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Indications

Radial arterial lines are important tools in the treatment of critically ill patients. 
Continuous monitoring of blood pressure is indicated for patients with hemody-
namic instability that requires inotropic or vasopressor medication. An arterial line 
allows for consistent and continuous monitoring of blood pressure to facilitate the 
reliable titration of supportive medications. In addition, arterial lines allow for reli-
able access to the arterial circulation for the measurement of arterial oxygenation 
and for frequent blood sampling. The placement of arterial lines is an important 
skill for physicians to master as they treat critically ill patients.

An arterial line is also indicated for patients with significant ventilatory deficits. 
Measurement of the partial pressures of arterial oxygen and arterial carbon dioxide 
provides more information about the status of gas exchange than does arterial 
oxygen saturation.

Contraindications

The contraindications to the placement of an arterial line are few but specific. 
Placement of an arterial line should not compromise the circulation distal to the 
placement site, which means that sites with known deficiencies in collateral circu-
lation — such as those involved in Raynaud’s phenomenon and thromboangiitis 
obliterans or end arteries such as the brachial artery — should be avoided.

The value of the Allen test, which is used to verify collateral circulation to the 
hand through alternate occlusion of the radial and ulnar arteries while the hand 
is checked for perfusion, is somewhat controversial. Some studies have been able 
to demonstrate adequate perfusion with the use of other techniques that contradict 
the results of the Allen test.1,2 Other contraindications include infection of the site 
where the catheter is to be placed and traumatic injury proximal to the proposed 
insertion site.

Preparation

There are several techniques for the placement of a radial arterial line; two of the 
more common are known as “over the wire” and “over the needle.” A modified 
Seldinger technique can also be used but is not described in this video.

Preparation for both techniques is identical. The equipment needed includes a 
sterile preparation solution and a sterile field, a board and tape to secure and 
position the wrist, 1 percent lidocaine solution (without epinephrine) and a small-
gauge needle and syringe for delivery, an angiographic catheter and needle, a wire 
if the over-the-wire technique is to be used, material such as suture or tape to 
secure the line once it has been placed, and a transduction system for monitoring.

After the risks of the procedure have been appropriately assessed and consent 
has been obtained from the patient, the hand should be positioned on the wrist 
board. The hand should be placed in moderate dorsiflexion, which brings the artery 
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closer to the skin and aids successful placement of the line. A flexible board or 
roll placed under the wrist can ease positioning. The site should be cleaned with 
a sterile preparation solution and draped appropriately. Sterile gloves should be 
used for catheter placement.

Placement of the Line

The radial artery is palpated 1 to 2 cm from the wrist, between the bony head of the 
distal radius and the flexor carpi radialis tendon. In a conscious patient, lidocaine may 
be infused at the insertion site to help minimize pain on insertion of the line.

For the over-the-wire technique, the artery should be palpated gently with the 
nondominant hand proximal to the insertion site. The needle should enter at a 
30-to-45-degree angle to the skin directly over the point at which the pulse is 
palpated. The catheter should be advanced slowly through the artery; once a flash 
of blood is seen in the hub of the catheter, the needle should be advanced a few 
millimeters farther through the vessel. The wire should be prepared and the 
needle slowly withdrawn until pulsatile blood flow is observed. At this point, the 
wire is advanced into the vessel. The wire should thread easily and without resis-
tance. Once the wire is in the vessel, the needle can be removed; the catheter is then 
advanced over the wire. Pressure should be placed over the artery proximal to the 
catheter, the wire removed, and the catheter connected to a transduction system.

For the over-the-needle technique, the initial approach is the same. The pulse 
should be palpated proximal to the insertion site; the needle should penetrate the 
skin at a 30-to-45-degree angle directly over the palpated pulse and then be ad-
vanced slowly toward the pulse. Once pulsatile blood return is seen in the catheter, 
the catheter should be advanced slightly farther to ensure that the catheter itself 
is within the vessel. The catheter angle should then be lowered to 10 to 15 degrees 
and the catheter advanced over the needle into the vessel.

Regardless of technique, the catheter should be secured in place. Suturing is 
the preferred method, but many practitioners choose to tape the catheter securely 
in place. It is important to ensure that the catheter is not subject to tension from the 
tubing or at risk of being removed by the patient.

Perfusion to the hand should be reassessed after placement of the arterial line 
and at frequent intervals while the line is in use. Any sign of vascular compromise 
at any time should prompt the removal of the line. The line should be removed as 
early as possible after it is no longer needed.

Complications

Arterial spasm and an inability on the part of the clinician to pass the wire or 
catheter through the artery are the most common difficulties in catheterization. If 
spasm is suspected, attempts at catheterizing that artery should be abandoned and 
an alternative site selected. If the wire or catheter cannot be passed despite the re-
turn of pulsatile blood, this is either because the angle of the needle in relation to 
the vessel is too acute or because the needle tip is not completely within the artery. 
With adjustment of the angle, a slight advance, or withdrawal of the needle, place-
ment may yet be successful.
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I n d I c a t I o n s

Central venous catheterization provides for the administration of caustic and criti-
cal medications as well as allowing sampling of blood and measurement of central 
venous pressure. Recent evidence and Institute for Healthcare Improvement bun-
dled guidelines1 suggest that the subclavian vein is the preferred choice for place-
ment of a central venous catheter.

c o n t r a I n d I c a t I o n s

General contraindications for placement of a central venous catheter include infec-
tion of the area overlying the target vein and thrombosis of the target vein. Spe-
cific contraindications to the subclavian approach include fracture of the ipsilateral 
clavicle or anterior proximal ribs, which can distort the anatomy and make place-
ment difficult. Greater caution should be used when placing a central venous catheter 
in coagulopathic patients. The location of the artery (beneath the clavicle) makes 
application of direct pressure nearly impossible in attempts to control bleeding.

