improve or not at 
all   

   2.    May have “ suction event  ” if 
left atrial (LA) compression        

          4.    Vasodilatation—likely cause immedi-
ately postoperatively is postcardiac 
surgery systemic infl ammatory 
response. Sepsis is a consideration 
but less likely.
    a.    Postcardiac surgery systemic infl am-

matory response syndrome
    i.    Diagnosis of exclusion (i.e., ruled 

out tamponade, RV dysfunction, 
hypovolemia, sepsis)   

   ii.    Mediated by complement activa-
tion, endotoxin, and cytokine 
release [ 43 ]       

   b.    Side effects of  inotropic medication  
    i.    PDE3 inhibition of milrinone 

and beta-2 agonistic effects of 
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dobutamine causing vascular 
smooth muscle relaxation   

   ii.    Hemodynamics
    1.    Low CVP   
   2.    Low PCWP   
   3.    Normal to high CO       

   iii.    Echocardiographic—nonspecifi c    
      c.    Sepsis

    i.    Consider infection in recent hos-
pitalized patient
    1.    Pneumonia if in hospital >48 h 

[ 44 ]   
   2.    Old central lines               

   5.     Arrhythmia  —rhythm optimization is 
important if perfusion is inadequate.    
    a.    Atrial (i.e., narrow QRS complex 

tachycardia, premature atrial contrac-
tions (PAC), rarely: supraventricular 
tachycardia (SVT) with aberrancy 
causing wide QRS complex)
    i.     Etiologies  

    1.    Atrial fi brillation (Afi b) and 
atrial fl utter (Afl utter)—often 
preexisting; particularly with 
chronic structural heart 
abnormalities (dilated atria, 
valvular disease)   

   2.    SVT: AV node reentry tachy-
cardia (AVNRT), AV recipro-
cating tachycardia (AVRT), 
atrial tachycardia—may be 
new onset or known history 
of SVT exacerbated by criti-
cal illness and inotropic/
chronotropic medications    

      ii.    Diagnosis
    1.    Atrial electrogram: touch 

epicardial atrial wire to ECG 
surface lead and discern any 
organized atrial activity; if 
there is no discernable atrial 
rhythm, then likely Afi b   

   2.    ECG or telemetry       
   iii.    Treatment

    1.    Pharmacologic cardiover-
sion—if adequate perfusion 
but new onset Afi b, can use 
amiodarone IV bolus and/or 

continuous infusion to 
achieve sinus rhythm.   

   2.    Synchronized cardiover-
sion—if SVT or new onset 
Afi b or Afl utter with inade-
quate perfusion (decrease 
MAP, CO, LVAD PI, power, 
and fl ow).   

   3.    Rate control—can use amio-
darone to slow the rapid ven-
tricular response [ 45 ].   

   4.    Avoid calcium channel 
blockers and beta-blockers in 
acute period as they are nega-
tive inotropes.   

   5.    Correct electrolyte 
derangements.   

   6.    Maze procedure (long-term 
possibility).           

   b.    Ventricular (i.e., wide QRS complex 
tachycardia, premature ventricular 
contractions (PVC))
    i.     Etiologies  

    1.    Underlying cardiomyopathy 
(often have implantable car-
dioverter defi brillator (ICD) 
preoperatively)   

   2.    Arrhythmogenic inotropic 
medications   

   3.     Suction event  s if RV failure, 
hypovolemia, excess RPM, 
LVAD malposition   

   4.    Aberrant myocardial depo-
larization from LVAD inser-
tion site   

   5.    Electrolyte derangements    
      ii.    Diagnosis

    1.    EKG and telemetry   
   2.    LVAD waveform and history 

screen—look for suction 
events and low fl ow alarms   

   3.    May need electrophysiology 
(EP) consultation for map-
ping and potential ablation 
(rarely done in the acute set-
ting after LVAD)   

   4.    If suspicion for LVAD can-
nula malposition can get chest 

R. Molyneaux et al.



437

computed tomography (CT), 
cardiac magnetic resonance 
imaging (MRI), or TEE       

   iii.    Treatment
    1.    Antiarrhythmics (usually 

amiodarone and lidocaine are 
safest in setting of low EF).
    a.    Any other antiarrhythmic 

should have EP consultation 
(dofetilide, mexiletine).       

   2.    Wean or change inotropes if 
possible.   

   3.    If related to suction events, 
treat underlying cause (i.e., RV 
failure, hypovolemia, etc.) and 
consider decreasing RPMs.   

   4.    Correct electrolyte 
derangements.            

          b.    Late postimplantation LVAD  compl  ications
    i.    After months, the RV becomes a passive 

conduit for blood into the LV. RV systolic 
function generally does not improve 
much, but the pulmonary vascular resis-
tance improves (assuming it was World 
Health Organization (WHO) group 2 pul-
monary hypertension (PH)); i.e., Fontan 
physiology; thus RV failure tends not to 
be an issue for late problems post-LVAD 
implantation [ 46 ,  47 ].   

   ii.    Shock.
    1.     Aortic insuffi ciency (AI)  —over time 

as MAP (i.e., aortic pressure) is greater 
than LV chamber pressure, it places the 
AoV in an unnatural pressure gradient 
and contributes to AI.
    a.    Mitigate this by gradually decreasing 

RPMs so that the AoV opens regu-
larly during the post- perioperative 
period.
    i.    Diagnosis

    1.    Echocardiogram-regurgitant 
fl ow across AoV       

   ii.    Treatment
    1.    When AoV develops AI, it is 

diffi cult to manage. 
    a.    Creates recirculation 

phenomenon 

     i.    Recirculation may get 
worse if fl ow/RPM 
increased.   

   ii.    Lowering RPM may 
contribute to worsen-
ing CHF.           

   2.    Transplant.            
      2.     Sepsis  

    a.     Etiologies  
    i.    Driveline infection—character-

ized by erythema, warmth along 
the subcutaneous driveline 
tract, may have fl uctuance or 
draining fl uid around the site
    1.    Use CT scan and u/s to see 

fl uid pockets.       
   ii.     Pump pocket infection  —

deeper-seated infection   
   iii.     Bloodstream infections  

    1.    Can be from central lines or 
other organ systems   

   2.    Thorough exam for source    
      iv.    Pneumonia   
   v.    Any reason to get infected (e.g., 

urinary tract infection (UTI), 
skin/soft tissue structure, joint 
implant)    

      b.    Diagnosis
    i.    Culture data       

   c.    Treatment
    i.    Assume that the LVAD patient is 

colonized with nosocomial patho-
gens and should get initial empiric 
abx coverage for methicillin- 
resistant Staphylococcus aureus 
(MRSA), Pseudomonas, and com-
mon local nosocomial organisms.   

   ii.    Tailor antibiotics to sensitivities 
and pathogen as soon as possible.   

   iii.    Must have source control: Any 
concern should be treated quickly 
and aggressively so not to con-
taminate LVAD.
    1.    Pump pocket and 

driveline—debridement.   
   2.    Bloodstream infections—

pull out infected catheter or 
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treat through if not able to 
remove.   

   3.    Surgical excision of infected 
area or incision and drainage 
of any collection of suspect 
fl uid in body.       

   iv.    May need to increase anticoag-
ulation (increased thrombosis in 
setting of infection).        

      3.    Bleeding
    a.    Usually arteriovenous malforma-

tions (AVMs)—LVAD develop 
AVM likely related to continuous 
fl ow physiology.
    i.    GI bleed—can be common and 

requires endoscopy and may 
require surgical intervention   

   ii.    Nose bleeds—rarely requires 
packing or embolization       

   b.    Acquired von Willebrand factor 
(vWF) defi ciency—shear stress 
contributes to breakdown of vWF 
multimers.
    i.    Stop antiplatelet agents   
   ii.    Desmopressin (DDAVP)   
   iii.    Cryoprecipitate (contains vWF)       

   c.    Blood products.
    i.    Be mindful of status (BTT vs DT). 

BTT does not want to acquire sen-
sitization to blood products.   

   ii.    When in doubt, use leukore-
duced blood products.           

   4.     Clotting  
    a.     Pump thrombosis  

    i.    Diagnosis
    1.    Evidence of hemolysis (high 

lactate dehydrogenase (LDH) 
and plasma free hemoglobin)   

   2.    High power surges   
   3.    Multislice CT scan with 

contrast   
   4.    Evidence of embolic phenomena       

   ii.    Treatment
    1.     Antiplatelet tagents   

(Eptifi batide[Integrilin])   
   2.     Antifi brinolytics   (low-dose 

tissue plasminogen activa-
tor (tPA))   

   3.    Increased anticoagulation (par-
ticularly in setting of infection)   

   4.    Device exchange        
              iii.     Stroke  .

    1.    Hemorrhagic—predisposed because 
on anticoagulation ± aspirin
    a.    Also associated with MAP >90; to 

avoid hemorrhagic strokes, LVAD 
patients should have good BP 
control.   

   b.    Aggressive reversal of anticoagulants.   
   c.    Neurosurgical evaluation if appropriate.       

