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COURSE SCHEDULE
SUNDAY OCTOBER 13, 2013
AFTERNOON SESSION

12:30 PM-1:30 PM Registration for participants

1:30 PM-1:40 PM Overview

1:40 PM-2:00 PM Cricothyrotomy -Open and Close Technique
(Drs Ross/Tabas)

2:00 PM-2:10 PM Pericardiocentesis Demonstration (Dr. Wang)

2:10 PM-2:30 PM Cranial Burr Holes (Dr. Ross)

2:30 PM-3:30 PM Practice Demonstrated Procedures

3:30 PM-3:50 PM Arthrocentesis (Dr. Ross)

3:50 PM-4:00 PM Intraosseous Placement (Dr. Tabas)

4:00 PM-4:20 PM Thoracotomy (Dr. Ross)

4:20 PM-5:20 PM Practice Demonstrated Procedures

5:20 PM-5:30 PM Wrap up and cleanup



SECTION 1

SURGICAL CRICOTHYROTOMY



SURGICAL AIRWAY

SURGICAL CRICOTHYROTOMY
INTRODUCTION

The emergency physician has many tools in his
or her armamentarium for the “cannot intubate,
cannot ventilate” patient. However, when all
noninvasive methods are not possible the surgi-
cal airway is the best approach. Surgical airways
compose up to 4% of all airways and are one of the
skills that will literally save someone’s life if per-
formed properly. For emergent surgical airway
access, cricothyrotomy is the preferred procedure
by most physicians.

KEY POINTS

e This procedure is also referred to as cricothy-
roidotomy, cricothyrotomy, or laryngotomy.

¢ Cricothyrotomy has a 5 fold lower complication
rate relative to tracheostomy.

INDICATIONS

e Inability to intubate and/or ventilate using non-
invasive methods in a hypoxic patient.

CONTRAINDICATIONS

¢ The only absolute contraindication is that the
patient can be intubated by less invasive meth-
ods or that the patients has a partial tracheal
transection for which performance of crico-
thyrotomy will cause it to extend and become a
complete transection.

¢ The following are relative contraindications:
— Laryngeal fracture or trauma
— Cricoid cartilage injury
— Distal tracheal obstruction
— Neonate, infant, or small child
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Figure 1.32 ¢ Grasp the thyroid cartilage with
the thumb and long finger, and use the index finger
to walk down the midline, locating the cricothyroid
membrane. See text for discussion.

ANATOMICAL POINTS

e The cricothyroid membrane is located in the
midline of the anterior neck bordered by
— Thyroid cartilage or “Adam’s apple,” supe-

riorly
— Cricoid cartilage, inferiorly

¢ The esophagus lies immediately posterior to the
larynx and trachea.

e For the right-handed operator, stand on the
patient’s right side and, with the palm of the left
hand placed against the chin, use the thumb and
middle finger to palpate the hyoid bone (Fig. 1.32).
Left-handed operators, simply do the reverse.

e With the index finger, palpate the thyrohyoid
membrane and then the thyroid cartilage.

¢ Remove the middle finger and thumb to a posi-
tion on either side of the thyroid cartilage to sta-
bilize this structure (Fig. 1.33) while the index
finger advances distally toward the cricoid car-
tilage until an indentation is felt between the
cricoid and thyroid cartilages (Fig. 1.34). This
indentation is the cricothyroid membrane.

EQUIPMENT

¢ Scalpel with no. 11 blade

¢ Trousseau dilator or curved hemostat

e Cuffed ETT 1 size less than standard orotra-
cheal intubation (usually size 6 ETT can be
used for most adult patients) or one may use a
three-part plastic tracheostomy tube (Silex or
Portex tracheostomy tubes)

N

Figure 1.33 ¢ The larynx stabilized between the
left thumb and middle finger. Insert the tip of the
index finger over the cricothyroid membrane. To
puncture the membrane, direct a no. 11 scalpel and
blade along the nail of the index finger and through
the membrane in one step.

— Outer cannula with neck plate to secure the
tube
— Inner cannula with adaptor to connect to
bag-valve apparatus
— Central obturator for ease of insertion
e Tracheal hook
¢ Chlorhexidine or povidone iodine

Figure 1.34 ¢ Hold the larynx as shown, with the
index finger placed over the cricothyroid membrane.



1 dozen 4 X 4-inch gauze pads

Scissors

10-mL syringe

Tracheal suction catheter

Suture or tying material

Bag-valve apparatus

Lidocaine 1% or 2% with epinephrine in a
syringe with 21- to 25-gauge needle attached
18-gauge needle attached to 10-mL syringe
filled with 6 ml of water

Sterile towel or drape

TECHNIQUE

PREPARATORY STEPS

1.

Inflate the tracheostomy or ETT cuff with
10 mL of air to check for leaks

. Apply preparation solution to the anterior

aspect of the patient’s neck

. The operator must have a completely sterile

gown, mask with facial shield, hair shield, and
appropriately sized sterile gloves

. Time permitting, drape the patient’s neck with

sterile towel or drape, leaving the length of the
trachea exposed

. Locate the patient’s cricothyroid membrane.

A methodical approach will be detailed in the
“Techniques” section.

. In the conscious patient, infiltrate the area over

the cricothyroid membrane using lidocaine
with epinephrine.

PROCEDURAL STEPS

1.

Right-handed operators should stand to the
patient’s right side and left-handed operators
vice versa.

. With the palm of the nondominant hand,

push superiorly on the symphysis of the jaw to
extend the atlanto-occipital joint which open
exposure of the neck Figure 1.32.

. With the nondominant hand, make a “pincher

grasp” with the thumb and long fingers to
stabilize the tracheal cartilage. The operator
should be able to grasp the entire laryngeal
apparatus and stabilize it (Fig. 1.33).

. Using the index finger to slide down inferi-

orly, identify the thyroid cartilage, cricothy-
roid membrane, cricoid cartilage, and tracheal
rings. Then slide back up again, reidentify-
ing these structures., Finally, slide back down
past the thyroid cartilage to identify the crico-

thyroid membrane and have the index finger
remain in this area (Fig. 1.34).

By keeping the index finger on the neck at all
times and sliding up and down the neck, the
operator should get a good sense of the cor-
rect anatomy and avoid inadvertent puncture
info an incorrect structure. If the index finger
leaves the neck while identifying structures, it
is easy to lose track of where the anatomy
lies, which increases the risk of incorrect ana-
tomical identification.

Horizontal Approach (Preferred)

Various other surgical specialties as well as
some other emergency medicine resources
use a vertical approach as the initial incision.
It is the editor’s experience that a primary
horizontal incision can save precious time
and will be just as successful if the previously
mentioned steps are used for proper identifi-
cation of the cricothyroid membrane. In addi-
tion, one avoids the possibility of lacerating
the thyroid isthmus, which may occur with the
horizontal incision.

. Identify the cricothyroid membrane with care-

ful palpation by the index finger of the non-
dominant hand.

. Leave the tip of the finger directly on the mem-

brane (Fig. 1.33)

. Use a no. 11 blade and slide horizontally along

the index finger into the cricothyroid mem-
brane at the midline (Figs. 1.35 and 1.36).

The incision should be no greater than 3 cm, which
is the size of the cricothyroid membrane. Wider inci-
sion could lead to inadvertent major vessel lacera-
tion and catastrophic bleeding.



Figure 1.35 ¢ Make a transverse incision after
puncture through the membrane with a single step.
Hold the scalpel between the thumb and index fin-
ger in such a manner that only the tip of the blade
can enter the trachea to the depth desired. This pre-
vents penetration too deeply into and perforation of
the esophagus during the initial stab incision (not
shown above). After this, place the hand in the posi-
tion shown for extending the incision transversely
across the membrane.

Alternative Vertical Approach

If a vertical approach is utilized please use the fol-
lowing guide:
1. Place scalpel in the dominant hand.
2. Make a vertical skin incision in the midline of
the anterior neck from the thyroid cartilage to

the cricoid cartilage.

L e

Figure 1.36 * Note the depth at which the no. 11
blade is inserted. Be careful to avoid the esophagus,
which is directly behind the trachea.

3. Identify the cricothyroid membrane. If there
is any difficulty visualizing, the following
technique may be attempted:

a. Use an 18-gauge needle attached to a 10-mL
water-filled syringe and enter the tra-
chea at the cricothyroid membrane. If there
is any resistance to the needle you are prob-
ably in an incorrect place. Reposition and
reattempt.

b. Aspirate air, confirmed by bubbles in the
syringe, to establish endotracheal entry.

c. Disconnect the syringe, leaving the needle
in place to guide the remainder of the
procedure.

Failure to leave the blade or needle in the crico-
thyroid membrane will lead to loss of integrity
of the tract and inability to place the subsequent
airway. This point cannot be emphasized strongly
enough.

5. Whether or not a horizontal or vertical incision
was used, once the cricothyroid membrane
has been identified, the following steps can be
followed: Make a horizontal stab incision less
than 1 cm deep and parallel to the axis through
the cricothyroid membrane with the blade
(Fig. 1.37) and extend the opening laterally.

6. With a cutting motion, cut away from the
midline about 1 cm, then turn the blade 180
degrees with the cutting edge away from
the still-applied index finger and cut across
the midline about 1 ¢cm to the other side
(Fig. 1.37).

7. If a needle had been used as a guide, remove it
now.

Airway pressure differentiation will cavse a
“whoosh” of air and blood to be exuded from the
incision. The operator must have full-body substance
precautions to avoid exposure.

8. Insert a tracheal hook parallel to the incision
into the membrane and, once in the trachea,
turn the hook so the handle is superior and
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Figure 1.37 e After inserting the blade (A), carry the incision laterally (B), and then rotate the blade
180 degrees with the sharp edge interiorly, and then continue the incision in the opposite direction (C). Do
not remove the no. 11 blade until a tracheal hook has been inserted through the incision to grasp the thyroid
cartilage (D). This is a critical point, in that if the no. 11 blade is removed before this, one may lose the tract
created into the trachea and a false passage may be found when attempting to put in the tracheal hook.

then allow it to seed on the inferior margin of ~ 12. Insert the ETT into the opening with the
the thyroid cartilage (Fig. 1.38). dominant hand.
9. Pull with the nondominant hand superiorly

and retract the larynx upwards, which will

allow opening of the incised cricothyroid

membrane (see Fig. 1.45). Usually a 6.0-mm tube suffices in an adult.
10. You may now remove the scalpel blade from

the trachea.