E q u I p m E n t

Most of the necessary equipment can be found in commercially available kits. These 
kits typically include skin-preparation solution and a drape, lidocaine, sterile gauze, 
non-Luer lock syringes, a scalpel, a catheter, a dilator, several needles, and a guide-
wire. You will also need a sterile gown, sterile gloves, a surgical cap, a mask with a 
face shield, and drapes to cover the patient’s entire body. Flush solution is also not 
commonly found in the kits. Determine the catheter length and depth of placement 
by referring to the patient’s external landmarks. The tip of the catheter should 
reach the junction of the superior vena cava and the right atrium. Common catheters 
used range from 4-French catheters for infants to 7-French catheters for adults; 
11.5-French catheters may be used for dialysis. Because the risk of infection in-
creases with an increasing number of lumens, a catheter with the fewest number of 
lumens required should be used.

p r E p a r a t I o n

Explain the procedure to the patient and obtain written informed consent. Wear a 
sterile gown and gloves, a mask with face shield, and a surgical cap. Examine the 
patient to be sure that there are no contraindications. Place the patient in the 15-
degree Trendelenburg position, which will engorge the vein. If you place a rolled 
towel or similar object under the spine to help identify the patient’s external land-
marks, be aware that propping the shoulder or turning the head has been shown to 
decrease the size of the vein on ultrasonography.2 Scrub the area thoroughly with 
chlorhexidine. Drape the area, covering the patient’s entire body.
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Next, identify anatomic landmarks, beginning with the middle third of the 
clavicle. Follow this laterally to the point where the clavicle deviates from the 
proximal ribs (Fig. 1). Just medial to this point, the subclavian vein and artery run 
just inferior to the clavicle. This is where most successful catheterization occurs. 
The insertion site should be somewhat remote from the clavicle, so that the path 
of the needle ultimately stays parallel to and just under the clavicle. Typically, the 
point of insertion is 2 cm lateral to and 2 cm caudal to the middle third of the 
clavicle (Fig. 2). Local anesthesia with 1 to 2 ml of 1 percent lidocaine or equiva-
lent should be used in this area.

u l t r a s o u n d  G u I d a n c E

Several recent articles suggest that ultrasonography can increase the likelihood of 
successful placement of a subclavian catheter, despite the presence of bony land-
marks.3,4 Because of the greater difficulty in identifying the vein by compression, 
Doppler flow should be used to distinguish between the artery and the vein.

t h E  p r o c E d u r E

Starting 2 cm lateral to the bend of the clavicle and approximately 2 cm caudal, 
insert the catheterization needle through the skin at a 30-degree angle toward the 
sternal notch. Place a finger of your nondominant hand in the sternal notch to help 
find the landmark. Once the needle is under the skin, lower the needle and syringe 
to run parallel to but beneath (posterior to) the clavicle (Fig. 3). Access to the vein 
typically occurs just beneath the clavicle, but it may involve a depth of several cen-
timeters under the skin.

Once you have obtained venous access, carefully stabilize the needle and re-
move the syringe. Introduce the J-tipped end of the guidewire into the needle. The 
wire should thread easily and without resistance until well beyond the end of the 
needle. If you notice ectopic cardiac beats on the monitor, pull the wire back until 
the ectopic beats disappear. Then remove the needle, leaving the wire in place. 
Maintain control of the wire. A small, 1-to-2-mm incision should be made in the 
skin at the insertion point to facilitate dilator passage. Advance the dilator over 
the wire into and through the skin and then into the vessel. Once the vessel is 
dilated, the dilator can be removed. Use a gauze pad to control increased bleeding, 
which usually occurs after dilation. Advance the line over the guidewire, maintain-
ing control of the wire before passing the catheter into the skin. Remove the 
guidewire, check for blood return from all ports, flush all ports, and secure the 
catheter in place. Apply a sterile dressing before removing the drapes (Fig. 4).

c o m p l I c a t I o n s

Specific complications associated temporally with placement of a subclavian line 
include hemothorax and pneumothorax, air embolism, inadvertent arterial punc-
ture, and aortic perforation. Obtain a chest radiograph after placement to assess for 
complications and for correct placement of the catheter. Common malplacement 
locations include placement transverse to the contralateral subclavian vein, retro-
grade into the ipsilateral internal jugular vein, or potentially the contralateral inter-
nal jugular vein.

Longer-term complications include thrombosis of the vein and infection. Data 
suggest that subclavian placement mitigates but does not eliminate the risk of 
infection. Adherence to the Institute for Healthcare Improvement guidelines, in-
cluding the use of proper hand hygiene, the use of maximal barrier precautions 
during placement, the use of chlorhexidine skin antisepsis, and daily review of 
need for the catheter, will help to decrease the risk of infection.1

No potential conflict of interest relevant to this article was reported.
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Figure 3. Placement of the Needle.

Figure 4. Application of the Dressing.
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Indications

Central venous catheterization provides a route for delivery of caustic or critical 
medications and allows measurement of central venous pressure.

Contraindications

General contraindications for the placement of a central venous catheter include 
infection of the area overlying the target vein and thrombosis of the target vein; 
site-specific and relative contraindications include coagulopathy, although this is not 
an absolute contraindication. Extreme care must be exercised in patients with coagu-
lopathy and in other patients for whom complications would be life-threatening.