   2.    Ischemic—occurs about 10 % of 
patients    
    a.    Etiologies

    i.    Embolic—atrial fi brillation, 
pump thrombus, or clot at AoV   

   ii.     Atherosclerotic disease  
    1.    Carotid   
   2.    Intracranial    

      iii.    Hypoperfusion        
      iv.    Cardiac arrest—generally traditional 

chest compression cardiopulmonary 
resuscitation (CPR) is not performed for 
patients who have LVADs. The algorithm 
does not apply here as many LVAD 
patients do not have palpable pulse.
    1.    Chest compressions are not advised if 

arrest is not related to device 
malfunction.
    a.    If there is some power output from 

the LVAD, fl ow must be going 
across the pump and other revers-
ible etiologies should be sought [ 17 , 
 19 ].   

   b.    Chemical medications, cardiover-
sion, and treatment of underlying 
process should be instituted without 
chest compressions. Case reports of 
abdomen show only CPR is suc-
cessful [ 48 ].       

   2.    If device malfunction is suspected, 
CPR is appropriate
    a.    Fractured driveline.   
   b.    Pump thrombosed.   
   c.    CPR does risk dislodgment of can-

nulation sites.           
   v.    Fractured driveline
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    1.    Etiologies include, but not limited to:
    a.    Motor vehicle collisions and acci-

dental movement   
   b.    Rough housing/wrestling/falls   
   c.    Malfeasance/suicide attempt       

   2.    Complex problem. Refer to tertiary 
care center that has active VAD pro-
gram. May require:
    a.    Explant with implant of new device   
   b.    Heart transplant—may move patient 

up on list.   
   c.     Terminatio  n of LVAD support or 

withdrawal of intervention            

44.7           Resources: Where 
to Get Help 

 Patients and families are trained and experienced in 
the function and features of their VAD and should 
be considered a fi rst-line resource when able. The 
patient’s clinical center where the device was placed 
typically has a team member on-call at all times. 
They may facilitate support at the closest qualifi ed 
center as well. Below is North American contact 
information for device manufacturers. Outside of 
North America, company websites typically guide 
you to your region for local contact information:

    Berlin Heart,  Inc. Telephone: 281-863-9700 
  http://www.berlinheart.de/index.php/kontakt/
content/kontakt_berlin_heart_us      

   HeartWare  , HVAD, MVAD. 24 Hour Clinical/
Technical Support US: (888) HW-INFO-5 
or (888) 494-6365.     http://www.heartware.
com/contact-us       

   Jarvik Heart , Jarvik 2000. Phone (212) 397- 3911 
   http: / /www.jarv ikheart .com/home.
asp?id=Contact       

   MicroMed , DeBakey VAD: assumed by 
ReliantHeart (see below)  

   MiTiHeart Corporation , 
MTIHeartLVAD. Phone: 301-869-9720    http://
mitiheart.com/#/contact-us/4556245704      

   ReliantHeart —formerly MicroMeds 
HeartAssist 5(US investigational use only) 
Phone: (713) 592-0913.   http://reliantheart.
com/about/contact-us/      

   Sunshine Heart  , C-pulse. Phone +1 952 345 4200  
   http://www.sunshineheart.com/contact-us/       

   Terumo , DuraHeart. Phone: 800-803-8385 
  http://www.terumoheart.com/us/index.php/
contact      

   Thoratec —HeartMate series XVE, II, and 
III;PVAD, IVAD, VentrAssist (formerly made 
by Ventracor). Customer Service & Technical 
Support: HeartLine™ (800) 456-1477   http://
www.thoratec.com/about-us/contact-us.aspx            
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45.1           Introduction 

 Extracorporeal membrane oxygenation (ECMO) is 
the  cornerston  e therapy of extracorporeal life sup-
port (ECLS) which encompasses all of the care of 
the  critically ill   or injured patient in need of oxygen-
ation when conventional therapies are failing. 
ECMO itself involves the  cannulation   of the central 
circulation, siphoning of the blood into a closed cir-
cuit, external oxygenation and removal of  CO 2   , and 
return of the blood to the patient (Fig.  45.1 ). ECMO 
has been utilized in neonates for many years, but is 
being increasingly utilized in the adult population, 
and this will be the primary focus of this chapter. 
Early decisions can be lifesaving in those with car-
diogenic shock, massive pulmonary insult due to 
trauma or infection, or refractory acute respiratory 
distress syndrome. In the adult population, ECMO 
has been historically viewed as a bridge to trans-
plant, but more recently, it is being used as a bridge 
to recovery after the initial insult has resolved.

   The main goals of ECMO are:

 –    Oxygenation and removal of  CO 2    from the cir-
culating blood and subsequent delivery to 
coronary vessels and tissues.  

 –    Myocardial rest    

 –   Continued efforts during ECMO to ventilate, 
clearance of secretions, and oxygen supple-
mentation using conventional techniques [ 1 ]   

  Relative contraindications include: 
   High-pressure ventilation   (plateau airway pres-

sures over 30 cm of water) for more than 7 days  
  High Fraction of Inspired Oxygen (FIO 2 ) require-

ments (over 80 % for more than 7 days)  
  Limited vascular access  
  Inability to accept blood products  
  Any condition or organ dysfunction that would 

limit the likelihood of overall benefi t from 
ECMO, such as severe, irreversible brain 
injury or untreatable metastatic cancer  

  Patients who cannot be  anticoagulated     

  Absolute contraindications include: 
  Patients with irreversible organ damage and mul-

tiorgan failure or those who are not candidates 
for  transplantation   will usually not benefi t 
from ECMO support.  

  Severe aortic regurgitation or aortic dissections are 
contraindications for venoarterial (VA) ECMO.     

45.2     Initiation of Therapy 

 The mode of ECMO is determined largely by the 
underlying organ system affected and the degree 
of hemodynamic stability. Primary respiratory 
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failure with hemodynamic stability can be man-
aged with venovenous (VV ECMO). Cardiac 
failure and hemodynamic instability should be 
managed with VA ECMO support. This will 
determine the  cannulation   sites chosen and sub-
sequent direction of fl ow. 

  Blood draining   from central venous circula-
tion determines pump preload, and this limits 
pump fl ow, regardless of the type of perfusion 
used. The amount of gas exchange across the 
oxygenation membrane is known as the 
“sweep rate.”

  Cannula sizes are chosen that will allow: 
  120 ml/kg/min for neonates  
  90 ml/kg/min for pediatrics  
  50–60 ml/kg/min for adults (see Percutaneous 

Cannulation for sizes)    

 The shortest length and largest diameter 
cannula should be chosen to reduce resistance 
to fl ow. This is best determined by the rated 
fl ow capacity of the ECMO lung compared to 
the fl ow rates intended for the patient. Arterial 
cannula should be large enough to allow for 
calculated fl ow and to avoid high circuit pres-
sures and blood shearing due to excessive fl ow 
through narrow cannula.  

45.3     Modes 

45.3.1      Venovenous   

 VV ECMO is “in series” with native circulation 
(blood is siphoned, oxygenated/CO 2  removed, 
and returned before leaving the right side of the 
heart) (Fig.  45.1 ).  

45.3.2      Venoarterial   

 VA ECMO is “in parallel” to native circulation and 
is true cardiopulmonary bypass as blood is siphoned, 
oxygenated/CO 2  removed, and returned to the arte-
rial side of the circulatory system (Fig.  45.1 ).   

45.4     Neonates/Pediatrics 

 A single-site double-lumen cannula is placed in 
the right internal jugular and advanced to the 
level of the right atrium (Fig.  45.2 ). A newer can-
nula technique (Avalon, Inc.) utilizes two drain-
age lumens (1 IVC, 1 SVC) and a single  return 
  lumen directed at the tricuspid valve. Although 
this technique provides excellent fl ow with mini-
mal recirculation, it requires echocardiography 
or fl uoroscopy for optimal placement and may 

  Fig. 45.1    ECMO  techniques         
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limit its use if these modalities are not available. 
This technique has seen increased use in adults 
with the development of adult-sized cannulae.

45.5        Adult Patients 

 These patients usually require two-site cannula-
tion unless as described above for single-site can-
nulation. Cannulae are usually placed in the right 
internal jugular and either right or left femoral 
vein for VV and femoral artery for VA. Alternate 
sites are discussed later. The direction of fl ow is 
determined by the ECMO physician and is based 
on anatomical factors (obesity, vessel size, etc.) 
that would impact the ability to siphon suffi cient 
blood to meet the patient’s oxygenation demands.  

45.6      Open Chest Cannulation   

 For those patients who undergo open heart sur-
gery and are unable to be weaned off of the 
bypass circuit, there is indication for central 
cannulation (Fig.  45.3 ). In this technique, the 
aortic and right atrial cannula is directly 

connected to the ECMO circuit in VA fl ow. The 
chest is then covered and the cannulae are 
secured to the patient.

45.7        Open Cannulation/Direct 
Visualization 

 If time allows, CT  angiograph  y of vessels should 
be reviewed prior to cannulation (Fig.  45.4 ). For 
those patients that are noted to have severe 

  Fig. 45.2    Single-site, double-lumen cannulation       

  Fig. 45.3     Open chest cannulation         
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peripheral artery disease or other contraindica-
tion for femoral cannulation, axillary cannula-
tion using a side graft of Dacron sewn to the 
artery allows cannulation by “stovepipe” and 
reduces risk of limb ischemia (Fig.  45.5 ). After 
removal of the cannula, a “diamond” patch of 
Dacron is used to  repair   the artery to reduce risk 
of future stenosis.

45.8          Percutaneous Cannulation 
Procedure   

  Step 1: Get your gear—initial setup and 
preparation 

•     Quiet down the room.   
•    Prep the patient with full-barrier, sterile scrub 

and drapes.   

•    Heparinize the patient: 3000–5000 units 
(100 units/kg).   

•    Fill a large, sterile bowl with NS and have a 
60 cc bulb syringe ready for cannula irrigation 
and fl ushing.   