Once the tracheal hook is in place, the air- /jV?\
way has been accessed and stabilized.
Never let go of the tracheal hook until the /’

ETT/shiley tube has been confirmed as cor-
rectly placed. Premature removal will lead
to loss of the tract and subsequent failure of
definitive airway placement.

’
/
11. Insert the tips of the Trousseau dilator or a {
curved hemostat into the incision with the
dominant hand and open the membrane ver- Figure 1.38 ¢ The tracheal hook stabilizes the
tically and horizontally with firm opening of airway and prevents mobility while the tracheos-

the instrument tips. tomy tube is being inserted. See text for discussion.



Figure 1.39 ¢ Patient with shotgun blast to the
mouth and face, with anatomy distorted, making a
cricothyroidotomy the best option for securing an
airway. (Courtesy of Robert Simon, MD.)

13. Insert the ETT to a depth of 2 to 3 cm.

14. Remove the tracheal hook after inserting the
tube only after verification of correct tube
placement (Figure 1.38).

15. If using a shiley tube, hold the cannula in
place with the nondominant hand, remove
the obturator, and inflate the cuff with 10 ml
of air using a syringe.

a. Ifusing an ETT, inflate the cuff with 10 mL
of air using a syringe.

b. Cut the ETT to the appropriate size with
Scissors

16. Attach the bag-valve adaptor to the tube.

17. Ventilate the patient with a bag-valve appa-
ratus (Figs. 1.39 and 1.40).

18. Secure the tube with suture or ties.

c. Do not secure the tube so tightly around
the neck as to cause vessel compression.

S

Figure 1.40 ¢ Cricothyroidotomy in place using
the technique described in the text. (Courtesy of

Robert Simon, MD.)

AFTERCARE

. Chest radiography to confirm placement of the

tracheostomy tube

. Initiate mechanical ventilation as indicated
. Emergent tracheostomy tube may be used for

up to 72 hours

. Obtain surgical or otolaryngology consults for

definitive tracheostomy, if needed

PEDIATRIC CONSIDERATIONS

There is considerable variation in the literature
regarding the minimum age requirement for
surgical cricothyrotomy; 5 years, 10 years, and
12 years have been cited by various texts.
Normal excess subcutaneous adipose, along
with a hyoid and cricoid cartilage that are more
prominent than the thyroid cartilage in infants,
makes identification of the normal anatomical
landmarks difficult.

Because of the relatively small anatomy of infants
and small children, there is potental for diffi-
culty passing even the smallest ET'T through the
cricothyroid membrane, with potentially higher
rates of failure and complications.

Percutaneous needle cricothyrotomy or trache-
ostomy is the preferred procedure in infants
and small children.

The procedure for older children is the same as
that outlined for adults.

COMPLICATIONS

Improper identification of the cricothyroid
membrane

Posterior tracheal wall injury

Esophageal perforation

Esophageal intubation

Subcutaneous intubation

Subcutaneous emphysema

Bleeding or hemorrhage



SECTION 2

PERICARDIOCENTESIS



PERICARDIOCENTESIS

For ultrasound-guided pericardiocentesis see Chapter,
the ultrasound chapter, pages 486—489.

KEY POINTS

e Removal of as little as 30 mL of fluid may be
sufficient to relieve pericardial tamponade
causing pulseless electrical activity (PEA) and
restore spontaneous circulation

e Bedside ultrasonography facilitates optimal
aspiration insertion while minimizing compli-
cations

e Anticipate the need for pericardial window if
unable to aspirate or as definitive therapy after
successful aspirate

e Clotted blood aspirate indicates ventricular
aspirate; nonclotting indicates aspirate of peri-
cardial origin

INDICATIONS

e Diagnostic procedure during PEA for a cardiac
arrest

e Therapeutic procedure during PEA for cardiac
arrest

e Temporizing procedure for the decompensat-
ing patient with pericardial tamponade await-
ing emergent pericardial window

CONTRAINDICATIONS

e No contraindications exist if the patient is in
PEA or extremis with tamponade, as the proce-
dure may be life-saving

e Coagulopathy

ANATOMICAL POINTS

The pericardial sac is located posterior to the
sternum and extends from the second to sixth rib
The pericardium itself consists of two layers;
the outer layer, called the fibrous pericardium,
and the inner, double-layered sac called the
serous pericardium

The pericardium extends 1.5 cm to the right of
the sternum and 5.0 to 7.5 cm to the left of the
sternum in the medial plane of the fifth inter-
costal space

The fibrous pericardium is tethered to the
diaphragm

Because of the pericardial insertion into the
diaphragm, its location is influenced by move-
ments of both the heart and the diaphragm.

EQUIPMENT

Iodinated preparation solution

Defibrillator

Continuous cardiac monitoring

Local anesthetic (1% lidocaine [Xylocaine],
10 mL|

10-mL syringe and 60-mL syringe with Luer lock
Three-way stopcock

9- to 15-cm, 18-gauge spinal needle

Sterile double-ended alligator clip (sterile)
Sterile field with towels and clips

Sterile 4 X 4-inch sponges

1-inch adhesive tape

Electrocardiogram (ECG) machine (well
grounded)

Ultrasound machine



improper angle and path of needle to pericardium

Too steep and
too close to
costal margin

Pericardium
and pericardial
fluid

Entry point 1 inch below Heart

costal margin and 1 inch
left of midline

Pericardium and
pericardial fluid

Figure 4.1 e Path of pericardiocentesis needle. Sagittal view of the sub-
costal margin in the region of the pericardial needle entry point, in-
dicating that the introduction of the needle well below the left costal
margin permits further insertion of the needle at the appropriate angle
to the skin. (From Feliciano DV. Tube thoracostomy. In: Benumof JL,
ed. Clinical Procedures in Anesthesia and Intensive Care. Philadelphia:
Lippincott; 1992. Fig. 27-4, with permission.)



TECHNIQUE

PREPARATORY STEPS

L.
2.

Place the patient in the supine position.
The patient should be placed on cardiac moni-
tor with resuscitation cart and defibrillator at

bedside.

Intravenous crystalloid should be infused to
optimize the preload to maintain cardiac out-
put, especially in the hypotensive presenta-
tion of pericardial effusion.

. The xiphoid process and left costal margin

should be palpated to identify an insertion site
1 cm below and 1 em to the left of midline for
subxyphoid insertion (Fig. 4.1)

. Patient’s epigastric and left chest area should be

prepared and draped in sterile in fashion

. If using ultrasound to facilitate insertion, obtain

subxiphoid and parasternal views to find area
of maximal pericardial fluid (see pages 486489,
ultrasound section)

. Anesthetize predetermined area of insertion

with 1% lidocaine without epinephrine

PROCEDURAL STEPS

1.

Attach the syringe to the stopcock and then
connect this assembly to the needle.

. Attach the alligator clip to the base of the nee-

dle and the other end to lead V1 of a running
ECG machine.

Although ideally attaching the alligator clip
to the base of the needle should occur, pa-
tients in cardiac arrest or in exiremis when
pericardiocentesis could be life-saving should
not have the procedure delayed by such
preparation. Ideally, ultrasonic identification
of needle placement is much more accurate
and safer than the alligator clip. Identify your
area of insertion anatomically or more ide-
ally by echocardiographic guidance (see
pages 486-489, ultrasound section).

. Using the subxiphoid approach, insert the nee-

dle I em inferior to the costal margin and 1 cm
left of midline at a 30- to 45-degree angle aim-
ing for the left scapular tip (Figs. 4.2 and 4.3). If
using ultrasound, insert at subxiphoid point of
maximal effusion.

. Using the parasternal approach, insert the nee-

dle in the left fifth intercostal space just above
the sixth rib and within 1 ¢cm of the sternal
border. If using ultrasound, look for intercos-
tal site of maximal effusion (see pages 486—489,
ultrasound section).

. Advance needle with suction applied until aspi-

ration of fluid or identification of a current of
injury pattern (sudden ST-segment elevation
via the lead on the alligator clip) is seen on the
monitor, which is indicative of epicardial injury.

. If dysrhythmia ensues, withdraw needle with

constant aspiration until dysrhythmia stops.

If unable to aspirate, remove needle to the skin and
redirect. Do not move inserted needle laterally as
this can cause direct cardiac injury or injury to the
coronary arteries due to shearing forces with the
sharp, beveled edge.

7. If anticipating a large amount of fluid removal,

insert a catheter to continue drainage. After
aspiration from pericardium, insert a guidewire
and remove needle. The catheter is then inserted
via the Seldinger technique.

CAUTION

The needle should never be used to completely drain

pericardial flvid as this can cavse cardiac injury from

the swinging myocardium of the normal cardiac cycle.

To verify origin of bloody aspirate, consider a
stat venous blood gas. Ventricular blood will
have same hematocrit as peripheral blood;
higher O, and lower Pco, than pericardial

blood.




Relevant Pericardial Anatomy

Aorta

Right Sternum
pulmonary A.
Right Pericardium
atrium
Pericardial
Right ;
ventricle S effusion
Pericardial effusion Y, v Needle lateral to
Xiphoid process /*~90°. [\ xiphoid process
R
Liver / ]

Diaphragm

Figure 4.2 ¢ Sagittal view of the thorax indicating the orientation of the pericardial needle, introduced via
the subxiphoid approach, relative to the surface of the pericardium. Note that the needle enters the skin to
the left of the xiphoid (see Fig. 4.3), and that the needle enters the pericardial space at right angles to the peri-
cardium when inserted with this approach. (From Feliciano DV. Tube thoracostomy. In: Benumof JL, ed.
Clinical Procedures in Anesthesia and Intensive Care. Philadelphia: Lippincott; 1992. Fig. 27-2, with permission.)

AFTERCARE

1. After needle is withdrawn, apply sterile dress-
ing and adhesive tape to site.

2. Order chest radiograph to exclude pneumot-
horax or hemothorax.

3. If catheter is inserted, secure catheter tip to
chest wall with 4.0 silk sutures and apply dress-
ing to area.

4. Cardiothoracic surgery personnel should be
consulted for transfer of care.

PEDIATRIC CONSIDERATIONS

e Echocardiographically guided pericardiocente-
sis has proven to be superior to blind insertion
in children

Most pediatric pericardial effusions can be
definitively treated with needle insertion and
catheter drainage.

e Pediatric pericardiocentesis prestocked kits have
appropriately sized needles and catheters for
insertion via Seldinger technique.