Equipment

Many institutions stock prepackaged catheter-insertion kits containing the neces-
sary equipment. The catheter should have the appropriate lumen size to deliver the 
required medications, and its length should be appropriate to reach the junction 
of the vena cava and the right atrium. Approximate length can be measured against 
the patient’s external anatomical landmarks. Seven-French 20-cm catheters are the 
most commonly used. Dialysis or rapid fluid resuscitation requires larger-bore 
catheters. Each additional lumen decreases the size of the individual lumens, which 
will decrease the maximal rate at which fluids can be administered. The catheter 
should be flushed, and compatibility between the guide wire and the needle should 
be confirmed.

Preparation

Explain the procedure to the patient, and obtain written informed consent. Select the 
insertion site on the basis of the comparisons noted in Table 1. Subclavian and inter-

videos in clinical medicine
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Table 1. Risk of Complications Associated with Internal Jugular, Subclavian, and Femoral Central Venous Catheterization.

Complication Risk of Complication at Catheterization Site*

Internal Jugular Vein Subclavian Vein Femoral Vein

Pneumothorax (%) <0.1 to 0.2 1.5 to 3.1 NA

Hemothorax (%) NA 0.4 to 0.6 NA

Infection (rate per 1000 catheter-days) 8.6 4 15.3

Thrombosis (rate per 1000 catheter-days) 1.2 to 3 0 to 13 8 to 34

Arterial puncture (%) 3 0.5 6.25

Malposition Low risk (into inferior vena cava, 
passing through right atrium)

High risk (crossing to contralateral subcla-
vian vein, ascending internal jugular vein)

Low risk (lumbar  
venous plexus)

* NA denotes not applicable.
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nal jugular sites are generally preferred because they present a lower risk of infec-
tion and fewer mechanical complications.1 If the patient has challenging anatomy, 
a scar at the insertion site, or any other indication that could result in a difficult 
insertion, an expert operator should be in attendance.

Anatomical landmarks for the central approach to internal jugular venous cath-
eterization begin at the apex of the triangle formed by the heads of the sterno-
cleidomastoid muscle and the clavicle. A confluence between the internal jugular 
vein and the brachiocephalic vein facilitates cannulation at this location. After 
identifying the landmarks, sterilize the area with chlorhexidine, using a circular 
motion from the center outward, and then apply a sterile drape.

Administer local anesthesia, using 1 to 2 ml of 1% lidocaine or equivalent, with 
a 25-gauge needle at the cannulation site. To avoid air embolism, place the patient 
with head down, in the Trendelenburg position. The head should be rotated 45 
degrees away from the site of cannulation; avoid excessive rotation of the head, 
which can cause collapse of the vein. During the procedure, place the index finger 
of your nondominant hand on the patient’s carotid artery to diminish the risk of 
inadvertent puncture of the artery.

Ultrasound Guidance
In numerous studies, ultrasound guidance has been shown to increase the success 
of first-time catheter placement and to decrease the risk of complications.2 When 
using ultrasound guidance, enlist an assistant either to handle the probe or to remove 
it when it is no longer needed.

The vein and artery appear circular and black on the ultrasound image; the vein 
is much more compressible when gentle pressure is applied to the skin via the probe. 
The needle appears echogenic and can be followed into the image of the vein on 
ultrasound. Newer commercial kits include needles that are more echogenic.

The Procedure

Starting just lateral to the carotid pulse, insert an 18-gauge needle slightly superior 
to the apex of the triangle. The needle is maintained at an angle of 20 degrees above 
the coronal plane as it is advanced past the apex of the triangle, with the longitudi-
nal axis in the direction of the ipsilateral nipple. The vein is generally encountered 
approximately 0.5 in. (1.3 cm) under the skin,1 though this can vary, depending on 
regional adiposity.

After venous access is obtained, hold the needle carefully as you disconnect the 
syringe. The J-shaped end of the guide wire is introduced into the needle and 
advanced. The wire should thread easily, without resistance, well beyond the end of 
the needle. If cardiac rhythm changes are noted, pull the wire back until the rhythm 
normalizes. Then remove the needle, leaving the wire in place. Carefully maintain 
control of the wire, and make a 1-to-2-mm incision at the site of skin puncture. 
Advance the dilator over the guide wire. Once the tract is dilated, remove the dilator 
and thread the catheter over the wire and into the vessel. Then remove the guide 
wire, confirm blood return, and apply a sterile dressing.

Complications

Risks associated with central venous catheterization include infectious, mechanical, 
and thrombotic complications. A chest radiograph should be obtained to confirm 
placement and to assess for complications.

Catheter infections occur by means of one of three mechanisms: local insertion-
site infection, which travels down the catheter externally; or hub colonization fol-
lowed by infection via the intralumenal route or via hematogenous seeding of the 
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catheter.1 The Institute for Healthcare Improvement recommends five steps to re-
duce central-line infections: hand hygiene, adherence to maximal barrier precautions, 
chlorhexidine skin antisepsis, selection of an optimal catheter site, and daily review 
of the necessity of the catheter, with prompt removal when the catheter is no 
longer needed.3 Implementation of these steps has been conclusively shown to de-
crease the rate of catheter-related bloodstream infection.4 Scheduled changing of 
a catheter over a guide wire or moving a catheter to a new site can increase me-
chanical and infectious complications, and neither is recommended.1 Antiseptic-
containing hubs and antimicrobial-impregnated catheters have been shown to de-
crease the rate of catheter-related bloodstream infections.1 Topical antibiotic 
ointments are ineffective, promote antibiotic-resistant bacteria, and increase fungal 
colonization.