•    Initial vascular access. 
 –     Be effi cient  : While setting up the circuit 

and the team is gathering supplies, start by 
obtaining vascular access (Fig.    45.6   ). 

 –       Initial access  : Place a right femoral CVC, 
a left femoral a-line, and a right IJ CVC 
under ultrasound guidance. If you already 
have an a-line, you can suture a femoral 
arterial wire in place for future use.   

 –    At this time, also determine any other lines 
that need placement and determine site of 
access (arterial, CVC, or PA catheter) (Fig.  
  45.7   ). 

 –       Pitfall  : Not placing these lines under ultra-
sound guidance, as we all know, in the 
critically ill or critically hypoxic patient, 
arterial blood can look the same color as 
venous blood. Don’t count on appearance 
alone. Even using a pressure column can be 
misleading.   

 –    Double check  :    Confi     rm wire placement in 
the lumen of the vessel.       

•     Cannulation Equipment 
 –     Cannulae 

     Venous cannulae    : sizes range from 23–29 
French steel wire reinforced   

    Arterial cannulae    : sizes range from 19–21 
French steel wire reinforced   

  Fig. 45.4     Open femoral cannulation         

  Fig. 45.5    “Stovepipe” cannulation       

  Fig. 45.6    Cannulation kit       
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  Fig. 45.7    Venous and arterial access needs       

   Different insertion lengths: range from 
15–55 cm (depending on manufac-
turer) (Fig.    45.8   ) 

      Lock introducer   
   The size of the venous cannula 

directly determines blood flow. 

The largest possible venous can-
nula should be used to maximize 
flow and easily achieve target 
output: 

•     Some will choose cannula size on fl ow 
goals alone.   
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•    Some data to suggest the use of US may 
be helpful to determine vessel lumen 
size and appropriate cannula size  [ 2 ].     

   Venous cannula length targets: 
•      Femoral    : Distal tip rests in the IVC, 

generally at the level of T10–T11. You 
do not want to advance the cannula past 
the hepatic vein, as this can cause an 
obstruction and hepatic congestion.   

•     Internal jugular    : Distal tip to rest in the 
SVC.   

•    Try to measure the lengths with the can-
nulae beforehand, so when advancing, 
you know when to stop!      

   Note  : For VV ECMO, circuit of a femoral 
drainage (deoxygenated blood) and inter-
nal jugular return cannulae (oxygenated 
blood) is believed to provide less recircu-
lation than the reverse (see Recirculation).           

  Dilators  : Series of 8, 12, 16, 20, and 24 French 
dilators  
  Step 2: Dilate up the initial insertion sites 

•     Insert the 150-cm guide wire through the dis-
tal port of the femoral CVC.   

•    Remove the CVC and hold pressure over the 
insertion site to prevent excessive bleeding.   

•    Load the 8 French dilator onto the introducer 
wire and advance it just to the skin. 
 –     Prior to advancing the dilator, you will 

have to extend your initial incision.   
 –    Extend the incision by about 1 cm just 

smaller than the size of your dilator.   
 –    This will provide adequate hemostasis each 

time you dilate the soft tissue.      
•    Introduce the dilator in a corkscrew-wise fash-

ion, advancing the dilator at the level closest 
to the skin.   

•    As you advance the dilator, periodically check 
to make sure your guide wire freely moves 
within the dilator itself. If you develop a kink 
or diffi culty passing the dilator, you run the 
risk of lacerating the vessel.   

•    Repeat this step for each dilator up until you 
reach the appropriate size for your chosen 
cannula.     

  Step 3: Inserting the ECMO cannula 

•     After your fi nal dilation, load your introducer 
onto the 150-cm guide wire.   

•    Advance the introducer through the soft tis-
sue, far enough that you actually dilate the 
wall of the femoral vein.   

  Fig. 45.8     Cannulation 
dilators         
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•    Remove the introducer and hold lots of 
pressure.   

•    Load your venous cannula onto the introducer, 
then onto the 150-cm guide wire.   

•    Finally, advance your cannula to the prede-
cided distance.   

•    Remove the dilator and wire and double clamp 
the open end of the cannula.   

•    Flush your cannula with a copious amount of 
sterile saline.   

•    Pearl: There is a slight step-off between the 
cannula and the introducer due to the actual 
thickness of the wire-reinforced cannula itself. 
If your dilation is inadequate, this step- off can 
get hung up on the soft tissue while attempting 
to insert it into the vessel.   

•    Pearl: You can use your ultrasound to visual-
ize cannula placement in the IVC! Use it.     

  Step 4: Connect to the cannula to the circuit 

•     Check the circuit tubing  : Remove all twists 
and coils. Make sure that there is plenty of 
length between the circuit and the cannulae 
themselves.   

•    Irrigate the ends of the tubes  : As you attach 
the cannulae to the circuit tubing, use the bulb 
syringe to irrigate the ends to prevent air from 
getting trapped in the tubing (Fig.    45.9   ). 

       Step 5: The same steps above for the return 
cannula  

  Step 6: Turn on the circuit 

•     Goal fl ow for VV ECMO (in adults) about 
50–60 cc/kg/min  . You can start at around 2 l 
and titrate up, usually to a goal of 4–5 lpm.   

•    Start the sweep at about 2 lpm (for CO   2    clear-
ance) and titrate (Fig.    45.10   ). 

       Step 7: Cleanup and confi rmation 

•     Order a chest and abdominal XR to confi rm 
cannula location.   

•    While you are waiting, you can also perform a 
bedside ultrasound to visualize the cannula tip 
in the IVC.   

•    Make sure your cannulae are secure. Usually, 
place at least two stabilizing sutures (for IJs) 
and three to four for the femoral cannulae with 
a 0 silk suture. Cover the sites with a sterile 
dressing  [ 2 ].     

45.9     Weaning 
and Discontinuation 
of ECMO 

 For patients with isolated respiratory failure, 
indications that the patient may be ready for 
weaning from ECMO would be improvements 
in pulmonary compliance, arterial oxygen 
 saturation using standard ventilation modali-
ties, and improved radiographic appearance. 

  Fig. 45.9     Cannula 
fi lling         
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This is accomplished by slowly reducing gas 
exchange through the oxygenator in the circuit 
and then eventually stopping all gas exchange. 
Although ECMO circulation continues, no gas-
ses are exchanged. If the patient tolerates this, 
they may be decannulated. 

 Similarly, for patients on ECMO for  cardiac 
failure  , indications that the patient is ready to 
come off of ECMO would be enhanced aortic 
pulsatile wave form and improved left ventricu-
lar function. However, the technique for wean-
ing is different than in VV ECMO. VA ECMO 
trials require temporary clamping of both the 
drainage and infusion lines while allowing the 
ECMO circuit to circulate through a bridge 
between the arterial and venous limbs. This 
bridge prevents thrombosis of stagnant blood 
within the ECMO circuit. Because of the 
increased risk of thrombus formation in the VA 
circuit, VA ECMO weaning trials are usually 
shorter than in VV ECMO and require constant 
heparinization of the circuit during weaning. If 
the patient continues to fail, they may be candi-
dates for a ventricular assist device (VAD) [ 3 ].  

45.10      Decannulation   

 For open cannulation techniques, arterial vessels 
are repaired with patch, and veins are repaired or 
ligated. For percutaneous cannulation, direct 
pressure is usually suffi cient with close observa-
tion for development of pseudoaneurysm or arte-
riovenous (AV) fi stula.  

45.11     Complications 

 The  complica  tions due to ECMO are mainly 
attributed to vascular injury due to cannulation 
and anticoagulation side effects. 

 Cannulation injuries include limb ischemia 
and potential amputation, vessel laceration or 
dissection, pseudoaneurysm, and AV fi stula 
formation. 

 Anticoagulation side effects range from spon-
taneous intracranial hemorrhages and ischemic 
watershed infarcts to spontaneous solid organ 
hemorrhage and subsequent life-threatening 
hemorrhage [ 4 ].  

  Fig. 45.10    ECMO module       
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45.12      Recirculation   

 Recirculation is the inadvertent siphoning of 
oxygenated blood from the circuit that is pulled 
into the venous cannula. This is common dur-
ing ECLS when using VV circulation only and 
can occur in both single and double cannula cir-
cuits. Due to mixing of the blood, circuit SVO 2  
is invalidated. Additionally, when recirculation 
occurs, the effectiveness of the VV circuit is 
reduced as that portion of the blood never 
reaches the native circulation. To counteract 
this effect, higher fl ow rates are required; how-
ever, fl ows >400–500 ml/min will result in fur-
ther recirculation and may actually reduce 
oxygenation. Clinically, recirculation is evi-
denced by falling arterial oxygen saturation 
(SPO 2 ) and concurrent rise in circuit mixed 
venous oxygenation (SVO 2 ). Troubleshooting 

may simply involve repositioning the patient’s 
head when a double-lumen cannula is used. 
Recirculation in two-cannula systems is likely 
due to the cannulae being in close proximity 
and may be solved by cannula repositioning. 
Another option would be to change the direc-
tion of fl ow with a decrease in the incidence of 
recirculation using drainage from a femoral 
vein and return to the IJ cannula [ 3 ].  