COMPLICATIONS

e Laceration of the heart, coronary arteries, or
internal mammary artery
— Left anterior descending artery is especially
vulnerable because of its anterior location
on the myocardium. Always watch cardiac
monitor for any current of injury pattern
with constant aspiration during insertion.
Most punctures of myocardium have no mor-
bidity when the needle is withdrawn.
e Pneumothorax, hemothorax, hydrothorax
— Postprocedure radiograph is mandatory. Treat
with chest tube versus observation depending
on the size of the pneumothorax.
e Liver laceration
e Diaphragmatic tear
e Bowel puncture
e Hemopericardium tamponade

e Dysrhythmia
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Figure 4.3 ¢ Anterior view of the xiphoid indicat-
ing the optimal entry point for the pericardiocentesis
needle. Note that the optimal entry point is approxi-
mately 1 cm below the costal margin and 1 cm to the
left of the midline. (From Feliciano DV. Tube tho-
racostomy. In: Benumof JL, ed. Clinical Procedures in
Anesthesia and Intensive Care. Philadelphia: Lippincott;
1992. Fig. 27-3, with permission.)

— Asystole, atrial fibrillation, ventricular fibrilla-
tion, and vasovagal arrest have all been reported.
Withdraw needle if arrhythmia occurs. Contin-
uous cardiac monitoring is mandatory.
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EMERGENT CRANIAL TREPHINATION

Burr Holes

INTRODUCTION

Burr holes in the ED setting are uncommonly
performed for diagnostic and therapeutic pur-
poses. Since the advent of the CT scan, use of
exploratory burr holes in the trauma setting has
become less common. In the patient with severe
head injury and deteriorating neurologic status
and clinical evidence of herniation (Fig. 7.10) with
brainstem compression, placement of burr holes
can both be diagnostic and life-saving. According
to new data from the Centers for Disease Control
and Prevention, traumatic brain injuries have
increased 21% since 2004, whereas the population
has grown only 6.3%. Review of data collected
by the Centers for Disease Control and Preven-
tion from the years 2002 to 2006 has shown that
1.7 million deaths, hospitalizations, and ED visits
related to traumatic brain injury occur yearly in
the United States. Although burr hole evacuation
in the ED in urban trauma centers is not usually
required because of the availability of rapid radio-
logical imaging, operating room, and trained per-
sonnel, burr hole trephination for head-injured
trauma victims in the Third World and rural set-
ting still serves a purpose.

Figure 7.10 ¢ Brain herniation with brain pro-
truding from skull. (Photo courtesy of Dr. Don
Penney.)
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Figure 7.11 e Place burr holes as shown. The cor-
onal suture and sagittal sutures aid in placing the
burr holes. See text for discussion.

KEY POINTS

e In patients with severe head injuries and who
are rapidly deteriorating neurologically from
suspected tentorial herniation, placement of
burr holes in a sequenced fashion based on
clinical criteria can diagnose and treat a trau-
matic epidural and subdural hematoma (Fig.
7.11).

e Transtentorial herniation is suspected when
the patient exhibits signs of upper brain-
stem compression. Signs include pupillary
mydriasis (blown pupil), decreased or absent
pupillary light reflex, progressive depression
of the patient’s level of consciousness, con-
tralateral weakness, and hemiparesis includ-
ing posturing (decerebrate/decorticate) or
flaccidity.

e Placement of a temporal burr hole on the ipsi-
lateral side of the mydriatic pupil has been
shown to be life-saving.

e Up to 70% of patients with evidence of brain-
stem dysfunction soon after head trauma have
significant intracranial mass lesions, most of
which are extra-axial blood collections.

e Early and rapid burr hole placementallows for
the evacuation of life-threatening hematomas.
After trephination, the patient will require
further
a craniotomy for further clot removal and

definitive management including

closure.

Figure 7.12 e Acute epidural hematoma. (Photo
courtesy of Dr. Don Penney.)

ANATOMICAL POINTS

e An acute epidural hematoma is a true neuro-

surgical emergency (Fig. 7.12).

— Patients with the classic findings of an acute
epidural hematoma can deteriorate rapidly
when not recognized and treated immedi-
ately. Emergency decompression has been
shown to be life-saving if preformed in a
rapid and competent manner.

— Epidural hematomas are blood clots that
form between the dura and the inner table
of the skull. The source of bleeding in 70%
to 80% of cases is from the middle menin-
geal artery or a dural sinus tear. The mid-
dle meningeal artery, a terminal branch of
the external carotid artery, enters the skull
through foramen spinosum and courses
along the inner surface of the squamous
temporal bone. The artery is vulnerable in
this location as a fracture through the squa-
mous temporal bone can easily sever the
artery

— Anatomically, the main branch of the artery
lies about one fingerbreadth anterior and
superior to the external auditory meatus.

— Epidural hematomas are usually unilateral
and develop rapidly when due to arterial
bleeding and usually develop more slowly
when secondary to injury to the dural sinus.

— About 30% of patients with epidural hemato-
mas have a classic presentation of head



Figure 7.13 ¢ Acute subdural hematoma. (Photo courtesy of

Dr. Don Penney.)

trauma with a possible loss of consciousness,
followed by a “lucid interval” and a subse-
quent progressive decrease in the level of
consciousness. This progressive decrease in
consciousness coincides with the development
of the hematoma in the epidural space with
increasing pressure on the ipsilateral tempo-
ral lobe, uncal herniation with oculomotor
nerve (ITI), and brainstem compression.

Compression of the reticular activating sys-
tem in the upper brainstem is responsible for

the impending coma and death if not recog-
nized and treated.

e Subdural hematomas form between the dura
and the brain and may also be true neurosurgi-
cal emergencies.

— Usually acceleration-deceleration  injuries

cause a shearing injury to the dural vessels,
leading to bleeding (Figs. 7.13 and 7.14).

— Patients with cerebral atrophy (e.g., elderly,

alcoholics) are more prone because of the
greater distances spanned by these vessels.

Figure 7.14 e Evacuation of acute subdural hematoma. (Photo

courtesy of Dr. Don Penney.)



— Subdural hematomas are much more com-
mon than epidural hematomas.

— Slow bleeding of venous structures delays the
development of clinical signs and symptoms
and may compress and damage underlying
brain tissue, leading to more profound neu-
rologic deficits.

— Inacute traumatic injuries, subdural hemato-
mas usually have a worse outcome than epi-
dural hematomas because of this underlying
brain damage.

INDICATIONS

Unilateral neurologic signs with deteriora-
tion despite maximal nonsurgical therapy,
including osmotic diuretics (mannitol, hyper-
tonic saline), head of bed elevation, modest
hyperventilation (ensuring at a minimum
normocarbia or slight hypocarbia), removal
of any compression on the jugular veins (e.g.,
endotracheal tube tape, overly tight cervical
collar), aggressive treatment of hypotension
(fluids, blood products, pressors), and early
vigorous treatment of hypoxia with intuba-
tion if the Glasgow Coma Score is less than 8.
Other indications for intubation include fail-
ure by the patient to protect their airway and/
or absent gag reflex.

If CT scan cannot be performed expeditiously
and interpreted in patient with previously men-
tioned findings

Clinical criteria of herniation, brainstem com-
pression, rapid neurologic deterioration, and/or
evidence of presence of an intracranial clot

CONTRAINDICATIONS
AVAILABILITY of a neurosurgeon or surgeon

or physician with more experience

e Coagulopathy or bleeding diathesis

e Local infection (scalp, bone)

Procedure is contraindicated if aggressive non-
surgical treatments with head elevation, intuba-
tion, diuretics, and maximizing blood pressure
management of hypotension have not been
thoroughly exhausted

Advanced directives of the patient, prohibiting
treatment

EQUIPMENT

e Standard antiseptic preparation

e Povidone-iodine solution

Figure 7.15 © Hudson brace drill with perforator and
burr bits. (Photo courtesy of Dr. Don Penney.)

e Sterile drapes

Local anesthetic solution containing epinephrine
(Xylocaine) with epinephrine 1:100,000 dilution
22- and 18-gauge needles

10-mL syringes

No. 10 scalpel blades

No. 11 scalpel blades

No. 3 scalpel handle

Self-retaining retractors

Hudson brace drill (Fig. 7.15)

Skull perforator bits

Brace burr hole bits

Small hook

Bone wax

Thrombin-soaked Gelfoam

Periosteal elevator

Suction catheter kit

Bone rongeurs

Mayo scissors

4-0 nylon suture

Potts scissors

Sterile gauze

Sterile saline

Head covers, masks, sterile gowns and gloves

Bipolar cautery (optional)

TECHNIQUE

PREPARATORY STEPS

1. The intubated patient can be maintained in a
supine position with slight turning of the head to
the contralateral side. If patient’s cervical spine
has not been cleared, maintaining the patient in
a rigid cervical collar and performing the proce-
dure in the supine position is recommended.

2. After anatomical identification of the location
to place burr hole, shave the area with clippers,



allowing for trephination placement and pos-
sible enlargement with the rongeur when clot
is identified.

3. Infiltrate the scalp with local anesthetic.

4. Using sterile technique, prepare the appropri-
ate area and drape the patient.

5. Place the patient in 20 degrees of reverse Tren-
delenberg position, if his or her blood pressure
tolerates this position.

6. Administer a broad-spectrum antibiotic prior
to placement of burr hole.

7. If a neurosurgeon is not available to manage
the patient after placement of burr hole, con-
sider delegating responsibility to a team mem-
ber for arranging transfer to a facility with
neurosurgical expertise.

8. Generously infiltrate the scalp with local anes-
thetic containing epinephrine in the area where
burr hole is to be placed. Infiltrate deeply to
include the periosteum of the skull.

TECHNIQUE

PROCEDURAL STEPS PART I

1. In identifying the site for placement of the first
burr hole, attention to anatomical localizing
signs is crucial. If radiograph identifies a skull
fracture, this should be the side of the first burr
hole. If radiograph is unavailable and/or no
fracture is identified, consider placing the burr
hole on the side where the scalp is bruised/con-
tused, the side of the mydriatic pupil (blown),
or the side contralateral to the patient’s motor
weakness and/or posturing.

. Sequentially, the burr holes are placed based on

localizing factors in the event that radiological
confirmation of the hematoma is not possible.
Because the temporal burr hole carries the
highest yield of success in identifying an epi-
dural hematoma (70%), this should be the site
of the first burr hole, followed by the frontal
burr hole and lastly the parietal burr hole.

. If all three burr holes are negative, then the

same procedure is carried out on the contral-
ateral side. Again, the same format of system-
atically placing the temporal burr hole first is
recommended. This format allows for a thor-
ough exploration and minimizes the chance of
negative exploration (Fig. 7.16).