Mechanical Complications
Mechanical complications include arterial puncture, hematoma, pneumothorax, he-
mothorax, arrhythmia, and improper location of the catheter, whether in an acces-
sory vein or in the other vessels of the upper vascular system. Insertion of a catheter 
into the femoral vein, not shown in this video, has the highest risk of mechanical 
complications, but the rates of serious mechanical complications for femoral and 
subclavian insertion are similar.5 If an artery is punctured, further attempts at that 
site should be abandoned, and access to an alternative site should be attempted. 
Internal jugular and subclavian cannulation sites are preferred because of their 
lower overall rate of mechanical complications. However, these sites carry a small 
risk of hemothorax and pneumothorax.1 Ultrasound guidance for internal jugular 
cannulation significantly reduces the number of attempts required and the risk of 
complications.2

Thrombotic Complications
Central venous cannulation increases the risk of central venous thrombosis, with 
the concomitant potential risk of venous thromboembolism. Thrombosis may occur 
as early as the first day after cannulation. The site with the lowest risk for throm-
botic complications is the subclavian vein.1,4 Prompt removal of the catheter when 
it is no longer needed decreases the risk of catheter-related thrombosis.
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Indic ations

The insertion of a femoral venous catheter may be necessary when peripheral access 
to the circulatory system is compromised and no other sites for placement of a central 
catheter are available. Such a catheter may be used to administer large fluid volumes 
or potentially irritating medicines, to provide temporary access for emergency dialy­
sis, for immediate central access during emergency resuscitation, to facilitate cardiac 
catheterization, or, in rare instances, for drawing blood, if a patient requires fre­
quent blood sampling and no other access site is available.

Con tr a indic ations

There are few absolute contraindications to placement of a central catheter, other 
than the patient’s not agreeing to the procedure. There are several relative contra­
indications. As compared with subclavian or jugular catheters, femoral catheters are 
associated with a higher risk of infection, thrombosis, and, in the absence of ultra­
sound guidance, arterial puncture.1 If a safer option exists, it should be chosen. It 
is important to note that uncooperative patients place both the operator and them­
selves at risk for injury. Evident infection at the site where the needle will enter should 
prompt the operator to seek another access site. In addition, complications are more 
likely to occur if the site is distorted by trauma or is obscured. In patients with uncor­
rected bleeding disorders, a central catheter should be placed with caution and only 
if necessary. Central catheters should not be placed by inexperienced operators who 
lack supervision.

Equipmen t

Materials required for this procedure include personal protective equipment, a bag 
of sterile saline for infusion, intravenous tubing, local anesthetic medications, a cen­
tral­catheter kit, and blood­drawing equipment. The central­catheter kit typically in­
cludes a sterile drape, skin preparation solution, sterile gauze, an introducer needle, 
a guidewire, a scalpel, a dilator, an intravenous catheter, a mechanism for securing 
the catheter to the skin, and a sterile, transparent dressing.

Pr epa r ation

Explain the procedure to the patient, and obtain written informed consent when pos­
sible. Confirm that you have the correct patient, have selected the correct anatomical 
location, and are planning the correct procedure. An assistant should be empowered 
to halt the procedure if inappropriate technique or practice occurs.
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For optimal exposure of the femoral region, externally rotate and abduct the pa­
tient’s leg away from midline. The femoral vein lies medial to the femoral artery as 
it runs distal to the inguinal ligament. Localize the vein by palpating the femoral 
artery, or use ultrasonography. Prepare the skin with chlorhexidine, and cover the 
area with a sterile drape. Use full sterile dress. Prepare the central­catheter kit, and 
flush the catheter ports with sterile saline. If you are using ultrasound localization, 
prepare the ultrasound probe for sterile use.

Anesthetize the area with long­acting anesthetic such as lidocaine with epineph­
rine or bupivicaine. Adequate analgesia will increase the patient’s comfort and the 
operator’s likelihood of successful catheter placement.

Pl acemen t of the C athe ter

After ensuring that the femoral area has been properly anesthetized, reconfirm the 
position of the femoral vein by palpating the femoral artery or visualizing it di­
rectly with ultrasonography. Insert the introducer needle at a 45­degree angle from 
the skin, directed along the course of the artery, while you pull back the plunger 
(Fig. 1). To prevent femoral­artery cannulation, maintain palpation of the artery while 
you advance the needle.

Once you see a flash of blood, carefully anchor the needle to avoid dislodging it 
from an intraluminal location (Fig. 2). Detach the syringe and thread the guidewire 
through the needle. It should pass easily and without resistance into the lumen of the 
vessel. While maintaining your grasp of the wire, remove the introducer needle. Incise 
the skin at the wire­entry site with a scalpel, keeping the sharp edge away from the 
wire. Advance the dilator over the wire to make a tract through the tissues into the 
vessel (Fig. 3). Larger catheters may have dilators that fit inside them and must be 
advanced together with the catheter. Unless that is the case, remove the dilator and 
thread the catheter over the wire. Before advancing the catheter past the skin, firmly 
grasp the guidewire protruding from the proximal end of the catheter. It is often 
necessary to feed the wire back through the catheter to accomplish this. After the 
catheter has been threaded into the vessel, remove the wire. Confirm the intravenous 
location of the catheter, flush sterile saline through each port, and secure the cath­
eter with sutures or staples. Place a sterile dressing over the site before removing the 
drapes. Place all sharp and soiled materials in an appropriate receptacle.