45.13     Conclusion 

 ECMO remains an option for those patients who 
fail conventional ventilation modalities and those 
in cardiogenic shock. Most recently, ECMO has 
been shown to improve survival of some patients 
diagnosed with the H1N1 infl uenza virus [ 5 ]. 
Early involvement of an ECMO center and team 
is essential for improved outcomes in these 
patients (Fig.  45.11 ). Entire ECMO courses are 
available to assist the practitioner in managing 
these complex patients.
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 nasal packing  ,   242  
 occurrence  ,   241  
 preparation and setup  ,   242   ,   243   
 procedure  ,   243–244      
 treatment paradigm  ,   241    
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 internal jugular  ,   448  
 venous  ,   446  

 cannulation  ,   443   ,   444  
 cannulation dilators  ,   448  
 cardiac failure  ,   450  
 CO 2   ,   443   
 complications  ,   450  
 critically ill  ,   443  
 decannulation  ,   450  
 high-pressure ventilation  ,   443  
 modes 

 venoarterial  ,   444  
 venovenous  ,   444  

 myocardial rest  ,   443  
 neonates/pediatrics  ,   444  
 open cannulation/direct visualization  ,   445   ,   446  
 open chest cannulation  ,   445  
 open femoral cannulation  ,   446  
 percutaneous cannulation procedure  ,   446–449   
 recirculation  ,   451  
 techniques  ,   444  
 transplantation  ,   443   

  Extraglottic  ,   43   

  Extraglottic devices (EGDs)  ,   52   
  EZ-IO drill  ,   125   ,   126   
  EZ-IO kit  ,   125   ,   126     

 F 
  Failed airway  ,   51   ,   57    . See  Diffi cult airway  
  Fasciotomy  ,   373   ,   378   ,   384–386                          

 anticoagulation therapy contraindications  ,   388–389   
 catheter  ,   384  
 chronic issues  ,   387   
 closure  ,   387   ,   388   
 compartment syndrome  ,   383   
 fi ve Ps  ,   383  
 interstitial pressure  ,   383  
 intracompartmental pressure monitor system  ,   384  
 lower extremity 

 anatomical compartments  ,   385  
 anterior compartment  ,   385  
 electrocaudery  ,   385  
 lateral compartment  ,   385  
 medial compartment  ,   385  
 metzenbaum  ,   385  
 peroneal artery and nerve  ,   385  
 peroneal nerve and superfi cial peroneal nerve  ,   385  
 posterior compartment  ,   385  
 posterior deep compartment  ,   385  
 posterior superfi cial compartment  ,   385  
 protrusion/edema  ,   385  
 saphenous vein and nerve  ,   385  
 tibial plateau/lateral condyle  ,   385  

 medicolegal complications  ,   388  
 reperfusion/constriction  ,   383  
 treatment 

 acute compartment syndrome  ,   384  
 edema  ,   384  
 heat stroke and dehydration  ,   384  
 hypoperfusion  ,   384  
 renal failure  ,   384  
 traumatic rhabdomyolysis  ,   384  

 upper extremity 
 carpal tunnel  ,   386  
 dorsal compartment  ,   386  
 mobile wad  ,   386  
 radial/ulnar pulses  ,   386  
 volar compartment  ,   386  

 wound care  ,   386   
  FAST   . See  Focused assessment with sonography 

for trauma (FAST)  
  Feeding tube 

 enteral  ,   250  
 placement  ,   252–253      
 Salem sump or small-bore silicone  ,   249  
 surgical or endoscopic placement  ,   250   
 temporary  ,   252    

  Femoral artery 
 anatomy  ,   92   
 placement technique  ,   95   ,   97  
 securing and dressing  ,   95   ,   97  
 ultrasound guidance  ,   94   
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  Femoral traction   . See  Skeletal traction  
  Femoral vein  ,   100–102      
  Fentanyl  ,   85   
  Fever  ,   237   
  Fiberglass splinting  ,   349   
  Filiform with followers  ,   290   ,   291    
  Flexible bronchoscopy 

 conscious sedation  ,   82  
 control handle  ,   84   
 diagnostic indications  ,   82–83      
 equipment  ,   84–85   
 fl exible shaft and distal tip  ,   84   ,   85  
 ICU setting  ,   82  
 therapeutic indications  ,   82   ,   83    

  Focused assessment with sonography for trauma 
(FAST)  ,   311   

  Focused Professional Practice Evaluation (FPPE)  ,   28   
  Foley catheters  ,   244   ,   287   ,   288     
  Forearm veins  ,   117   
  Fracture management 

 principles  ,   357   
 traction  ,   357   ,   358    

  Frazier’s Point  ,   219    
  Frontal sinus  ,   239     

 G 
  Gangrenous cholecystitis  ,   321   
  Glasgow Coma Scale (GCS)  ,   215   
  Guidewire  ,   115   
  Guillain–Barré syndrome  ,   225   
  Gum elastic bougie  ,   51     

 H 
  Hematuria 

 clot evacuation  ,   294  
 continuous bladder irrigation  ,   295  
 Foley selection  ,   294   

  Hemodialysis access catheter  ,   103   
  Hemodynamic instability  ,   85   
  Hemodynamic monitoring  ,   91   ,   96   ,   110    
  Hemoperitoneum  ,   311   ,   312   ,   317   
  Hemophilia  ,   245   
  Hemopneumothorax 

 Cholothorax  ,   181  
 Empyema  ,   181  
 Hydrothorax  ,   181  
 Pleural effusion  ,   181   

  Hemoptysis  ,   82    
  Hemothorax  ,   110  

 blood lost  ,   180  
 blunt/penetrating thoracic trauma  ,   180  
 breath sounds  ,   180  
 signs and symptoms  ,   180   

  High-reliability organizations (HROs)  ,   18   
  Hospital  ,   7    
  Humerus 

 feeling humeral head  ,   126   
 greater tubercle  ,   126   ,   127  

 insertion  ,   130       
 location of surgical neck  ,   126   ,   127  
 placement of left hand  ,   126   ,   127  
 placement of right hand  ,   126   ,   127  
 positioning arm  ,   126   
 vertical line of insertion  ,   126   ,   127   

  Hydrocephalus  ,   215   
  Hypercarbia  ,   323   
  Hypovolemia/pneumothorax  ,   103   
  Hypoxemia  ,   83     

 I 
  IABP   . See  Intra-aortic balloon pump (IABP)  
  IC-HTN   . See  Intracranial hypertension (IC-HTN)  
  ICP   . See  Intracranial pressure (ICP)  
  ICU  ,   244–245       

 bronchoscopy  ,   34  
 cardiovascular procedures  ,   36  
 complications 

 coagulation abnormalities  ,   245  
 embolization and surgical ligation  ,   245  
 hemophilia  ,   245  
 maxillofacial fractures  ,   244   ,   245  
 posterior packing  ,   244–245  

 critical care or E/M  ,   38  
 incision and drainage  ,   37  
 neurological procedures  ,   36  
 private payer billing  ,   33  
 procedures  ,   33    
 vascular access  ,   33   ,   34   

  ICU patient 
 sinusitis  ,   240   

  Idiopathic intracranial hypertension  ,   215   
  Immobilization 

 ankle  ,   354  
 extremity  ,   349   
 fi berglass or plaster splinting  ,   349  
 orthopedic injuries  ,   356   

  Infection control  ,   18   
  Infectious Diseases Society of America (IDSA)  ,   18   
  Inferior vena cava (IVC)  ,   413–416           

 anatomical considerations 
 atrial-caval junction  ,   416  
 blood return  ,   415  
 cardinal veins  ,   416  
 iliac veins  ,   415   ,   416  

 coagulation markers  ,   416  
 contraindications  ,   415  
 fl uoroscopy/ultrasound guidance  ,   420  
 iatrogenic injury  ,   416  
 iliac vein  ,   417   ,   418  
 indications 

 Class II and III  ,   415  
 embolic venous clots  ,   413  
 prophylactic IVC fi lters  ,   415  
 return blood  ,   413  
 systemic cardiovascular collapse  ,   413–414  

 internal jugular vein  ,   417  
 IVC fi lters  ,   414     
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 pin and pull method  ,   419  
 pulmonary embolism (PE)  ,   413   ,   419  
 radiopaque markers  ,   418  
 radiopaque regions  ,   417  
 renal caval junction  ,   418  
 Seldinger technique  ,   417   ,   418  
 surgery and radiology  ,   413  
 trauma surgeons  ,   416   

  Infraorbital nerve  ,   237   ,   240   
  Infraumbilical approach  ,   312   
  Insuffl ation  ,   320   ,   322   ,   323   
  Integrated arterial access kit  ,   93   ,   94   
  Intensive care unit (ICU) 

 bedside anesthesia  ,   13   ,   14  
 bedside laparotomy  ,   9   ,   10  
 equipment  ,   11–14      
 IVC fi lter  ,   15  
 Joint Commission  ,   8  
 morbidity and mortality  ,   319  
 quality of care  ,   7  
 risks  ,   319   
 room setup  ,   7   ,   8  
 staff  ,   11  
 Universal Protocol  ,   7   