. Temporal burr hole

a. This is the most common site for placing a
burr hole and has the highest potential yield
of identifying and evacuating an epidural
hematoma

b. Make a 3-cm vertical scalp incision with a
no. 10 scalpel and carry it through the scalp,
temporalis muscle, to the level of the tempo-
ral bone

c. The anatomical landmarks for placement of
this burr hole is the junction or intersection of
a line approximately one fingerbreadth (1 cm)
anterior to the external auditory meatus and
two fingerbreadths (2 ¢m) superior to the
zygoma. This intersection is an approximation
of the location of the middle meningeal artery.

5. Anterior burr hole

a. This is placed approximately one finger-
breadth (1 cm) anterior to the coronal suture

Figure 7.16 ¢ Locations of the cranial burr sites. See text for dis-
cussion. (Photo courtesy of Dr. Don Penney.)



on the side of the mydriatic pupil in the mid-
pupillary line (4 to 5 cm lateral to the midline)

b. Careful attention to be lateral to the midline
is important to avoid inadvertent injury to
the superior sagittal sinus

c. After infiltrating with Xylocaine/epinephrine
local anesthetic, the area for placement of the
burr hole, a standard 3-cm scalp incision is
made and carried down to bone, similar to
that described for the temporal burr hole

6. Posterior burr hole

a. This is placed over the parietal bone approx-
imately 3 cm posterior to the external audi-
tory meatus and approximately 5 cm lateral
to the midline

b. Other landmark criteria for placing a pari-
etal burr hole suggests that the burr hole
should be two fingerbreadths posterior to
the pinna of the ear and two fingerbreadths
above the pinna of the ear

Landmarks can be extremely variable based
on the individual’s skull anatomy. Although
general guidelines are recommended, careful
attention to basic anatomical tenets minimizes
the risk of complications. It is of paramount
importance that a distance of 3 cm from the
midline always be maintained in placing any
burr hole; the midpupillary line provides an
important landmark for ensuring that the supe-
rior sagittal sinus will not be entered inadver-
tently. Being cognizant of the cranial sutures
and the approximate location of the dural
sinuses (sagittal, transverse, straight) helps to
reduce injury fo the sinuses.

PROCEDURAL STEPS PART II

1.

The incision is then made with a no. 10 scal-
pel and carried down to bone. Pressure on the
skin edges helps in attaining hemostasis. Place-
ment of a small self-retaining retractor (Weit-
lander retractor) can also be helpful in securing
hemostasis.

. Begin the trephination by using the Hudson

brace drill with the perforator bit loaded.

. Ensure that the drill is maintained in a perpen-

dicular fashion to the skull; maintaining mod-
erate pressure on the drill is recommended.

Locking your shoulder muscles to prevent
overapplication of force is advised.

. Once the outer table of the skull has been pen-

etrated, the perforator is designed to lock. At
this point the perforator bit is exchanged for
the burr bit to allow for further enlargement of
the hole. The hole is funnel-shaped and can be
enlarged further with a rongeur.

Applying more force to the drill is dangerous and
runs the risk of penetrating the intracranial cavity
(plunging) with obvious disastrous results.

5. Once the epidural space has been entered,

hematoma will be readily visible underlying
the burr hole. Acute epidural clot tends to be
thick and tenacious and can be aspirated. If clot
is identified, enlargement of the burr hole with
a rongeur will permit further evacuation.

. If epidural clot is not identified but the dura

appears discolored, this likely suggests that the
clot is located in the subdural space. Opening
the dura is then recommended. If subdural clot
is present, the brain is usually displaced from
the dura itself, which allows for safe open-
ing of the dura mater. Placing a single suture
through the outer layer of the dura to use as a
retention suture is helpful in incising the dura.
A 4-0 nylon suture (monofilament) is recom-
mended. This suture can then be removed once
the dura has been incised. The author prefers a
no. 11 scalpel blade for opening the dura.

. Again, if blood is identified in the subdural space

it can then be aspirated. Gentle irrigation with
warm sterile saline can help loosen thick clot.

. Complete evacuation of the epidural or sub-

dural space is not possible through a single
burr hole. The goal of burr hole placement is
to remove enough clot to prevent/minimize
further herniation. Once this has been accom-
plished, transfer to a facility with neurosurgical
capability is recommended.

AFTERCARE

. Trauma burr hole placement is a temporizing

procedure. Definitive management requires
transfer of the patient to a neurosurgeon. Subse-
quent to transfer the patient is likely to be taken

to the operating room where a trauma flap will



be turned, and further evacuation thorough
irrigation of the hematoma cavity and stabiliza-
tion will be carried out. If multiple burr holes
have been placed, the neurosurgeon will use
these burr holes in performing a craniotomy.

2. If infection risk is high, cranioplasty can be
completed at that time or at a later date.

3. Under normal circumstances after a trauma
burr hole has been placed, the wound should be
packed with sterile saline-soaked sponge. The
wound can be loosely closed with a monofila-
ment suture in a single layer.

4. The patient should remain intubated for
transfer, with exquisite attention paid to
hemodynamic parameters. Adequate cerebral
perfusion pressure, greater than 70 mm Hg, is
ideal. One can assume that ICP is elevated in
the head trauma patient, and ensuring that cer-
ebral perfusion pressure does not fall below 60
mm Hg is of paramount importance.

Hypotension (systolic blood pressure <90 mm Hg) and
hypoxia (oxygen saturation <90% in the field or a Pao,
<60 mm Hg) must be avoided.

5. Evidence-based data support the use of osmotic
diuretics (mannitol, hypertonic saline 3%, 5%,
7.5%) in reducing ICP. Consideration to treat
patients prior to transfer with an osmotic diu-
retic can be discussed with the accepting neuro-

surgeon.

There is no role for corticosteroids in the man-
agement of head injuries.

PEDIATRIC CONSIDERATIONS

® Prior to suture closure in the infant, subdural
and epidural aspiration can be attempted in
the event of head trauma. The procedure can
be performed in infants with fibrous or split
sutures (up to approximately 18 months of age).

e Once sutures are closed, approach to the child is
similar to that of the adult.

e Subdural hematomas can be aspirated through
the anterior fontanelle in the event that the fon-
tanelle has not closed. The posterior fontanelle
usually closes by the time an infant is 1 or 2
months old, or may already be closed at birth.
The anterior fontanelle usually closes between
9 and 18 months of age.

COMPLICATIONS

e Penetration/plunging into the underlying brain
can occur as a result of applying excessive force
while placing burr holes with either the perfo-
rator or burr bits. This can be avoided by apply-
ing a modest amount of pressure and inspecting
the burr hole regularly to determine the depth.

e Injury to underlying structures secondary to
penetration can result in further neurologic
injury, excessive bleeding, and seizures. Ensur-
ing that the anatomical landmarks are correct
and by avoiding the placement of burr holes over
underlying dural venous sinuses is of paramount
importance in minimizing risks of complications.

e Inspecting and maintaining the burr hole treph-
ination kit/tray to ensure that the perforator is
sharp, maximizes efficiency and reduces risk of
complications. Similar to other trays (e.g., chest
tube tray) housed in the ED, maintenance and
inspection on regular basis for quality control
not only diminishes infectious risks but also
maximizes efficiency in the event that emergent
trephination is required.

e Subdural/epidural empyema is a potential com-
plication of the procedure. This complication
can be avoided by maintaining sterile conditions
at all times. The physician should maintain
sterility by wearing a mask, gown, and sterile
gloves during the procedure. Prophylactic anti-
biotics have been shown to reduce postoperative
infections if administered within a 1-hour time
period prior to commencement of the proce-
dure. A broad-spectrum antibiotic that would
cover both Staphylococcus and Streptococcus
species is usually recommended. Agents such
as first- or second-generation cephalosporin or
vancomycin in those patients who are allergic
to penicillin have been effective.

e False-positive or false-negative burr holes have
been reported. This can be avoided by careful
inspection of the epidural space after burr hole



placement. Inadequate visualization and evacu-
ation often may occur secondary to the burr hole
not being large enough. If clot is identified in the
epidural or subdural space, enlargement of the
burr hole with a rongeur is recommended. This
allows for adequate decompression and can
be life-saving. Acute epidural clots tend to be
thick and tenacious and often difficult to evacu-
ate through a small opening. One must keep in
mind that burr hole placement is performed in
order to prevent further neurologic deteriora-
tion from herniation and that once the patient is
stabilized, transfer to a facility with neurosurgi-
cal expertise is required. Patients received from
outlying rural areas are brought to the operat-
ing room where a craniotomy is performed
and thorough evacuation of the hematoma is
completed. In the event that trephination and
possibly craniectomy with rongeurs has been
performed, this is usually addressed and cor-
rected by performing a cranioplasty.

Laceration of the middle meningeal artery,
superficial temporal artery, and possibly corti-
cal vessels: Monopolar cautery is not used on or
near the brain. Most vessels will tamponade with
gentle pressure. If this is not successful, consider
using a hemostatic agent such as Gelfoam or Sur-
gicel with pressure, which will usually sufhce
Facial nerve laceration can be avoided by
adhering to anatomical recommendations for
placement of the temporal burr hole

Tension pneumocephalus can result from the
accumulation of air within the intracranial
cavity after any cranial surgical procedure.
Although uncommon in day-to-day neurosur-
gical practice, it is even less likely in the scenario
of trauma burr hole. This complication is seen
more commonly in patients undergoing drain-
age of chronic subdural hematomas.
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ARTHROCENTESIS

INTRODUCTION

Joint aspiration is done either for therapy of an
acutely swollen joint or for diagnostic purposes.
Relief of joint pain is achieved rapidly, whether the
joint aspirate is due to a traumatic, gouty, infectious,
or rheumatoid arthritis. The only time one should
attempt to aspirate a joint that does not contain an
effusion is when there is a suspicion of septic arthritis.

KEY POINTS

e Perform on the extensor surface of the joint

e Place in 20 to 30 degrees of flexion to enlarge
the joint space

e In small joints, traction is important to open the
joint space

e Minimize damage to the articular cartilage from
the needle because hyaline cartilage regenerates
poorly

INDICATIONS

® Diagnosis. Table 9.1 indicates the findings in dif-
ferent joint effusions. Obtain a leukocyte count,
crystals, a Gram stain/culture, and a synovial
fluid glucose and protein analysis.

o Therapeutic. Relief of joint pain varies directly
with the rate with which the fluid has accu-

ANATOMICAL POINTS

e Techniques of aspiration based on absolute
measurements are unreliable because there is a
striking variation between individuals.

e The size and the position of each anatomical

structure are used to aid in the localization of
the injection site.

e Bony prominences are more readily palpable,

constant, and closely related to each articula-
tion.

e If the landmarks are not easily palpable when

the joint is placed in the best position for aspira-
tion, these landmarks may become more read-
ily palpable by changing the position of the joint
and subsequently moving it to a more optimal
position for aspiration.