Ultrasound Guidance

Several studies have shown that using ultrasonography to assist in central­catheter 
placement increases success and reduces complications.2,3 Choose a linear probe rather 
than a curved probe for femoral catheter placement. Linear probes emit high­fre­
quency waves that are optimal for viewing superficial structures, such as the femoral 
vessels. Position yourself toward the patient’s feet, and place the ultrasound monitor 
in front of you. Orient the probe so that the patient’s right is on the right side of the 
screen. Place the probe in a sterile sheath with coupling gel inside. Sterile gel can be 
applied to the outside of the protective covering. Placing the patient in a reverse Tren­
delenberg position engorges the femoral vein and may aid in visualization. Ultra­
sound imaging renders vessel walls brighter than their lumens, which are filled with 
blood. The femoral vein is collapsible as compared with the artery. Use of the Dop­
pler function of the ultrasound machine may help distinguish pulsatile (arterial) from 
more continuous (venous) blood flow. Position the vein in the center of the screen, 
and insert the needle at the center of the probe (Fig. 4). After the ultrasound images 
indicate that the needle is in an appropriate position for entering the vein, you will 
also note the intravenous location by observing a flash of blood into the syringe.

Figure 1. Inserting the Introducer 
Needle.

Figure 2. Anchoring the Needle.

Figure 3. Advancing the Dilator  
to Make a Tract.

Figure 4. Inserting the Needle  
at the Center of the Probe.

videos in clinical medicine

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at NSW HEALTH AND HEALTH TECHNOLOGY on June 26, 2008 . 



n engl j med 358;26 www.nejm.org june 26, 2008

Compl ic ations

Potential complications include infection, thromboembolism, arterial puncture, and 
hematoma. It is important to be aware of these possible problems and to keep them 
in mind as you monitor the patient. Less common complications include arteriove­
nous fistula and pseudoaneurysm. Most of these complications can be prevented by 
following proper sterile technique, using ultrasonography for placing the catheter, 
limiting the number of attempts at placing the catheter, and removing it as soon as 
possible.

If the femoral artery has been punctured, apply pressure to the site for at least 
10 minutes. Small hematomas may be managed conservatively, but continuing hem­
orrhage may require surgical intervention.

Dr. Collins reports receiving lecture fees from General Electric Ultrasound. No other potential conflict of 
interest relevant to this article was reported.
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Indications

Insertion of a chest tube is indicated in either emergency or nonemergency situa-
tions. Specific indications are listed in Table 1.1-3

Contraindications

Published guidelines state that there are no absolute contraindications for drainage 
by means of a chest tube1 except when a lung is completely adherent to the chest 
wall throughout the hemithorax.2 Relative contraindications include a risk of bleed-
ing in patients taking anticoagulant medication or in patients with a predisposition 
to bleeding or abnormal clotting profiles. Whenever possible, coagulopathies and 
platelet defects should be corrected with the infusion of blood products, such as 
fresh frozen plasma and platelets.

Equipment

Most hospitals have presterilized, packaged chest-tube–insertion trays. The key com-
ponents of the tray are a scalpel with size 11 blade; several dissecting instruments, 
such as curved Kelly clamps or artery forceps; a 10-ml syringe and a 20-ml syringe; 
one small-gauge needle (size 25) and one larger-gauge needle for deeper anesthetic 
infiltration (size 18–21); a needle driver; scissors; one packet of strong, nonabsorb-
able, curved sutures of size 1.0 or larger, made from silk or nylon4; and a chest tube 
of appropriate size (see below). A commercially available pleural drainage system, 
such as the Pleur-evac (Teleflex Medical), should also be ready for connection after 
the chest tube is inserted.

Table 1. Indications for Chest-Tube Insertion.  

Emergency
Pneumothorax

In all patients on mechanical ventilation
When pneumothorax is large
In a clinically unstable patient
For tension pneumothorax after needle decompression
When pneumothorax is recurrent or persistent
When pneumothorax is secondary to chest trauma
When pneumothorax is iatrogenic, if large and clinically significant

Hemopneumothorax
Esophageal rupture with gastric leak into pleural space

Nonemergency
Malignant pleural effusion
Treatment with sclerosing agents or pleurodesis
Recurrent pleural effusion
Parapneumonic effusion or empyema
Chylothorax
Postoperative care (e.g., after coronary bypass, thoracotomy, or lobectomy)
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Grasp the proximal free end of the chest tube with a clamp or forceps. Using an-
other clamp or forceps, grasp the distal tip of the tube to prepare it for insertion.4

Chest-Tube Size

The size of the chest tube that is needed depends on the indication for the insertion 
of a chest tube. Table 2 provides a summary of size recommendations based on 
indication.5-11

Preparation

If time permits, explain the procedure to the patient or next of kin and obtain written 
consent; this may not be possible when the need for chest-tube insertion is urgent.

Position the patient in either a supine or a semirecumbent position. Maximally 
abduct the ipsilateral arm or place it behind the patient’s head. The area for inser-
tion is approximated by the fourth to fifth intercostal space in the anterior axillary 
line at the horizontal level of the nipple. This area corresponds to the anterior 
border of the latissimus dorsi, the lateral border of the pectoralis major muscle, 
the apex just below the axilla, and a line above the horizontal level of the nipple–
often referred to as the “triangle of safety.”2 You can isolate this area by palpating 
the ipsilateral clavicle, then working downward along the ribcage, counting down 
the rib spaces. Once the fourth to fifth intercostal space is felt, move your hand 
laterally toward the anterior axillary line (Fig. 1). This is the area for incision; the 
actual insertion site should be one intercostal space above the chest-tube incision 
site. Mark the spot for incision on the skin with a pen or the back of a needle.