  Intensivist  ,   3   
  Internal jugular vein (IJV)  ,   100–104   ,   106            
  Intra-abdominal hemorrhage  ,   328   
  Intra-aortic balloon pump (IABP)  ,   148   ,   154–159                      

 afterload reduction  ,   150  
 aortic dissection  ,   150  
 aortic valve  ,   153  
 arterial pressure waveform  ,   149  
 atrial fi brillation  ,   147  
 cardiogenic shock  ,   147  
 complications 

 balloon leak  ,   157  
 removal  ,   148   ,   157–158   
 surgical removal  ,   159  
 thrombocytopenia and bleeding  ,   156–157  
 vascular  ,   157  

 counterpulsate blood  ,   150  
 device contents  ,   147   
 dyssynchrony  ,   149  
 femoral artery  ,   151   ,   153   
 intercostal spaces  ,   155  
 left ventricular (LV) function  ,   150  
 mechanical cardiac assist  ,   147  
 needle lumen  ,   151  
 percutaneous Seldinger technique  ,   151  
 post-procedural care 

 anticoagulation  ,   154  
 pharmaceutical and arrhythmia management  , 

  155–156   
 removal 

 arterial bleeding  ,   159  
 chlorhexidine solution  ,   159  
 femoral artery  ,   158  
 inotropes and vasopressors  ,   158  
 local anesthetic use  ,   158  
 mechanical circulatory device  ,   158  

 platelet count  ,   158  
 protective equipment  ,   158  
 sterile gauze  ,   159  

 Seldinger technique  ,   154  
 systolic and diastolic phases  ,   147  
 troubleshooting 

 timing errors  ,   156  
 trigger, loss  ,   156    

  Intracranial hemorrhage (ICH)  ,   215   
  Intracranial hypertension (IC-HTN)  ,   203   
  Intracranial pressure (ICP) 

 elevation of  ,   214   
 waveforms, monitoring  ,   216–218       

  Intracranial pressure monitoring (ICP)  ,   205–210                    
 advanced practice providers (APPs)  ,   203  
 aortic valve  ,   204  
 catheters  ,   204  
 cerebral edema  ,   205  
 cerebral perfusion pressure (CPP)  ,   203  
 complications  ,   206–207   
 contraindications 

 coagulopathy  ,   205  
 Coumadin  ,   206  
 fl uid overload  ,   206  
 hemorrhagic collection  ,   206  
 thrombocytopenia  ,   205  
 uremia  ,   206  

 external ventricular drainage (EVD)  ,   204  
 hydrocephalus  ,   205   
 hyperosmolar therapy  ,   203  
 ICP monitor placement  ,   203–206   ,   211     
 ICU  ,   211  
 insertion techniques 

 coronal suture  ,   209  
 intraparenchymal ICP bolt  ,   210    
 tunneled intraparenchymal  ,   209–210    

 intraventricular catheter  ,   203  
 neurologic and non-neurologic disorders  ,   203  
 neurosurgeons  ,   203  
 nurse practitioner  ,   203   ,   211  
 pearls  ,   210–211   
 physician assistant  ,   203   ,   211  
 pitfalls  ,   211   
 procedure 

 anesthesia  ,   207–208   
 materials  ,   208–209    
 neurological illness  ,   207  

 strokes  ,   205  
 subarachnoid hemorrhage (SAH)  ,   205  
 traumatic brain injury (TBI)  ,   204   

  Intraosseous (IO)  ,   125–130                  
 complications  ,   131  
 contraindications  ,   125  
 defi nition  ,   125  
 equipment/procedure 

 adult insertion site identifi cation  ,   126–128        
 EZ-IO  ,   125   ,   126    

 insertion completion 
 adult (responsive to pain): recommended 

anesthetic  ,   129   ,   130  
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 Intraosseous (IO) (cont.) 
 adult: unresponsive to pain  ,   130  
 aspirate, blood/bone marrow  ,   129  
 dressing in place  ,   128   ,   129  

 needle set selection  ,   128   
 removal technique  ,   130–131    

  Intrathecal medication administration  ,   225   
  Intraventricular hemorrhage (IVH)  ,   213   
  Introducer  ,   115   
  iPatient  ,   18   
  Ipsilateral nipple  ,   100   
  Ischemic cardiomyopathy (ICM)  ,   424   
  IVH   . See  Intraventricular hemorrhage (IVH)    

 J 
  Jugular/femoral approach  ,   112     

 K 
  Keen’s Point  ,   219   
  Kiesselbach plexus  ,   242   
  King LT (laryngotracheal) airway  ,   52   ,   54   
  Kirschner wire (K-wire) or Steinmann pin  ,   358–361          
  Kocher clamp  ,   324   
  Kocher’s Point  ,   218–219      

 L 
  Laryngeal mask airway (LMA)  ,   52    
  Laryngoscopy  ,   49   
  Left bundle branch block (LBBB)  ,   110   
  Left ventricular assist device (LVAD)  ,   425   ,   427–430   , 

  437   ,   439      
  Left-sided colonic or rectal ischemia  ,   281   
  Long leg splint  ,   354   
  Low pulmonary arterial mean pressure (PAM)  ,   433   
  Lower extremity guillotine amputation  ,   394–396          

 dressing 
 coagulopathic  ,   396  
 postoperative bleeding  ,   396  
 xeroform/vaseline gauze  ,   396  

 preparation  ,   394  
 procedure 

 antibiotics and therapeutic  ,   394  
 electrocautery  ,   394  
 ligate  ,   395  
 proximal amputation  ,   395  
 skin edge bleeding  ,   396  
 venous blood loss  ,   395  

 skin edge bleeding  ,   394  
 supplies  ,   394   

  Lumbar puncture (LP) 
 anatomy  ,   226    
 complications  ,   232–233   
 contraindications  ,   226   
 CSF tests  ,   231–232   
 degenerative neurologic diseases  ,   225  
 indications  ,   225  
 post-procedure  ,   231  

 pre-procedure  ,   227–229       
 procedure  ,   229–231        

  Lundberg waves  ,   217     

 M 
  Maintenance of certifi cation (MOC) 

 ABIM  ,   29  
 ACP  ,   29  
 NCCPA  ,   29  
 PANCE  ,   28  
 Radiation Safety Certifi cation  ,   29  
 state or national certifi cation agencies  ,   26   

  Malpractice and Insurance Claims data  ,   26   
  Maxillary sinus 

 anatomy  ,   237   ,   239  
 complications  ,   240   
 contraindications  ,   238  
 diagnosis  ,   237   ,   238   
 indications  ,   237  
 preparation/materials  ,   238   
 procedure/technique  ,   238–240     

  Maxillofacial fractures  ,   244   
  MCL   . See  Midclavicular line (MCL)  
  Mean pulmonary artery pressure (PAP)  ,   113   
  Measure mean arterial pressure (MAP)  ,   91   
  Meatal stenosis  ,   293   
  Mechanical circulatory support (MCS)  ,   424   
  Median basilic brachial vein  ,   117   
  Median basilic vein  ,   117   
  Medicare billing 

 E/M services  ,   32  
 NP services  ,   32    
 PA services  ,   31–32     

  Meningitis  ,   225   ,   227   ,   232     
  Metabolic acidosis  ,   320   
  Metastatic disease  ,   225   
  Microintroducer (modifi ed Seldinger) technique  ,   118–119   
  Midazolam  ,   85   
  Midclavicular line (MCL)  ,   172   
  Mikulicz-Rosenheim esophagoscope  ,   81   
  Mixed venous oxygenation (SVO 2 )  ,   113   
  MOC   . See  Maintenance of certifi cation (MOC)  
  Modifi ed Early Warning System (MEWS)  ,   18   
  Modifi ed Seldinger technique  ,   93   ,   117   ,   118   
  Monro–Kellie doctrine  ,   214   
  Mucous accumulation  ,   83      

 N 
  Nasal packing  ,   241  

 anterior  ,   243   ,   244   
 for epistaxis    (see  Epistaxis )  
 prophylactic antibiotics  ,   242   

  Nasal tampons  ,   241–243     
  Nasoenteric tube  ,   249   ,   250   ,   254   
  Nasogastric (NG)  ,   255  

 tube placement    (see  Diffi cult nasogastric tube )   
  National Commission on the Certifi cation of Physician 

Assistants (NCCPA)  ,   29   

Index



461

  National provider identifi er (NPI)  ,   32   
  Needle aspiration  ,   86   
  Needle cricothyroidotomy  ,   60–62        

 advantages and disadvantages  ,   61  
 procedure 

 complications  ,   62   
 instruments  ,   61–62  
 landmark identifi cation  ,   61   
 patient preparation  ,   61  
 transtracheal ventilation  ,   60   

  Negative pressure wound therapy (NPWT)  ,   333   ,   334   , 
  340   ,   402     

  Neurological procedures  ,   36   
  Neurosyphilis  ,   225   
  NG   . See  Nasogastric (NG)  
  Nonischemic cardiomyopathies (NICM)  ,   424   
  Nose–ear–xiphoid (NEX)  ,   257   
  NP   . See  Nurse practitioner (NP)  
  NPI   . See  National provider identifi er (NPI)  
  NPWT   . See  Negative pressure wound therapy (NPWT)  
  Nurse practitioner (NP) practice  ,   31     

 O 
  Obturator wire  ,   115   
  Occupational therapists  ,   5–6    
  OG   . See  Orogastric (OG) tubes  
  Olympus fl exible cystoscope  ,   292   
  Ongoing Professional Practice Evaluation (OPPE)  ,   28   
  Open abdomen  ,   339   ,   404–406         

 bleeding and contamination  ,   403  
 compartment syndrome  ,   403  
 complications  ,   406  
 contraindications  ,   405  
 intensive care unit (ICU)  ,   403  
 intra-abdominal hypertension and ACS  ,   339  
 intra-bladder pressures  ,   403  
 preparation and setup  ,   404  
 TAC    (see  Temporary abdominal closure (TAC) )  
 technique 

 bowel bag  ,   404  
 paracolic gutters  ,   404   ,   405  
 polyethylene sheet  ,   405  
 polyurethane sponge/sterile surgical towels  ,   404  
 sterile surgical towel  ,   406  
 vacuum machine  ,   405  
 wound edges  ,   405  

 trauma  ,   339   ,   403  
 wound Closure  ,   408   

  Operating room (OR)  ,   9   ,   10   ,   12   ,   13    
 bedside procedures 

 backup plan  ,   12   ,   13   
 cost  ,   10  
 safety  ,   10  
 timeliness  ,   9  

 location  ,   11   ,   12  
 pre-procedure verifi cation check  ,   8  
 room setup  ,   7   ,   9   
 staff  ,   11  
 Universal Protocol  ,   7   