EQUIPMENT

Povidone—iodine solution (Betadine)
Anesthetic preparation

1% lidocaine with epinephrine

Assortment of 1.5-inch needles: 18, 22, and
23 gauge

Syringes (3, 10, and 20 mL)

Sterile gloves and towels

4 X 4-inch gauze

Sample tubes for specimens

TECHNIQUE

The general technique for arthrocentesis is
mulated.

described in the next section, followed by specific
procedural steps for each joint.

CONTRAINDICATIONS

e Overlying infection PREPARATORY STEPS

e Lack of informed consent 1. Scrub the site of aspiration with povidone-

e Uncooperative patient iodine solution for 5-minutes.



TABLE 9.1 Characteristics of Synovial Fluid Effusions

Fluid Color

Clarity

Viscosity Leukocytes/mL Protein

Clear

Normal

Transparent

High 200 35

Noninflammatory Yellow
Degenerative
joint disease,
osteochondritis

dessicans

Transparent

High 200-2,000 35

Inflammatory Yellow—green
Acute gout, pseudo-

gout, rheumatic

fever, rheumatoid

arthritis, Reiter

syndrome’

Opaque

Low 2,000-50,000 35

Septic Yellow—green

Bacterial infections

Opaque

Low 50,000-200,000 35

“Synovial fluid complement is high in Reiter syndrome but is low in other acute inflammatory arthritides.

2. Drape the area with sterile towels, and perform
the procedure under sterile conditions.

3. When performing arthrocentesis over the sites
indicated for the various joints, avoid vessels
and nerves.

4. Insome patients with a markedly distended joint
capsule, there is no need to raise a wheal with
lidocaine (Xylocaine), and only a brief spray with
ethyl chloride solution gives sufficient anesthesia.

PROCEDURAL STEPS

1. When the synovial lining is entered, the folds
of synovium or cellular debris may act as a flap
valve on the end of the needle, preventing easy
withdrawal of fluid.

2. When this is suspected, move the needle about
gently and reinject a little fluid already with-
drawn to push the tissue or clot away from the
tip of the needle.

3. When aspiration must be performed in joints
with little fluid (e.g., for the detection of septic
arthritis), aspiration may be facilitated by wrap-
ping the joint, except for the site of aspiration,
with an elastic bandage to compress the free fluid
into that portion of the sac being punctured.

4. In general, always aspirate all readily accessible
fluid at the time of aspiration.

AFTERCARE

1. Gauze or Bandage
2. Instruct the patient to return if symptoms
worsen

COMPLICATIONS

e Infection. If the site of aspiration is properly
prepared, the incidence of infection is reduced
to 1:15,000

e Articular cartilage injury

INTERPHALANGEAL JOINT ARTHROCENTISIS

PROCEDURAL STEPS

1. Distract and flex the joint by approximately
20 degrees

2. Insert the needle tip at a point just lateral to
the skin crease line on the dorsum of the finger
(Fig. 9.1). This line corresponds to the location
of the joint.



Figure 9.1 ® To perform arthrocentesis of
the interphalangeal joints, place the needle in the
dorsal crease line produced by the joint as shown.
Attempt to lift up the tendon, inserting the needle
underneath it.

3. “Lift up” the extensor tendon, by trying to
insert the needle tip under it.

The undersurface of the tendon is attached to
the dorsal surface of the joint capsule. Placing
the needle just under the tendon means that it
must be in the joint space.

METACARPOPHALANGEAL JOINT
ARTHROCENTISIS

PROCEDURAL STEPS

1. Distract and flex the joint by approximately 20
degrees (Fig. 9.2).

2. Locate the head of the metacarpal and insert
the needle dorsally and adjacent to the extensor
tendon in the fossa created by distraction.

As in arthrocentesis of the inferphalangeal
(IP) joint, being under the tendon means that
the needle is in the joint space.

3. To perform arthrocentesis of the thumb meta-
carpophalangeal (MCP) joint, place the needle

Figure 9.2 ® Apply traction on the distal phalynx
which opens the metacarpophalangeal joint space
alowing entrance of the needle next to the extensor
tendon.

on the radial side of the joint. Insert the needle
just radial to the extensor pollicis longus tendon.

THUMB CARPRMETACARPAL JOINT
ARTHROCENTISIS

PROCEDURAL STEPS

1. This small joint is a common site of arthritides
that may require aspiration for diagnostic pur-
poses (Fig. 9.3).

2. Apply traction of the thumb and flex it and the
wrist with the hand held in slight ulnar devia-
tion to aid in increasing the target area.

3. Insert the needle at the dorsal aspect over the

radial side of the hand.

RADIOCARPAL (WRIST) JOINT
ARTHROCENTISIS

PROCEDURAL STEPS

1. The site for needle insertion is between the
ulnar border of the anatomic snuffbox (extensor
pollicis longus tendon) and the common exten-
sor tendons (Fig. 9.4).

2. Palpate Lister tubercle on the dorsal aspect of
the radius with the wrist relaxed and flexed.
Just ulnar and distal to Lister tubercle is a slight
depression that marks the site for arthrocentesis.

3. Flex and provide slight ulnar deviation to open
the joint cavity dorsally and stretch the capsule
and the extensor retinaculum. Additional trac-
tion on the hand may further increase the radi-
ocarpal joint space.



Figure 9.3 ® Arthrocentesis of the metacarpo-
phalangeal joint of the thumb. To perform this
arthrocentesis, be sure to distract the thumb as
shown and insert the needle laterally along the
radial border of the joint, once again attempting to
lift the extensor pollicis. See text for details.

4. Insert a needle just distal to the rim of the
radius in the depression.

5. Direct the needle between the radius and the
lunate (the bone that lies at the floor of the
depression).

INTERCARPAL JOINT ARTHROCENTISIS
INDICATIONS

Intercarpal arthrocentesis is rarely indicated.
However, in patients with possible gout, sepsis,
or unknown cause of intercarpal joint effusion,
this procedure may provide the fluid necessary to
make a diagnosis. On examination, the dorsum of
the hand is swollen distal to the wrist joint. In fact,
the lunate fossa is palpable. The examiner will

Extensor
pollicis
longus
tendon

L ocation of abductor
pollicis longus
and extensor

Common pollicis
extensor Tubercle brevis
tendon of Lister
Optimal
site for
arthrocentesis
Figure 9.4 o Radiocarpal arthrocentesis. The

optimal site for arthrocentesis is shown and is
discussed in the text. A depression can be palpated
just ulnar to the course of the extensor pollicis longus
tendon distal and ulnar to Lister tubercle. This is the
site of aspiration.

note swelling between the wrist joint and the mid-
dle of the hand metacarpals on the dorsal surface.

PROCEDURAL STEPS

Because the intercarpal joints communicate
freely through a common synovial space, a
single site for aspiration is adequate.

1. Palpate Lister tubercle with the patient clench-
ing the fist.

2. Place the examining finger just distal and ulnar
to Lister tubercle. As the patient flexes the
wrist, the dorsum of the lunate bone becomes
palpable.

3. Distal to the lunate bone is a depression between
the lunate and the capitate, which is the optimal
site for aspiration (Fig. 9.4).

4. Thus, radiocarpal arthrocentesis is performed
by placing the needle in the depression proxi-
mal to the lunate and intercarpal arthrocentesis



is performed by placing the needle diszal to the

lunate with the wrist more acutely flexed.

JOINT ARTHROCENTISIS

PROCEDURAL STEPS

Three bony landmarks are readily palpable
on the lateral side of this joint: the lateral epi-
condyle, the head of the radius, and the tip
of the olecranon process.

1. Extend the elbow to approximately 135 degrees
with the forearm held midway between prona-

tion and supination (Fig. 9.5).

2. Insert the needle in the middle of a triangle
formed by connecting these three bony land-

mark.

3. Enter the joint at a 90-degree angle to the
humerus, traversing the skin and anconeus

muscle.

Lateral
epicondyle

Olecranon

Head of
radius

SHOULDER JOINT ARTHROCENTISIS:
ANTERIOR APPROACH

PROCEDURAL STEPS

L.

Place the patient in either a sitting or supine
position; however, the procedure is more eas-
ily performed with the patient sitting (Fig.
9.6)

. Palpate the bony landmarks: the coracoid

process and the head of the humerus, which
is palpable just medial to the lesser tuberos-

ity.

. Abduct the arm 15 to 20 degrees.
. Obtain further opening of the joint space by

having an assistant apply gentle downward
traction on the arm.

. Insert the needle just medial to the head of the

humerus between it and the tip of the coracoid
process.

. The needle passes through the coracobrachialis

and subscapularis before entering the joint.

Figure 9.5 ® Elbow joint arthrocentesis. See text for

discussion.

Figure 9.6 ® The anterior approach for shoulder
arthrocentesis. See text for discussion.



SHOULDER JOINT ARTHROCENTISIS: STERNOCLAVICULAR JOINT

POSTERIOR APPROACH ARTHROCENTISIS
PROCEDURAL STEPS PROCEDURAL STEPS
Posterior approach is preferred over the an- e This joint is the most common site for septic
terior approach. arthritis and osteoarthritis in patients who
abuse intravenous drugs.
o It is a rather difficult joint to aspirate or

inject unless it is distended.
e The sternoclavicular joint is difficult to enter
: _ ’ from directly anterior because of the fibro-
2. Have the patient push against the examiner’s cartilaginous articular disc that lies within
hand, which is held behind the arm. This the joint.

brings out an “indentation” produced by the

1. Position the arm in 90 degrees of abduction.

deltoid and infraspinatus muscles.

3. Insert the needle in this indentation while

the shoulder is internally rotated to separate 1. Place the patient in a supine position with the
the humeral head from the glenoid fossa arm abducted to 90 degrees and dropped back-
(Fig. 9.7). ward over the edge of the table. This brings

4. The needle passes through the posterior fib- the clavicle forward and permits insertion of the
ers of the deltoid muscle before entering the needle from a medial position and avoids the
joint articular disc.

Spine of
. o scapula

Angle of
acromion

L fos

Figure 9.7 ® The posterior approach to shoulder arthrocentesis. The needle is placed
in the “fossa” or indentation between the inferior border of the infraspinatus and

deltoid.
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Figure 9.8 ® Sternoclavicular joint arthrocentesis.
Insert the needle adjacent to the suprasternal notch,
and aim it posteriorly.