Use full barrier precautions (wash your hands and wear a sterile gown and 
gloves, protective eyewear, and a face mask). Create a large, sterile field on the pa-
tient’s skin, using sterile gauze and 2% chlorhexidine solution. Drape the patient, 
exposing only the marked area. Using a 1% or 2% lidocaine solution and a 25-gauge 
needle, create a wheal of anesthetic in the cutaneous tissue at the marked spot. Draw 
up more lidocaine solution in a 20-ml syringe. Using a 21-gauge needle, anesthetize 
the deeper subcutaneous tissues and intercostal muscles. Locate the rib lying be-
low the intercostal space where the tube will be inserted, and continue to anes-
thetize the periosteal surface. Ten to 20 ml of lidocaine solution may be used to 
ensure optimal analgesia.1 While anesthetizing the rib, find the superior aspect 
of the rib and use this to bevel or “march” the needle on top of it. Using continued 
negative suction as the needle advances, with the needle beveled on top of the rib, 
confirm entry into the pleural space when a flash of pleural fluid enters the cham-
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Figure 1. Locating Landmarks.

Table 2. Sizing of Chest Tubes on the Basis of Indication.

Indication for Chest Tube Recommended Size of Chest Tube

Pneumothorax

Large pneumothorax in patient in stable condition 16­French to 22­French
14­French or smaller (insert by Seldinger method)*

Large pneumothorax in patient in unstable condition
Patient receiving mechanical ventilation
Secondary pneumothorax

24­French to 28­French

Pleural collections

Malignant pleural effusion
Transudative effusion

Consider smaller­bore, 8­French to 16­French first*
If ineffective, try larger­bore (22­French or larger)

Parapneumonic effusion
Empyema

No firm recommendations
20­French or larger may be tried

* The Seldinger method of chest­tube insertion is performed with the use of 14­French or smaller chest drains usually under ultrasound guid­
ance either at the bedside or in a radiology suite. This method is not covered in this review.
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ber of the syringe. If a pneumothorax is being evacuated, the syringe may only fill 
with air. Stop advancing the needle and inject any remaining lidocaine to fully 
anesthetize the parietal pleura. Withdraw the needle and syringe completely.

Incision and Dissection

An incision 1.5 to 2.0 cm in length should be made parallel to the rib. Use the 
Kelly clamp or artery forceps to cut through the subcutaneous layers and intercos-
tal muscles (Fig. 2). The path should traverse diagonally up toward the next supe-
rior intercostal space. Once you have dissected through the subcutaneous tissues, 
find the surface of the rib lying below this space with the dissecting instrument. 
Then slide the instrument straight up, until you find the top edge of the rib. Use 
this to bevel or balance the dissecting instrument as you dissect the intercostal mus-
cles (Fig. 3). Once you reach the parietal pleura, gently push the dissecting instru-
ment through it. You may also digitally penetrate the pleura to avoid puncturing 
adjacent lung tissue,3,4 using your index finger to explore the tract. Once your fin-
ger enters the pleura, withdraw the Kelly clamp. Use your finger to palpate within 
the pleural layer and ensure that the lung falls away from the pleura.1 If it does 
not, this may indicate the presence of an adhesion, so tube insertion may be dif-
ficult. (Trocar insertion, considered dangerous, is no longer advised.4)

Tube Insertion

Once the distal tip of the tube has passed through the incision, unclamp the Kelly 
clamps or forceps and advance the tube manually. Aim the tube apically for evacu-
ation of a pneumothorax and basally for evacuation of any fluid.1-3

Securing the Tube

Mattress or interrupted sutures should be used on both sides of the incision to close 
the ends. Use the loose ends of the sutures to wrap around the tube and tie them 
off, anchoring the tube to the chest wall.1 Tape the tube to the side of the patient 
and wrap a petroleum-based gauze dressing around the tube. Cover this gauze with 
several pieces of regular sterile gauze, and secure the site with multiple pressure 
dressings.

Purse-string sutures are not recommended owing to poor cosmetic results and 
increased risk of skin necrosis; the seal they provide does not prevent air leaks.3

Connect the distal end of the chest tube to a sterile pleural drainage system, 
such as the commercially available Pleur-evac. Once the tube is connected, un-
clamp the distal end; if there is a pneumothorax, bubbling may be seen. If there 
is a large pleural effusion, it will begin collecting. Do not reclamp the chest tube, 
once released, unless the pleural drainage system is being changed. Reclamping the 
tube may lead to the redevelopment of a pneumothorax and may create a tension 
pneumothorax.

Chest Radiograph Confirmation

Once you have secured the chest tube, obtain an anterior-posterior chest radio-
graph to confirm placement, which can be done by identifying the radio-opaque 
line along the tube. If the proximal drainage hole is outside the pleural space, 
drainage may be ineffective and an air leak may result. In this circumstance, the 
tube should be removed and a new chest tube inserted.

Complications

The most important complications associated with chest-tube insertion1-3,9 include 
bleeding and hemothorax due to intercostal artery perforation, perforation of vis-
ceral organs (lung, heart, diaphragm, or intraabdominal organs), perforation of ma-
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Figure 2. Dissection.

Figure 3. Positioning the Dissection 
Instrument.
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jor vascular structures such as the aorta or subclavian vessels, intercostal neuralgia 
due to trauma of neurovascular bundles, subcutaneous emphysema, reexpansion pul-
monary edema, infection of the drainage site, pneumonia, and empyema. There may 
be technical problems such as intermittent tube blockage from clotted blood, pus, 
or debris, or incorrect positioning of the tube, which causes ineffective drainage.

Timing of Chest-Tube Removal

The timing of chest-tube removal depends on the indication for insertion of the 
chest tube.

For a pneumothorax, bubbling must have ceased and the lung must be fully 
expanded on chest radiograph before the tube can be removed. If suction is being 
used to evacuate a pneumothorax, most physicians will use a trial of underwater 
seal to ensure that the lung stays expanded without suction. Practice differs great-
ly among physicians with regard to duration of observation after air leak cessation 
and before removal of the tube and whether or not to clamp the tube before re-
moval to rule out a persistent air leak.11 On the basis of available data, most phy-
sicians would obtain a chest radiograph 12 to 24 hours after the last observed 
evidence of an air leak to ensure that the lung stays fully expanded before tube 
removal. Because opinion and practice are clearly divided on the need for clamping 
the drain before tube removal, no strong recommendation can be made here.