  Opioid  ,   85   
  Orbital puncture  ,   240    
  Oroenteric tube  ,   249   
  Orogastric (OG) tubes  ,   255    
  Orthopedics  ,   350   ,   356     

 P 
  PA   . See  Physician assistant (PA)  
  Pacer/defi brillator electrodes  ,   110   
  Paine’s Point  ,   219–221       
  Paracentesis  ,   300–309                                

 complications  ,   309   
 contraindications  ,   299  
 diagnostic  ,   300   ,   303–305  
 indications  ,   299   ,   300  
 peritoneal fl uid, analysis 

 occult SBP, detection of  ,   306  
 serum-ascites albumin gradient  ,   309   

 preparation 
 anesthesia  ,   302–305     
 needle selection  ,   300–302    
 patient positioning  ,   300  
 risks  ,   300–303    
 site preparation  ,   302–304    
 site selection  ,   300–303     

 risk for  ,   300  
 therapeutic  ,   300  

 albumin, administration of  ,   306  
 ascites  ,   305–307    
 catheter  ,   305–307    
 suction tubing  ,   305   ,   308    

  Paralytics 
 depolarizing muscle paralytics  ,   45   
 non-depolarizing muscle paralytics  ,   45   ,   46     

  Paraphimosis, reduction of 
 follow-up  ,   295   
 technique  ,   295   

  Patient care 
 and competency  ,   25  
 certifi cation  ,   29  
 process for privileging  ,   25   ,   27  
 training or education requirements  ,   26   

  Patient safety  ,   10   ,   18–20         
 checklists  ,   21   ,   22  
 cognitive aids  ,   21  
 communication  ,   21   
 debrief  ,   20  
 escalation protocols  ,   21  
 fi ber-optic cord capacitance  ,   21  
 global ICU care 

 infection control  ,   18–20  
 procedural training  ,   18  
 retained foreign objects  ,   19   
 surgical fi res  ,   19  
 teamwork models  ,   19   

 pre-procedure verifi cation  ,   20  
 time-out process  ,   20    

  PEG   . See  Percutaneous endoscopic gastrostomy (PEG) 
tube placement  
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  Penetrating abdominal trauma  ,   311   ,   312   ,   315–317     
  Percussive wave  ,   217   
  Percutaneous and dilator cricothyroidotomy kits  ,   64–65     

 advantages and disadvantages  ,   64  
 procedure 

 complications  ,   65   
 landmark identifi cation  ,   64  
 patient preparation  ,   64–65  

 types  ,   64   
  Percutaneous central venous lines  ,   115   
  Percutaneous dilatational tracheostomy (PDT) 

 advanced care providers  ,   68  
 complications  ,   78   
 contraindications  ,   68–69     
 critical care procedure  ,   67  
 delayed complications  ,   78  
 equipment  ,   70   
 indications  ,   68  
 monitoring  ,   69   ,   70  
 procedure  ,   70–77                      
 RCP  ,   69–70   

  Percutaneous endoscopic gastrostomy (PEG) tube 
placement  ,   266–277                                          

 complications 
 accidental dislodgement  ,   267   
 buried bumper syndrome  ,   267  
 organ, injuries  ,   267  
 pneumoperitoneum  ,   267   
 skin infections  ,   266–267   

 contraindications  ,   266   
 equipment  ,   268–269   
 indications  ,   266   
 monitoring 

 blood pressure  ,   268  
 heart rate  ,   268  
 pulse oximetry  ,   268  

 placement  ,   276   ,   277  
 resources  ,   267–268   
 technical aspects 

 crossbar application and fi nal inspection  ,   275  
 crossbar application and inspection  ,   274   ,   277  
 endoscopic view  ,   271  
 esophagogastroduodenoscopy (EGD)  ,   269  
 insertion  ,   272   ,   274–276       
 landmark  ,   270   ,   271   
 preparation and sedation  ,   269   
 procedure completion  ,   275   ,   277  
 pull technique  ,   269–276  
 skin incision and needle puncture  ,   270   ,   271   
 skin, preparation  ,   270  
 snare/guidewire coupling  ,   272   ,   273    
 transillumination  ,   270    

  Pericardiocentesis  ,   190   ,   191   ,   193–196   ,   198                                 
 Beck’s triad  ,   189  
 cardiac tamponade  ,   189   ,   190   
 causes 

 diagnosis  ,   190  
 pericardial tamponade  ,   190  
 signs and symptoms  ,   190  

 complications  ,   197–199   

 contraindication  ,   191   
 equipment 

 ECG machine  ,   193  
 facemask  ,   191  
 larger syringe  ,   191  
 local anesthetic  ,   191  
 nasogastric tube  ,   191  
 sterile gloves  ,   191  
 sterile gown  ,   191  

 hemodynamic stability  ,   190  
 intrapericardial hemorrhage  ,   189  
 intrathoracic pressure  ,   190  
 lung disease  ,   190  
 pericardial effusion  ,   189   ,   190   ,   194  
 pericardial tamponade  ,   190  
 serous fl uid  ,   189  
 signs 

 Beck’s triad  ,   190  
 cough  ,   191  
 pulsus paradoxus  ,   191  
 Tachypnea  ,   191  
 unconsciousness  ,   191  

 sterile attire  ,   192  
 sterile dressing  ,   197  
 stroke volume  ,   189  
 symptoms  ,   189  

 chest pain  ,   190  
 dysphagia  ,   190  
 dyspnea  ,   190  
 nausea  ,   190  

 systolic blood pressure  ,   189   ,   190  
 techniques 

 blind subxiphoid  ,   198  
 ECG guided  ,   198  
 echocardiogram  ,   193  
 fl uid collection  ,   194   
 local anesthetic  ,   193  
 nasogastric tube  ,   193  
 parasternal approach  ,   196  
 precordial lead  ,   195  
 semirecumbent position  ,   193  
 sterile alligator clip and wire  ,   195  
 sterile sleeve  ,   193  
 sterile towels  ,   193  
 stylet/steel  ,   194  
 subxiphoid  ,   196  
 xiphoid process  ,   196   

  Peripheral intravenous catheter (PIV)  ,   115   
  Peripherally inserted central catheters (PICCs)  ,   100   , 

  116–123                                              
 complications 

 infection  ,   122   ,   123  
 malposition  ,   123   
 occlusion  ,   123  
 phlebitis  ,   123   
 rupture  ,   123   
 thrombosis  ,   123   

 contraindications 
 end-stage renal disease  ,   116  
 fl uid resuscitation  ,   116   
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 rapid medication infusion  ,   116   
 venous thrombosis  ,   116   

 defi nition  ,   115   ,   116  
 diffi cult IV access  ,   116  
 guidewire  ,   115  
 insertion site  ,   117  
 introducer  ,   115  
 long-term IV access  ,   115  
 obturator wire  ,   115  
 percutaneous central venous lines  ,   115  
  vs.  percutaneously placed CVL  ,   123  
 placement  ,   124   

 choosing  ,   117   
 confi rmation  ,   119–121     
 direct introducer technique  ,   118  
 equipment  ,   117   ,   118   
 insertion  ,   118  
 location  ,   117   
 microintroducer (modifi ed Seldinger) technique  , 

  118–119  
 optional equipment  ,   118   
 sedation  ,   118   
 ultrasound  ,   119   ,   120   

 plasmapheresis  ,   116  
 removal  ,   122   
 sterile drape  ,   117  
 sterile procedure  ,   116  
 sterile tourniquet  ,   116  
 troubleshooting 

 advancement  ,   121   ,   122  
 insertion  ,   120   ,   121  
 malposition  ,   122   

 upper limb/lower limb insertions  ,   116  
 vesicant medications  ,   115   

  Peripherally inserted centrally catheter (PICC)  ,   33   
  Peritonitis  ,   322    
  Permanent ischemia  ,   96   
  Physical therapists  ,   5    
  Physician assistant (PA)  ,   31   
  Physician Assistant National Certifi cation Examination 

(PANCE)  ,   28   
  Physicians  ,   3–4    
  Piezoelectric effect  ,   99   
  Plasmapheresis  ,   116   
  Plaster splinting  ,   349   
  Pneumoperitoneum  ,   322   ,   324   
  Pneumothorax  ,   100   ,   101   ,   110   ,   179   ,   180       

 blood loss  ,   180  
 chest wall  ,   180  
 closed pneumothorax 

 chest radiograph  ,   180  
 chronic lung conditions  ,   179  
 pleural space  ,   179  

 hemithorax  ,   180  
 lung  ,   180  
 open pneumothorax 

 chest wall  ,   180  
 needle thoracentesis  ,   180  
 sucking sound  ,   180   

  Popliteal vein  ,   117   

  Positive end expiatory pressure (PEEP)  ,   322   
  Positive end expiratory pressure (PEEP)  ,   85   
  Posterior long arm splint  ,   352   ,   353     
  Posterior pharyngeal packing  ,   244     
  Posterior wall puncture (PWP)  ,   100   
  Prediction tools  ,   18   
  Primary source verifi cation  ,   26   
  Private payer billing  ,   32–33    
  Privileging 