2. Insert the needle into the joint just adjacent to
the suprasternal notch, aiming the needle pos-
teriorly (Fig. 9.8).

3. The joint is entered after a few millimeters.

HIP JOINT ARTHROCENTISIS

PROCEDURAL STEPS

e The hip joint is the most difficult to aspirate
because of the large amount of soft tissue
around this joint. In the best of hands, a
failure rate of more than 50% is reported.

e The anterior approach is the most fre-
quently used; however, the authors believe
this procedure is best done under fluros-
copy. The incidence of infection is higher
than in all the other types of arthocentesis
combined.

e The head of the femur lies halfway be-
tween the anterior superior iliac spine and
the lateral tubercle of the pubis and ap-
proximately 1 to 1.5 inches distal to the
inguinal ligament.

1. Position the patient so that the hip is in maximal
extension and internally rotated. This brings
the greater trochanter out from under the glu-
teus maximus muscle and positions the neck of
the femur in a plane parallel to the table.

Figure 9.9 ® Hip arthrocentesis anterior approach.
The point of entrance is approximately 2 to 3 cm below
the anterior superior iliac spine and 2 to 3 ¢m lateral to
the femoral pulse, depending on the size of the patient.

2. Use a 19- or 20-gauge needle that is approxi-
mately 2.5 to 4 inches long, depending on the
size of the individual patient.

3. Enter the skin 1 to 1.5 inches distal to the inguinal
ligament.

4. Enter the joint 2 to 3 cm below the anterior
superior iliac spine and 2 to 3 cm lateral to the
femoral pulse, depending on the size of the
patient (Fig. 9.9).

5. Insert the needle at a 60-degree angle with the
skin, aiming it posteromedially through the
capsular ligaments until the bone is reached.

6. Withdraw the tip slightly and aspirate.

7. Nothing may be aspirated even though the
joint has been entered, so use fluoroscopic
guidance to ascertain entrance into the joint.

KNEE JOINT ARTHROCENTISIS:
PARAPATELLAR APPROACH

PROCEDURAL STEPS

o The knee contains the largest synovial cav-
ity in the body. It is the most commonly as-
pirated joint in the emergency department.

e Because of the size of this joint and its
relatively superficial nature, it is the easi-
est joint fo aspirate, particularly when it is
tightly distended with an effusion.




o Suprapatellar, infrapatellar, and parapatel-
lar approaches have been advocated.

e The suprapatellar approach is a good
method if large volumes of fluid are present
in the suprapatellar pouch; however, this ap-
proach has the disadvantage that the supra-
patellar bursa is not always continuous with
the joint cavity. This problem is especially
likely in patients with multilocular joint effu-
sions (e.g., chronic arthritis). Also, if a small
effusion or no effusion is present, the bursa
may be little more than a potential space.

1. For the parapatellar approach, place the patient
in a supine position on the examining table

with the knee fully extended (Fig. 9.10).

2. Prepare the knee adequately with an antiseptic

agent.

and between the inferior surface of the patella

and the patellar groove of the femur.

KNEE JOINT ARTHROCENTISIS:
INFRAPATELLAR APPROACH

This is the preferred approach by the authors.

PROCEDURAL STEPS

In this approach, the knee is aspirated is
in the infrapatellar region, through the
fat pad and between the condyles of the
femur.

. Insert the needle at the medial border of the
patella 1 to 2 em proximal to the inferior pole

The advantages of this approach are that
synovial membrane folds are seldom encoun-
tered, while the disadvantage is that small
effusions are difficult to aspirate and carti-
laginous damage can occur.

. Use an 18- or 20-gauge needle on a 10-mL

syringe, except when performing the proce-
dure for purposes of aspirating a hemarthrosis,
in which case, use a 16- to 18-gauge needle on a
20-mL syringe.

. Position the patella in 90 degrees of flex-

ion (the patient can be sitting with the legs
hanging over the edge of the table). Flexion
greatly enlarges the vertical dimensions of
the joint and stretches the patellar liga-
ment, permitting easy entrance into the joint
space.

. Insert the needle immediately below the apex

of the inferior pole of the patella on either side
of the patellar ligament and aim the needle
centrally toward the the intercondylar fossa
(Fig. 9.11).

. Direct the needle perpendicular to the patellar

tendon.

Figure 9.10 ® Medial view of the knee showing
the parapatellar approach to knee arthrocentesis.

ANKLE JOINT ARTHROCENTISIS:
ANTEROMEDIAL APPROACH

PROCEDURAL STEPS

Most authors prefer the anteromedial ap-
proach because there is slightly more space
for insertion of the needle.




tendon

Figure 9.11 ® The infrapatellar approach for knee
arthrocentesis. The anterior oblique view of the knee
is shown with the needle inserted just inferior to
the inferior pole of the patella, through the patellar
tendon, and into the joint space after traversing the
fat pad behind the patellar tendon. Flex the knee to
90 degrees with this approach, to avoid striking the
articular surface.

Tibia

. Place the patient in a supine position with the

ankle plantar flexed to permit a wider area for
entrance into the joint (Fig. 9.12).

. If the patient inverts the foot against resistance,

a “fossa” will be seen, which is the site of inser-
tion of the needle.

. Palpate the sulcus medial to the extensor

hallucis longus tendon between the medial
malleolus and the distal articular surface of
the tibia.

. Insert the needle just distal to the edge of

the tibia and medial to the extensor hallucis
longus tendon, directing it perpendicular to the
floor (in the supine patient) and in line with the
medial malleolus.

. Alternatively, entry can be made just lateral to

the extensor hallucis tendon.

ANKLE JOINT ARTHROCENTISIS:
ANTEROLATERAL APPROACH

PROCEDURAL STEPS
1. Place the patient in a supine position (Fig. 9.13).

Extensor hallucis
longus tendon

Figure 9.12 ® To perform the arthrocentesis of the ankle, two approaches are
shown. In the first, the anterior approach is shown with the extensor hallucis tendon
identified. Insert the needle underneath the inferior border of the tibia with the foot in
plantar flexion just lateral to the extensor hallucis tendon (A). In the second approach
(B), insert the needle medial to the extensor hallucis tendon, between that tendon and
the end of the tibia. One usually finds that, by inverting the foot against resistance, the
tibialis anterior tendon will stand out, revealing a “fossa” inferior to this tendon at the
distal end of the medial malleolus. This fossa is the site for insertion of the needle.
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Figure 9.13 ® Arthrocentesis of the ankle. See text
for discussion.

2. Plantar flex the ankle.

3. After palpation, insert the needle between the
medial margin of the lateral malleolus and the
extensor digitorum communis tendons.

This is not our preferred approach; however,
in cases in which the medial approach is not
feasible (e.g., cellulitis), it may be used.

SUBTALAR JOINT ARTHROCENTISIS

PROCEDURAL STEPS

e The subtalar joint is very difficult to enfer,
and arthrocentesis of this joint is not com-
monly performed in the emergency depart-
ment. The indications are suspected septic
arthritis or gout.

o When an effusion is present, swelling will
be noted below the lateral malleolus.

Figure 9.14 ® Subtalar arthrocentesis. The site of
injection should be just proximal to the sinus tarsi.

1. Perform the procedure while the patient is
supine with the foot held perpendicular to
the leg.

2. Insert the needle just below the lateral malleo-
lus, perpendicular to the skin (Fig. 9.14).

TOE MCP JOINT ASPIRATION

PROCEDURAL STEPS

The first metatarsophalangeal joint is a frequent
site of involvement in gouty arthritis. Aspiration
is easily performed in the patient with a joint
effusion.

1. Use a 22-gauge needle attached to a 5-mL
syringe.

2. Apply linear traction to facilitate entry into the
joint.

3. Insert the needle on the dorsal surface medial
to the extensor tendon between the metatarsal
head and the phalanx (Fig. 9.15).

TOE IP JOINT ASPIRATION

PROCEDURAL STEPS

1. Use a 22-gauge needle.

2. Traction facilitates entry into the joint

3. Insert the needle over the dorsal surface from
either a medial or a lateral direction



Figure 9.15 ® Metatarsophalangeal joint aspiration.
Enter the joint from the dorsal surface, just medial
or lateral to the extensor hallucis longus tendon.
Distraction is crucial in entering this joint.

4. Slip the needle beneath the extensor tendon
between the cartilaginous surfaces forming the
joint (Fig. 9.16).



SECTION 5

INTRAOSSEOUS INFUSION



Procedure Guidelines for Power-Driven
Intraosseous Devices

Purpose

To provide procedural guidance for insertion and maintenance of a power-driven IO device.

Definitions

Intraosseous: situated within, occurring within, or administered by entering a bone

Key Words

Intraosseous, infusion, vascular access

Equipment

1.
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9.

10.
11.
12.
13.
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2.

Instructions for Use of Power-Driven 10 Device

One power driver
Appropriate size intraosseous needle set based on patient size and weight
o 15mm 3-39 kg
o 25mm 40 kg and greater
o 45mm excessive tissue
One connector component
Three (3) 10 ml syringes
Sterile saline solution for flush. Note: Consider 2% lidocaine without preservatives or epinephrine (cardiac
lidocaine) for patients responding to pain
Two (2) pairs non-sterile non-latex gloves
Antiseptic agent per institution protocol
One (1) semi-permeable transparent dressing (optional)
One (1) sterile 2x2 or 4x4 gauze pad
One (1) (appropriate volume and type) intravenous solution
One (1) fluid administration set (institution specific)
One (1) fluid administration pump or pressure bag (institution specific)
One (1) stabilizer component

Indications for Use — for power-driven device — Review manufacturer Directions For Use

1.1 For adults and pediatrics anytime in which vascular access is difficult to obtain in emergent,
urgent or medically necessary cases.

Contraindications for power driven device — Review manufacturer Directions For Use

2.1 Fracture of the targeted bone

2.2 Previous orthopedic procedures near insertion site (prosthetic limb or joint)
2.3 IO within the past 24 - 48 hours in the targeted bone

2.4 Infection at the insertion site



2.5 Inability to locate landmarks or excessive tissue over the insertion site
3. Considerations

3.1. Ensure the administration of a rapid SYRINGE BOLUS (flush) prior to infusion NO FLUSH = NO
FLOW
e Rapid syringe bolus (flush) the catheter with 10 ml of normal saline
e Repeat syringe bolus (flush) as needed
* Pain: If prescribed by a physician the 2% lidocaine without preservatives or epinephrine (cardiac
lidocaine) must be infused slowly to prevent it from being sent directly into the central circulation.
Medications intended to remain in the medullary space, such as a local anesthetic, must be administered
very slowly until the desired anesthetic effect is achieved.