If placement was for any pleural fluid drainage, once the drainage volume is less 
than 200 ml in a 24-hour period,3,5 the fluid is serous, the lung has re-expanded on 
the chest film, and the patient’s clinical status has improved, the chest tube may 
be removed.

If the patient’s condition fails to improve after chest-tube insertion, a respirolo-
gist or a thoracic surgeon should be consulted for more definitive management, 
such as fibrinolytic therapy or surgical decortication.8,9

Technique of Tube Removal

The major concern with removal of a chest tube is the risk of pneumothorax during 
removal. Again, physician practice differs with respect to the point in the respira-
tory cycle at which the tube is removed: during end-inspiration or end-expiration. 
Neither has been shown to be superior in the prevention of pneumothorax.5 When 
preparing to remove the tube, two people may need to participate so that one can in-
struct the spontaneously breathing patient and pull the tube while the other can quick-
ly occlude the insertion site. Cut the skin sutures, using sterile technique. Have 
additional strong nylon or silk sutures ready in case additional sutures are required 
to seal the hole. Sterile petroleum-based and regular gauze should also be ready.

Instruct the spontaneously breathing patient to perform a forced Valsalva maneu-
ver or to inhale to total lung capacity after a full exhalation. If the patient is being 
fully mechanically ventilated, removal should be timed to end-expiration. One op-
erator can pull the tube out while the other quickly occludes the site with gauze, 
adds additional sutures to close the opening, and secures the site with a pressure 
dressing. A chest radiograph 12 to 24 hours after removal is recommended1,3; this 
should be done sooner if there is clinical suspicion of a residual air leak or a new 
pneumothorax.

Caution must be exercised when removing a chest tube from any patient receiv-
ing mechanical ventilation. This is of particular importance for patients with high 
oxygen or positive end-expiratory pressure requirements, chronic lung disease, or 
any additional reasons for persistent air leaks or recurrent pneumothoraces. In 
these cases, highly experienced physicians should supervise the decision to re-
move a chest tube.

No potential conflict of interest relevant to this article was reported.
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INDICATIONS

Orotracheal intubation is indicated in any situation that requires definitive control 
of the airway. Orotracheal intubation is commonly performed to facilitate control 
of the airway in a patient undergoing general anesthesia. It is also performed as 
part of the care of critically ill patients with multisystem disease or injuries. Emer-
gency indications include cardiac or respiratory arrest, failure to protect the airway 
from aspiration, inadequate oxygenation or ventilation, and existing or anticipated 
airway obstruction.

CONTRAINDICATIONS

In urgent situations or emergencies, such as when a patient is in cardiac arrest, 
airway management is of paramount importance, and there are very few contra-
indications to orotracheal intubation. Orotracheal intubation by direct laryngos-
copy is somewhat contraindicated in a patient with partial transection of the trachea, 
because the procedure can cause complete tracheal transection and loss of the air-
way. In these cases, surgical airway management may be necessary. Unstable cervical 
spine injury is not a contraindication, but strict, in-line stabilization of the cervical 
spine must be maintained during intubation. An assistant should stand at the side 
of the bed and hold the patient’s head, neck, and shoulders in an anatomically 
neutral position. The anterior portion of the cervical collar is opened or removed to 
permit the patient’s mouth to be fully opened.

When immediate intubation is not required, the difficulty of intubation should 
first be assessed. This assessment is discussed in detail in the Preparation section, 
under Sedation and Paralysis.

EQUIPMENT

You will need the following equipment: gloves, a protective face shield, a working 
suction system, a bag-valve mask attached to an oxygen source, an endotracheal tube 
with stylet, a 10-ml syringe, an endotracheal-tube holder (cloth tape may be used if 
a tube holder is not available), an end-tidal carbon dioxide detector, a stethoscope, 
and laryngoscopes with appropriate blades. The two main types of laryngoscope 
blades are the Macintosh blade, which is curved, and the Miller blade, which is 
straight. Each is available in various sizes, and each requires a slightly different 
technique. The choice of blade depends on the operator’s experience and personal 
preference. A size 3 or 4 Macintosh blade or size 2 or 3 Miller blade can be used in 
most adult patients.

Endotracheal tubes are sized according to the internal diameter of the tube; 
7.0-, 7.5-, or 8.0-mm tubes are appropriate for most adults.1-3 The appropriate tube 
size for use in children can be determined by adding 4 to the patient’s age in years 
and then dividing by 4 ([age in years + 4] ÷ 4 = tube size), by matching the external 
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Figure 1. In-line stabilization of the 
cervical spine
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diameter of the tube to the width of the patient’s little fingernail, or by using a 
system based on the child’s height or length (such as the Broslow–Luten resuscitation 
tape).1

Tubes can be cuffed or uncuffed. Cuffed tubes are appropriate for adults and 
older children. Uncuffed tubes are used for younger patients (those requiring a 
tube smaller than 5.5 mm).1,2 After inserting a cuffed tube, you must inflate the 
balloon on the distal end to create a seal between the tube and the tracheal lumen. 
This seal will prevent leakage of air and aspiration of gastric contents.