 ACP, clinical role  ,   27   
 APRN  ,   28  
 internal policy  ,   25  
 review process  ,   28   
 state laws  ,   28   

  Procedural sedation  ,   37–38     
  Procedural training  ,   18–19    
  Proximal tibia  ,   127   ,   128     
  Pseudoaneurysm  ,   96   
  Pulmonary artery catheter (PAC)  ,   111–113           

 application  ,   109  
 balloon-tipped catheter  ,   109  
 complications  ,   112–113   
 contraindications  ,   110   
 diagnostic and therapeutic purposes  ,   110  
 hemodynamic monitoring  ,   109   ,   110  
 hemodynamic profi les  ,   113   ,   114   
 indications  ,   109–110  
 informed consent  ,   110–111  
 insertion kit  ,   111   
 preparation  ,   111  
 procedure 

 ACP  ,   112  
 bacteremia  ,   111  
 ECG tracings  ,   112   ,   113    
 pressure transducer and monitor  ,   112  
 Seldinger technique  ,   112  
 sterile technique  ,   111  
 transducer  ,   112  

 randomized controlled trials  ,   109   
  Pulmonary artery rupture  ,   110   
  Pulmonary artery waveform  ,   112   
  Pulmonary capillary wedge pressure (PCWP)  ,   113   
  Pulmonary vascular resistance (PVR)  ,   113   
  Pulse oximetry  ,   268     

 R 
  Radial artery 

 anatomy  ,   92   
 assessment of peripheral circulation  ,   94   ,   96  
 blood pressure  ,   91  
 chlorhexidine gluconate dressing  ,   94  
 dressings  ,   94   ,   96  
 ease of access  ,   91  
 gauze dressing  ,   94  
 low rate of complications  ,   91  
 measure blood pressure  ,   91  
 nondominant hand  ,   94  
 occlusive dressing  ,   94  
 operator positioning, arterial access  ,   94   ,   95   
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 Radial artery (cont.) 
 pulsatile fl ow  ,   94  
 skin surface  ,   91  
 supine/semi-recumbent  ,   94  
 towel roll, wrist extension  ,   94   ,   95   

  Radial gutter splint  ,   351–352    
  Rapid sequence intubation (RSI) 

 induction medications  ,   44   
 risks and benefi ts  ,   49  
 seven Ps  ,   45     

  Raynaud’s syndrome  ,   96   
  Registered respiratory therapists (RRT/RCP)  ,   4–5    
  Rescue airway techniques  ,   51–57         

 contraindications  ,   51  
 equipment 

 endotracheal tube introducer  ,   51–57  
 extraglottic devices (EGDs)  ,   52   ,   54   
 surgical airway options  ,   54  
 video laryngoscopy  ,   54    

 indications  ,   51   
  Respiratory care practitioner (RCP)  ,   69   
  Retention  ,   294    
  Right ventricular assist device (RVAD)  ,   425   
  Rigid bronchoscopy  ,   81   ,   82  

 description  ,   82  
 general anesthesia  ,   82  
 infl exible tube  ,   81   

  RRT/RCP   . See  Registered Respiratory Therapists 
(RRT/RCP)    

 S 
  SAH   . See  Subarachnoid hemorrhage (SAH)  
  Salem sump  ,   249–251      
  Saphenous vein  ,   117   
  SBP   . See  Spontaneous bacterial peritonitis (SBP)  
  Seldinger technique  ,   93   ,   112   ,   256   ,   293   ,   312   
  Sentinel Events Evaluation (SEE) study  ,   17   
  Sepsis  ,   96   ,   319   ,   320   ,   324   ,   329   
  Serious Reportable Events (SREs)  ,   17   
  Severe hypothermia  ,   110   
  Shock  ,   109   
  Short-acting benzodiazepine  ,   85   
  Sinus  ,   237   ,   240     
  Sinusitis  ,   237   ,   240   
  Skeletal traction  ,   358–364                    

 distal femur 
 contraindications  ,   358  
 landmarks  ,   358  
 technique  ,   359–361     
 traction pin, placement  ,   359  

 K-wires or Steinmann pin, insertion  ,   358  
 materials  ,   358   
 proximal tibia 

 contraindications  ,   361  
 landmarks  ,   361   
 patient positioning  ,   361   ,   362  
 technique  ,   362–364         

  Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES)  ,   320   

  Society of Critical Care Medicine 
(SCCM)  ,   18   

  Soft tissue wounds  ,   402    
 application  ,   403  
 indications  ,   402  
 preparation and setup  ,   402–403   
 wound closure  ,   403  
 wound packing 

 debride necrotic tissue  ,   402  
 diluted bleach/solutions  ,   402  
 wet-to-dry gauze dressings  ,   402   

  Speech and language pathologists  ,   6   
  Spinal tap   . See  Lumbar puncture (LP)  
  Splinting  ,   350–356                       

 complications 
 burns  ,   355   
 compartment syndrome  ,   355  
 contractures  ,   355   ,   356  
 nerve compression  ,   356  
 orthopedic injuries  ,   356  
 skin compromise  ,   356  

 materials  ,   349   ,   350  
 placement  ,   350   
 principles  ,   349   
 techniques 

 bulky Jones  ,   354   ,   355  
 coaptation splint  ,   352   ,   353  
 long leg splint  ,   354  
 posterior long arm splint  ,   352   
 radial gutter splint  ,   351   ,   352  
 short posterior and sugar-tong (stirrup) 

leg splints  ,   353  
 sugar-tong forearm splint  ,   352  
 Thumb Spica  ,   350  
 ulnar gutter splint  ,   351    

  Spontaneous bacterial peritonitis (SBP)  ,   299   
  SREs   . See  Serious Reportable Events (SREs)  
  Sterile technique  ,   111   
  Sternocleidomastoid muscle  ,   100   
  Stricture   . See  Urethral stricture disease  
  Stroke volume index (SVI)  ,   113   
  Stryker kit  ,   374   ,   375   ,   377    
  Subarachnoid hemorrhage (SAH)  ,   215   ,   225   
  Subclavian vein (SCV)  ,   100–102   ,   105   ,   116       
  Sugar-tong (stirrup) leg splints  ,   353   ,   354      
  Sugar-Tong forearm splint  ,   352    
  Superior vena cava  ,   116   
  Suprapubic cystostomy  ,   293–294   
  Surgical airway options  ,   54    
  Surgical cricothyroidotomy  ,   62–64          

 advantages and disadvantages  ,   62  
 procedure 

 complications  ,   64   
 instruments  ,   62  
 landmark identifi cation  ,   63   ,   64     
 patient preparation  ,   63  

 rapid four-step  ,   64  
 tracheostomy, placement of  ,   62   

  Surgical fi res  ,   19   
  Swan-Ganz catheter placement  ,   36   ,   37    
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  Systemic infl ammatory response (SIRS)  ,   324   
  Systemic vascular resistance (SVR)  ,   113     

 T 
  TAC   . See  Temporary abdominal 

closure (TAC)  
  Tachycardia  ,   83   
  TeamSTEPPS  ,   19   
  Teamwork models  ,   19–20    
  Temporary abdominal closure (TAC)  ,   339–341        

 commercial devices 
 ABThera device  ,   341  
 NPWT  ,   340   

 complications  ,   345   
 contraindications  ,   341  
 improvised devices 

 Barker vacuum pack  ,   340  
 benefi ts  ,   339–340  
 Bogota bag  ,   340  
 towel clip method  ,   340  

 indications  ,   341   
 preparation  ,   341   ,   342   
 procedure  ,   342–344               

  Temporary pacing 
 asystole  ,   134  
 bifascicular block  ,   134  
 bradyasystolic arrest  ,   134  
 bradycardia  ,   133  
 central venous access  ,   134  
 class I  ,   134  
 emergency external pacing  ,   134  
 endocarditis/lead infection  ,   134  
 heart block  ,   134  
 pacing pads  ,   134  
 pharmacologic agents  ,   134   

  Temporomandibular joint  ,   83    
  Tension pneumothorax  ,   176   ,   177              

 anatomy  ,   173–176   
 axillary  ,   175  
 chest tube placement  ,   171  
 chest wall  ,   174  
 complications 

 bleeding  ,   177  
 failure  ,   177  
 re-accumulation  ,   177  

 confi rmatory imaging  ,   172   
 equipment 

 angiocatheter  ,   176  
 auto-retractor  ,   176  
 cardiac monitor  ,   176  
 needle catheter  ,   176  

 intercostal space  ,   174  
 pathophysiology  ,   171  
 procedure 

 angiocatheter  ,   177  
 antiseptic solution  ,   177  
 clavicle/sternum  ,   177  
 intrapleural air  ,   177  
 neurovascular bundle  ,   177  

 pleural space  ,   177  
 thoracostomy  ,   177  

 signs and symptoms  ,   172  
 site selection  ,   172–173   
 thoracic needle decompression  ,   171  
 thoracostomy  ,   171   

  The Joint Commission (TJC)  ,   17   
  Therapeutic/diagnostic bronchoscopy 

 airway  ,   84   
 contraindications  ,   83   
 indications, fl exible  ,   82–83  
 performing  ,   85–86  
 preparation  ,   83–85   