*Consult pharmaceutical DFU’s for lidocaine 2% (preservative and epinephrine-free) prior to infusion
*Authorized prescriber must authorize appropriate dosage range and titration

4. Procedure

4.1. Explain procedure to patient/family
4.2. Choose appropriate intraosseous needle set and assemble equipment
4.3. Obtain assistance as needed
4.4. Wash hands
4.5. Draw up syringe with sterile saline solution (10 ml)
4.6. Inspect needle set package to ensure sterility
4.6.1. Connect 10 ml syringe to connector component, primed with sterile saline or lidocaine as
appropriate
4.6.2. Obtain blood samples for laboratory analysis (as necessary) prior to priming connector
component
4.6.3. Leave syringe attached to connector component
4.7. Palpate site to locate appropriate anatomical landmarks for needle set placement
4.8. Locate appropriate insertion site
e 25mm: (commonly for 40 kg and over)

o Proximal Tibia — Insertion site is approximately 2 cm below the patella and
approximately 2 cm (depending on patient anatomy) medial to the tibial
tuberosity.

o Distal Tibia - Insertion site is located approximately 3 cm proximal to the
most prominent aspect of the medial malleolus. Place one finger directly over
the medial malleolus; move approximately 2 cm (depending on patient
anatomy) proximal and palpate the anterior and posterior borders of the tibia
to assure that your insertion site is on the flat center aspect of the bone.

o Proximal Humerus — Insertion site is located directly on the most prominent
aspect of the greater tubercle. Slide thumb up the anterior shaft of the
humerus until you feel the greater tubercle, this is the surgical neck.
Approximately 1 cm (depending on patient anatomy) above the surgical neck
is the insertion site.

Instructions for Use of Power-Driven 10 Device 2



= FEnsure that the patient’s hand is resting on the abdomen and that the
elbow is adducted (close to the body).
e 45mm: (recommended for the proximal humerus application, patients with
excessive tissue over the insertion site or when a black line is not visible after
penetration into the tissue)

o Proximal Tibia — Insertion site is approximately 2 cm below the patella and
approximately 2 cm (depending on patient anatomy) medial to the tibial
tuberosity.

o Distal Tibia - Insertion site is located approximately 3 cm proximal to the
most prominent aspect of the medial malleolus. Place one finger directly over
the medial malleolus; move approximately 2 cm (depending on patient
anatomy) proximal and palpate the anterior and posterior borders of the tibia
to assure that your insertion site is on the flat center aspect of the bone.

o Proximal Humerus — Insertion site is located directly on the most prominent
aspect of the greater tubercle. Slide thumb up the anterior shaft of the
humerus until you feel the greater tubercle, this is the surgical neck.
Approximately 1 cm (depending on patient anatomy) above the surgical neck
is the insertion site.

= FEnsure that the patient’s hand is resting on the abdomen and that the
elbow is adducted (close to the body).
e 15mm: (commonly for 3-39 kg, consider tissue depth over the landmark desired)

o Proximal Tibia - If NO tuberosity is present, the insertion is located
approximately 4 cm below the patella and then medial along the flat aspect of
the tibia. If the tuberosity IS present, the insertion site is located
approximately 2cm medial to the tibial tuberosity along the flat aspect of the
tibia. Carefully feel for the “give” or “pop” indicating penetration into the
medullary space.

o Distal Tibia - Place one finger directly over the medial malleolus; move
approximately 2 cm (depending on patient anatomy) proximal and palpate the
anterior and posterior borders of the tibia to assure that your insertion site is
on the flat center aspect of the bone.

o Proximal Humerus - The insertion is located directly on the most prominent
aspect of the greater tubercle. Slide thumb up the anterior shaft of the humerus
until you feel the greater tubercle, this is the surgical neck. Approximately 1
cm (depending on patient anatomy) above the surgical neck is the insertion
site. Ensure that the patient’s hand is resting on the abdomen and that the
elbow is adducted and positioned at the level of the spine. The proximal
humerus may be difficult or impossible to palpate in children less than 5 years
of age as the greater tubercle has not yet developed. In these cases the
insertion will most likely be a shaft insertion.

4.9. Apply non-sterile latex free gloves

4.10. Drop the following onto non-sterile field:
4.10.1.1. Antiseptic agent per institution protocol
4.10.1.2. Semi-permeable transparent dressing (optional)
4.10.1.3. 2x2 gauze or 4x4 gauze

Instructions for Use of Power-Driven 10 Device 3



4.10.1.4. Needle Set, in cartridge, and connector component (with attached syringe)
4.11. Cleanse site using antiseptic agent per institution protocol
4.12. Allow to air dry thoroughly
4.13. Connect appropriate needle set to driver
4.14. Stabilize site
4.15. Remove needle cap
4.16. Insert needle into the selected site. IMPORTANT: Keep hand and fingers away from needle
set
4.16.1. Position the driver at the insertion site with the needle set at a 90-degree angle to the bone
surface. Gently pierce the skin with the needle set until the needle set tip touches the bone.
4.16.2. Check to ensure that at least one black line is visible. If no black line is visible, patient may have
excessive soft tissue over selected insertion site and needle set may not reach the medullary
space. Consider an alternative site for insertion or a longer needle set.
4.16.3. Penetrate the bone cortex by squeezing driver’s trigger and applying gentle, consistent, steady,
downward pressure (allow the driver to do the work)
4.16.4. Release the driver’s trigger and stop the insertion process when:

1. On adult patients when accessing the tibia using the 25mm needle set or the proximal
humerus using the 45mm needle set, you may stop by releasing the trigger when the hub is
almost flush with the skin.

2. On pediatric patients when you feel a decrease in resistance indicating the needle set has
entered the medullary space, release the trigger.

4.17. Remove power driver from needle set while stabilizing the catheter hub

4.18. Remove stylet from catheter by turning counter-clockwise and immediately dispose of stylet in

appropriate biohazard sharps container
*NEVER return used stylet or cartridge to the device kit or crash cart

4.19. Secure site with stabilizer component

4.20. Connect primed connector component to exposed Luer-lock hub

4.21. Confirm placement

4.22. Syringe bolus: flush the catheter with 10 ml of normal saline

4.22.1. If the patient is responsive to pain the clinician may consider use of 2% lidocaine without

preservatives or epinephrine (cardiac lidocaine) for anesthetic effect prior to the 10ml normal
saline flush and it may be necessary to administer additional lidocaine following the saline
flush.

4.23. Assess for potential IO complications

4.24. Disconnect 10 ml syringe from connector component extension set

4.25. Connect primed connector component extension set to primed IV tubing

4.26. Begin infusion utilizing a pressure delivery system

4.27. Secure tubing and catheter per institution policy

4.28. Continue to monitor extremity for complications

4.29. Place armband on patient, document time and date

CATHETER REMOVAL

1. Remove the extension set from the needle hub
2. Attach a 5-10 ml sterile syringe (with standard Luer-lock) to act as a handle and to cap the open 1O port

Instructions for Use of Power-Driven 10 Device 4



3. Grasp syringe and continuously rotate clockwise while gently pulling the catheter out (maintain a 90-
degree angle to the bone). DO NOT ROCK OR BEND DURING REMOVAL.

4. Dispose of catheter into a sharps container

Apply pressure to site as needed; apply adhesive dressing as indicated

9]
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SECTION 6

RESUSCITATIVE THORACOTOMY



RESUSCITATIVE THORACOTOMY
INTRODUCTION

Emergency department thoracotomy (EDT) is a
procedure used for victims of penetrating trauma to
relieve pericardial tamponade, control intrathoracic
hemorrhage, preserve cardiac output to the brain
and the heart, provide direct access for cardiac mas-
sage, and to provide intracardiac administration of
resuscitative medications. The actual opening of
the chest is just a small aspect of the resuscitative
thoracotomy. Opening of the pericardium, repair
of cardiac injuries, cross-clamping the aorta or pul-
monary hilum, and controlling great vessel or lung
hemorrhage are the major aspects of the procedure.

KEY POINTS

e For the best outcome of the patient, it is impera-
tive that the following goals be kept firmly in
mind, and that once accomplished, the patient be
moved expeditiously to the operating room. The
window of opportunity is slim and can be wasted
by unnecessary time spent in the emergency
department when the patient should be rapidly
moved to a more controlled environment.

Saxion |

Closure of the thorax requires a surgeon,

and no resuscitative thoracotomies should be

undertaken unless there is a frauma or cardio-

thoracic surgeon on-site to complete this task.

The goals of and EDT are:

* To stop lethal exsanguination by repair of
injuries

* To relieve the pericardial tamponade with
restoration of perfusion

® To cross-clamp the aorta for distal abdomi-
nal arterial vascular control

* To re-establish meaningful spontaneous car-
diac contractions with signs of perfusion

e Left anterolateral approach is the preferred
method, even if the presenting wound is on the
right side of the chest

Saxion |

An EDT should always start with opening
of the left side of the chest (even if there is
penetrating trauma to the right side) as this
allows for definitive management of cardiac
tamponade, left hilar injury, cardiac wound
repair, and thoracic aortic occlusion. When
the left side thoracotomy has been completed
and there are still no signs of life, the right-
sided thoracotomy can then be performed.

e Gaining access to the thoracic cavity should
take no longer than 1 to 2 minutes.

® Definitive airway management should occur
prior to EDT.



If endotracheal intubation is performed, ad-
vance the tube to the right mainstem, which
will ventilate the right lung. This will help to
avoid injury fo the left lung with thoracotomy
exposure to the left side, while oxygenating
and ventilating the right lung (pass the endo-
tracheal tube to 30 cm).

e Pass a nasogastric tube to help distinguish
aorta from the esophagus, to assist during aorta
cross-clamp.

e The best access to the heart and great vessels is
through the dissection into the fourth intercos-
tal space.

e To make sure the extension into the right cavity
is possible, place the rib spreaders with handle
downward.

e Avoid injuring the intercostal neurovascular
bundle by making the incision above the rib.

The following conditions improve the survival
after the EDT:

e Signs of life in the emergency department
or prior to arrival there

e Stab wounds versus gunshot wounds, be-
cause gunshot wounds do not seal as well
and have higher associated kinetic energy,
consistent with greater tissue and structural
damage

e Thoracic injuries versus abdominal injuries,
because of the low neurologic survival rate
after cross-clamping of the aorta

e Penetrating injuries versus blunt injuries,
because of poor cardiac function after a
blunt injury

INDICATIONS

EMERGENCY THORACOTOMY BY
MECHANISM OF INJURY

e Control penetrating exsanguinating intratho-
racic hemorrhage

Cardiac tamponade that cannot be decompressed
via needle aspiration

Intra-abdominal exsanguinations

Internal cardiac massage

CONTRAINDICATIONS

Blunt trauma victims should not undergo EDT,
with or without vital signs

Penetrating abdominal trauma without vital
signs at the scene or in the transit to the emer-
gency department

Obvious massive intracranial trauma

ANATOMICAL POINTS

Identify the left fourth intercostal space (in female
patients, located along the inframammary line;
retract breast upward)

The incision should follow the curvature of the
ribs from the midsternum to the posterior axil-
lary line

EQUIPMENT

Povidone—iodine (Betadine)

Two Allis clamps

Tooth forceps

Sterile field

Scalpel with a no. 20 (or less ideally, a no. 10)
blade

Mayo scissors (curved), rib spreaders (Finochi-
etto chest retractor)

Curved Metzenbaum scissors

Lebsche knife and hammer, hemostats
Satinsky vascular clamps (two each, large and
small)

DeBakey tangential occlusion clamp (aortic
clamp)

Two Finochietto rib retractors (12-inch
spread)

Suction catheter

Hemostats

Tonsil clamps (four)

Two 10-inch needle drivers (Hegar)

Various large silk sutures on large curved nee-

dles with Teflon pledgets (2-0, 0, 1, 2)
Adequate suction (two sources preferable)
Internal defibrillator paddles

Foley catheters

Multiple towels

Thirty 4 X 4-inch sponges



TECHNIQUE

PREPARATORY STEPS

1. Make sure patient has definitive airway man-
agement prior to EDT.

2. Itisideal to place a nasogastric tube and apply
to suction.

Placement of the nasogastric tube will allow
identification of the esophagus and will assist
in allowing easier anatomical identification
of structures when attempting cross-clamping
of the aorta.

. Place large-bore catheter intravenous lines in
the upper extremities or have central access to
manage ongoing hypovolemia adequately.

. To give the best exposure during left antero-
lateral thoracotomy, place several rolled sheets
under the left scapula. This allows the poste-
rior aspect of the incision to go back far enough
to allow adequate exposure.

. No anesthesia or analgesia is necessary because
these patients are moribund.

. With the patient intubated, quickly apply pov-
idone-iodine over the anterolateral chest wall
bilaterally.

. Abduct and externally rotate the left arm and
place over the head to allow better exposure of
the chest wall.

Universal precavtions must be used because there is
no more invasive procedure than this in the emer-
gency department, and staff can be readily exposed
to blood and chards of bone.

PROCEDURAL STEPS

1. Make a single large incision in the fourth or
fifth intercostal space extending from the
sternum (2 cm lateral to the sternum) to the
posterior axillary line (Fig. 4.4), preferably
in one large “slashing” stroke; the incision is
extended below the nipple line in men and
the inframammary line in women. The blade

Figure 4.4 ¢ A single incision made in the
fourth or fifth intercostal space through the skin,
subcutaneous tissue, and muscle to enter the tho-
racic cavity.

should incise through the skin, subcutaneous
fat, and intercostal muscles.

This incision must be fast and deep, cutting
through all the layers in a single cut. Caution
should be taken to make sure that the cut is
not too deep fo injure underlying lung tissue.

2. Enter the chest cavity using Mayo scissors to
separate the intercostal muscles that are not
already severed with the scalpel. Use second
and third fingers to separate the pleura of the
lung from the chest wall.

Be cautious of inadvertant lacerations to any lung
tissve adherent to the chest wall. The operator’s
fingers should be placed in through the intercostal
incision and slide along with the Mayo scissors to
avoid this complication.



3. Insert Finichetto rib spreader and crank it
open for maximal exposure.

CAUTION

Rib spreaders may cause fracture of the ribs at mul-
tiple places.

The rib spreader should be placed with the
crank downward in case the thoracotomy in-
cision needs to be extended to the right side.

In this manner, the cranking mechanism will
be out of the way.

Patients with previous thoracotomy (i.e., previous cor-
onary artery bypass graft surgery) may have multiple
adhesions. The operator must open the rib spreaders
with extreme causion as these adhesions may cause
damage to lung parenchyma and myocardial tissue.

4. Manually move the lung out of the way and
evacuate clots for visual exposure; identify the
pericardium.

5. Digital pressure is best when simultaneously per-
forming open cardiac compressions to prevent
blood from squirting out during manual systole.

6. If the wound location mandates better expo-
sure for repair, continue the incision across the
sternum, using the Lebsche knife, or specially
designed sternal cutter that should be in the tho-
racotomy tray, and continue in the right fourth
or fifth intercostal space (clam-shell exposure).
Apply the other rib spreaders to the right side or
at the at the sternum for maximal exposure.

7. In absence of cardiac injury, initiate open
cardiac massage. If ventricular fibrillation is
present, apply 10 to 15 ] using the open defi-
brillator paddles to convert the movements
into more organized contractions.

8. Intracardiac epinephrine may be given to
augment myocardial resuscitation and may be
given according to standard advanced cardiac
life support (ACLS) guidelines of 1 mg int-
racardiac. If there is asystole without evidence

of spontaneous movement of heart muscle,

then continue vigorous, but careful, cardiac
massage (see page 161, open cardiac massage
section) along with restoration of intravascu-
lar red cell mass and intravascular volume.
Again, use epinephrine in this setting to help
establish return of spontanecous heartbeats or
fibrillation, which can then be cardioverted.
9. Place the hand in the thoracotomy incision and
palpate the diaphragm posteriorly. As the fin-
gers are slid posteriorly to the midline, palpate
the vertebral bodies, and the diaphragm will
be just inferior to the hand. The first palpa-
ble structure alongside the vertebral bodies at
this junction is the thoracic aorta. The thoracic
aorta overlies the vertebral bodies and is sepa-
rated from the esophagus. Previous placement
of a nasogastric tube will assist in identifica-
tion of the esophagus. The esophagus courses
anteriorly and medial to the aorta. The aorta
is difficult to palpate in hypovolemic patients
as the thoracic aorta may be collapsed. Fur-
thermore with massive hemorrhage, it may
be impossible to visualize the aorta. Thus
this is most often a blind procedure, and the
aorta is mobilized by freeing the pleura above
and below, with care taken not to rupture the
intercostal arteries. Alternatively, palpate the
diaphragm where it joins the spinal vertebral
bodies. The aorta is the first tubular structure
that lies anteriorly. The esophagus at this point
is seperated from the aorta by several centime-
ters. One can then follow the aorta proximally.
10. Once the pleuraisbroached and the aortais dig-
itally freed, apply a DeBakey aortic occlusion
clamp, trying to avoid the esophagus. Alterna-
tively, a compression device can be used (Fig.
4.5 ). Note verbally the time of cross-clamping.
A maximal time of cross-clamping should be
about 30 minutes to prevent sequelae, such as
spinal cord, bowel, or renal ischemia.

The lung will be inflating with ventilation. By
pushing the endotracheal tube deeper into
the trachea and in essence becoming a right
mainstem intubation, the left lung will deflate,
which will allow easier visualization of the
left hemithorax.
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Figure 4.5 ¢ A solid metal aortic compression
device can be made in any hospital maintenance
shop. Rubber tubing placed across the base of the
U-shaped device serves as an aortic compressor.
This can be applied via a thoracotomy to compress
the aorta, as shown in the diagram.

11.

12.

13.

If bleeding is identified, apply digital pressure
to slow/stop the bleeding source.

Sweep the hand inferiorly along the dome of
the diaphragm and then come upward along
the mediastinum medially, when identify-
ing the pericardial sac. Using Allis clamps or
hemostats (not forceps; they have a tendency
to lose their “grip,” thus wasting time), grasp
the pericardium in a medial-lateral fashion
and retract toward the operator, causing a
rent in the pericardium that can be cut.

With the Metzenbaum scissors, incise the peri-
cardium between the Allis clamps in a vertical
fashion, with care given to not transect the left
phrenic nerve.
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Figure 4.6 ¢ Pericardiotomy is done with scissors
anterior to the phrenic nerve.

15.

for occult injuries and continue with cardiac
repair if cardiac injury is identified (see page
163, cardiac wound repair section). For control
of bleeding, obtain proximal vascular occlusion
for each injured organ. For the lung, this may
mean cross-clamping the hilum. While per-
forming this, recognize that hypoxia and pul-
monary hypertension will ensue, with major
stresses on an already ischemic heart (see page
170 hilum and great vessel injuries section).

If no injury is identified in the left thorax
and there is high index of suspicion of right-
sided injury, the right side of the chest may be
opened by extending the steranl incision and
“mirroring” the left side, performing a right-
sided thoracotomy.

The phrenic nerve runs longitudinally along
the pericardium; therefore, the opening of the
pericardium should be through a vertical inci-
sion but more anterior than the phrenic nerve.
After the opening of the pericardium, the heart
is easily exposed and delivered out through
the incised pericardium (Fig. 4.6). Then re-
move pericardial clot, if present, and look for
any cardiac injury.

14.

If cutting through the sternum, the internal mam-
mary arteries may be cut, leading to further volu-
matic compromise.

AFTERCARE

1. Remember that when vital signs are restored
suddenly after repair of the heart, anesthesia
may abruptly be required because the patient

Open the pericardium anterior to the phrenic
nerve and “birth” the heart out of the peri-
cardial covering. Inspect the heart quickly

2.

may regain consciousness.
Once beating is resumed with signs of per-
fusion and fair hemostasis achieved, take the



patient expeditiously to the operating room for
continued resuscitation and definitive repair.

PEDIATRIC CONSIDERATIONS

Children with penetrating thoracic injuries, who
are in decompensated shock in the emergency
department, should be taken directly to the oper-
ating room for resuscitative thoracotomy.

Ribs in children are very pliable in young chil-
dren and their neurovascular bundles lie lower
on the inferior margin of the ribs.

Overall approach in children is identical to that
of the adult patient.

COMPLICATIONS

Anoxic brain death as high as 50% in survivors
An elevated hemidiaphragm is frequently mis-
taken for the pericardial sac. There have been
cases in which the diaphragm was mistakenly
incised instead of the pericardial sac.

Delayed diagnosis of ventricular septal defects,
aortic valvular irregularities, atrial septal defects,
and cardiac conduction defects after cardiac
injuries

Potential transmission of blood-borne pathogens
Damage to coronary arteries and other intratho-
racic organs

Recurrent bleeding from the internal mam-
mary artery of chest wall