  Thoracentesis 
 atelectatic lung  ,   169  
 bleeding risk  ,   164  
 cardiorespiratory function  ,   163  
 chest pain  ,   169  
 cleansing solution  ,   168  
 diagnostic testing  ,   168  
 equipment  ,   165  
 exudative  ,   164  
 fl uid removal  ,   163   ,   168  
 hemoglobin  ,   169  
 iatrogenic pneumothorax  ,   168  
 local anesthesia  ,   164   ,   169  
 needle insertion  ,   167  
 needle/catheter  ,   163  
 needle/catheter insertion  ,   167  
 pertinent anatomy  ,   166–167   
 pleural effusion  ,   163   ,   164  
 pleural space  ,   168  
 rib and neurovascular bundle  ,   168  
 shear-type injury  ,   169  
 techniques  ,   167  
 thoracic ultrasound  ,   166  
 thoracic wall  ,   166  
 thrombotic risk  ,   164  
 transudative  ,   164  
 ultrasound guidance  ,   169   

  Thrombus  ,   116   ,   117   ,   122–124       
  Thrombus/tumor  ,   110   
  Thumb Spica  ,   350–351    
  Tibia 

 distal  ,   128   ,   129   
 proximal  ,   127   ,   128    
 tuberosity  ,   127   ,   128   

  Tibial traction   . See  Skeletal traction  
  Tibial tuberosity  ,   362     
  Tidal wave  ,   217   
  Toomey syringe  ,   294   
  Towel clip method  ,   340   
  Tracheobronchial tree  ,   85–86    
  Transbronchial biopsy  ,   86   
  Transcutaneous pacing 

 asystole  ,   134  
 asystolic cardiac arrest  ,   134  
 benzodiazepine/narcotic  ,   134  
 insertion  ,   134  
 symptomatic patient  ,   134   
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  Transvenous pacemakers  ,   138–145                          
 asystole  ,   140   ,   142   ,   145  
 central venous access  ,   133  
 complications 

 air embolism  ,   144  
 catheter-induced arrhythmia  ,   144   ,   145  
 diaphragmatic stimulation  ,   144  
 electrode catheter displacement  ,   144  
 electrode catheter malpositioning  ,   144  
 failure to capture  ,   145   
 failure to sense  ,   145  
 hemothorax  ,   143  
 perforation  ,   144  
 Pneumothorax  ,   143  

 contraindications  ,   135  
 ECG guidance 

 cardiac shadow  ,   142  
 endocardial contact  ,   142  
 intracardiac signals  ,   141  
 rhythm  ,   142  
 sensing capability  ,   141  
 technique  ,   141  
 ventricular amplitude  ,   141  

 effective pacing  ,   143   
 equipment  ,   136   
 insertion 

 fl oating-balloon catheter technique  ,   138  
 intrinsic rhythm  ,   139  
 myocardium  ,   138  
 pacer spikes  ,   139  
 precordial lead  ,   138  
 Transthoracic echo (TTE)  ,   140  

 internal jugular (IJ)  ,   133  
 “J”-shaped catheters  ,   133  
 pacemaker catheters  ,   136–137   
 pacing background  ,   135–136   
 pulse generators  ,   137–138   

  Traumatic brain injury (TBI)  ,   215   
  Tricuspid valve prosthetic/stenosis  ,   110   
  Tube thoracostomy  ,   181–187                            

 blunt dissection  ,   184  
 chest cavity  ,   179  
 chest tube  ,   179   ,   185  
 chest wall  ,   182  
 closing wound  ,   186  
 complications/pitfalls 

 infection  ,   187  
 malposition  ,   187  
 organ injury  ,   187  
 re-expansion pulmonary edema  ,   187  

 dilating space  ,   184  
 intrapleural/mediastinal space  ,   179  
 local anesthetic  ,   183  
 occlusive dressing  ,   186  
 pleural space  ,   184  
 preparation/setup 

 analgesics/sedatives  ,   181  
 assemble supplies  ,   181  
 cardiac monitor  ,   181  
 chest tube  ,   181  

 chest tube placement  ,   181  
 consent  ,   181  
 continuous pulse oximetry  ,   181  
 intravenous access  ,   181  
 site marking  ,   181  

 procedure 
 anesthetize  ,   182  
 blood clots  ,   184  
 chest drainage collection  ,   185  
 chest radiograph  ,   186  
 chest tube  ,   185  
 chest tube insertion  ,   182  
 hand hygiene  ,   181  
 insertion site  ,   186  
 perform blunt dissection  ,   184  
 pleural  ,   183  
 prepare equipment  ,   182  
 radiopaque marker  ,   187  
 site selection  ,   182  
 skin incision  ,   183  

 subcutaneous tissue  ,   183  
 thoracic cavity  ,   179   

  Tuberculosis  ,   225     

 U 
  Ulnar gutter splint  ,   351      
  Ultrasound (US) technology  ,   102–104              

 biplanar approach  ,   99  
 CVC guidance 

 compressibility testing, IJ vein  ,   102   ,   103  
 dynamic techniques  ,   102   ,   103    
 long axis (LA) view  ,   103   ,   104  
 static techniques  ,   102   
 web-based models  ,   102  

 linear array probe and B-mode  ,   99  
 M/motion mode  ,   99  
 PICC  ,   119   ,   120   
 piezoelectric effect  ,   99  
 short axis  vs.  long axis techniques  ,   100  
  vs.  traditional landmark techniques  ,   100   

  Unintended retained foreign objects 
(URFOs)  ,   19   

  Upper gastrointestinal (UGI) hemorrhage  ,   280    
  Upper gastrointestinal bleeding (UGIB)  ,   279   
  Urethral stricture disease  ,   290–293      

 Blitz technique  ,   291   
 BPH  ,   289–293  
 cystoscopy  ,   292   ,   293   
 fi liforms and followers  ,   290   
 Foley catheterizations  ,   291  
 sterile technique  ,   290    

  Uro-jet syringe  ,   288   
  Urology  ,   288–294              

 diffi cult Foley catheter insertions 
 bladder neck contractures  ,   293  
 BPH  ,   288–294     
 meatal stenosis  ,   293  
 suprapubic cystostomy  ,   293  
 urethral stricture disease  ,   289–293       
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 Foley catheters  ,   287–288    
 hematuria  ,   294   ,   295  
 paraphimosis  ,   295      

 V 
  V.A.C  ,   407   
  Van Buren sounds  ,   294   
  Vascular access 

 arterial line  ,   34  
 CVL  ,   33–34  
 US and fl uoroscopic guidance  ,   34   

  Vasoactive agents  ,   116   
  Venous access  ,   131   
  Venous puncture  ,   103   
  Venous thromboembolism (VTE)  ,   397   
  Venous thrombosis  ,   116    
  Ventricles  ,   213–214   
  Ventricular assist device (VAD) 

 antifi brinolytics  ,   438  
 antiplatelet agents  ,   438  
 aortic insuffi ciency (AI)  ,   437  
 arrhythmia  ,   436  
 atherosclerotic disease  ,   438  
 axial pump fl ow  ,   425  
 bleeding  ,   435  
 blood fl ow  ,   428  
 blood pressure  ,   427  
 blood viscosity  ,   430  
 bloodstream infections  ,   437  
 cardiac output (CO)  ,   425  
 centrifugal pump fl ow  ,   427  
 Centri-Mag  ,   425   ,   426  
 clotting  ,   438  
 continuous fl ow  ,   424  
 dehydration  ,   430  
 destination therapy (DT)  ,   424  
 diagnosis  ,   435  
 diagnostic features  ,   433  
 echocardiography  ,   435   
 etiologies  ,   436   ,   437   
 excessive pump speed  ,   431  
 fl ow-pressure (HQ)  ,   429  
 heart failure  ,   424   ,   430   ,   433   
 HeartMate  ,   425   ,   427  
 HeartWare  ,   425   ,   427   ,   430  
 hemodynamics  ,   431   ,   433   ,   435   

 hypovolemia  ,   430  
 hypovolemia/bleeding  ,   435  
 Impella  ,   425  
 infl ow cannula malposition  ,   431  
 inotropic medication  ,   435  
 IV Beta agonist  ,   434  
 mechanical ventilation  ,   434  
 palpable pulse  ,   428  
 percutaneous  ,   425  
 pulmonary vasodilators  ,   434  
 pulsatile fl ow  ,   428  
 pulsatility index (PI)  ,   430  
 pump pocket infection  ,   437  
 pump thrombosis  ,   438  
 RV dysfunction  ,   433  
 RV failure  ,   425   ,   430  
 RV geometry change  ,   431  
 sepsis  ,   437  
 stroke  ,   438  
 stroke/sepsis  ,   424  
 suction event  ,   435   ,   436   
 surgical  ,   425  
 systolic/diastolic blood pressure  ,   427  
 TandemHeart  ,   425  
 transonic fl ow sensor  ,   425  
 treatment/intervention  ,   434   

  Ventriculostomy  ,   213   
  Vesicant medications  ,   115   
  VidaCare system  ,   125   
  Video laryngoscopy  ,   54    
  Virtual bronchoscopy  ,   82   

 computer-generated pictures  ,   82   
  VTE   . See  Venous thromboembolism (VTE)    

 W 
  Wound management 

 clotting cascade  ,   401  
 healing process  ,   401  
 open abdominal cavity  ,   401  
 plasma and neutrophils  ,   401  
 soft tissue  ,   401     

 X 
  Xiphoid–ear–nose (XEN)  ,   257        
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