PREPARATION

Before proceeding, be sure that all equipment is readily accessible and functioning, 
that personnel are properly prepared, and that written informed consent has been 
obtained from the patient or the patient’s health care proxy if the clinical situation 
permits. Inflate the cuff of the endotracheal tube to check for leaks. Insert the 
stylet into the endotracheal tube, maintaining the tube’s natural curve. Make sure 
the tip of the stylet does not extend beyond the end of the tube. If necessary, the stylet 
can be used to reshape the endotracheal tube, as in the “hockey stick” maneuver, to 
facilitate intubation of an anterior larynx. Ensure that the suction catheter is secure 
and within easy reach. Obtain intravenous access, and place the patient on a monitor 
if time and conditions permit. Assign an assistant to watch the monitor during the 
procedure and to report any changes.

Adjust the height of the bed so that the patient’s head is level with the lower 
portion of your sternum. Unless there are contraindications, move the patient into 
the “sniffing” position by placing a pillow or folded towel under the patient’s occiput. 
This combination of flexion of the neck and extension of the head improves the 
alignment of the axes of the oral cavity, pharynx, and larynx, facilitating optimal 
visualization of the vocal cords.1,3 When intubating an infant, you typically do not 
need to provide additional head support, because the infant’s large occiput natu-
rally causes the head to assume the sniffing position.

If the clinical situation allows, preoxygenate the patient with a non-rebreather 
mask or by having the patient breathe 100% oxygen through a bag-valve mask for 
at least 3 minutes before intubation.3 Preoxygenation replaces the primarily nitrog-
enous mixture of ambient air, which constitutes the patient’s functional residual 
capacity, with oxygen. This increases the interval before desaturation in a patient 
who is hypoventilating or apneic. This preliminary step is essential to minimize 
the need for positive-pressure ventilation during intubation, thus reducing the risk 
of aspiration of gastric contents.3

Remove the patient’s upper and lower dentures, if present, immediately before 
laryngoscopy. Re-insert the patient’s dentures to improve the mask seal if bag-
valve–mask ventilation is required.

If the patient’s mental status is diminished or if the patient is pharmacologi-
cally sedated, an assistant should apply firm pressure to the cricoid cartilage. This 
maneuver (the Sellick maneuver) compresses the soft-walled esophagus between 
the cricoid cartilage and the cervical vertebrae, theoretically preventing passive 
regurgitation of gastric contents.2 If the airway becomes distorted, releasing cricoid 
pressure may improve visualization of the glottis.

Sedation and Paralysis
In many cases, a neuromuscular-blocking agent and a potent sedative are needed to 
facilitate intubation. These agents will improve your visualization of the vocal cords 
and prevent the patient from vomiting and aspirating gastric contents.3 If you plan 
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Figure 2. The “sniffing” position
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to use such agents, you must assess the difficulty of intubation before proceeding.3 
You can generally predict that intubation will be difficult if the patient has a history 
of difficult intubation, limited neck mobility, a small mandible, pharyngeal struc-
tures that are poorly visible through the open mouth with tongue extruded, a limited 
ability to open his or her mouth, or a laryngeal prominence that is close to the 
mentum.1,3 Anatomical distortion (such as by tumors, trauma, or infection), edema, 
or obstruction of the airway may also lead to difficult orotracheal intubation. When 
faced with a potentially difficult intubation, you should make contingency plans, 
including preparation for an alternative intubation technique, such as using a gum-
elastic bougie, a laryngeal mask airway, a fiberoptic intubating bronchoscope, or a 
surgical technique.

The Procedure

Position your body so that your eyes are far enough from the patient to facilitate 
binocular vision. While holding the laryngoscope in your left hand, open the pa-
tient’s mouth with your right hand. Insert the laryngoscope blade to the right of the 
patient’s tongue. Gradually move the blade to the center of the mouth, pushing the 
tongue to the left. Slowly advance the blade and locate the epiglottis. Ideal placement 
of the laryngoscope blade depends on whether a curved or a straight blade is used. 
If you are using a curved blade, place the tip into the vallecula epiglottica, which is 
between the base of the tongue and the epiglottis. If you are using a straight blade, 
place the tip of the blade posterior to the epiglottis.

With the tip of the blade correctly positioned, lift the laryngoscope upward and 
forward at a 45-degree angle to expose the vocal cords. Direct the force of your 
lifting action along the axis of the laryngoscope’s handle, in the direction of the 
ceiling, over the patient’s feet. Avoid bending your wrist or rocking the blade against 
the patient’s teeth, since this can result in dental or soft-tissue injury (and will not 
enhance the view of the glottis).

While holding the endotracheal tube in your right hand and maintaining your 
view of the vocal cords, insert the endotracheal tube into the right side of the 
patient’s mouth. The tube should not obstruct your view of the vocal cords during 
this critical part of the procedure. Pass the tube through the vocal cords until the 
balloon disappears into the trachea.

Remove the stylet, and advance the tube until the balloon is 3 to 4 cm beyond 
the vocal cords. Inflate the endotracheal balloon with air to the minimum pressure 
required to prevent air leakage during tidal-volume ventilation with a bag. This 
usually requires less than 10 ml of air. Have an assistant maintain cricoid pressure 
until you have confirmed that the tube is in the trachea.

Troubleshooting
If you cannot see the vocal cords or epiglottis after positioning the laryngoscope 
blade, you have probably inserted the blade too far or have not placed the blade 
precisely in the midline. Withdrawing the blade gradually in the midline will often 
allow the epiglottis or larynx to drop into view. Manipulating the larynx with your 
right hand or having an assistant apply firm backward, upward, and rightward pres-
sure (the so-called BURP maneuver) to the larynx can also facilitate visualization of 
the vocal cords.2 An assistant can gently pull the right side of the patient’s lip and 
cheek to enhance visibility of the glottis. If you still cannot see the cords clearly, an 
assistant should gently release the cricoid pressure, since this compression can some-
times compromise the view. You should always achieve the best possible view of the 
vocal cords before attempting to insert the endotracheal tube.

A

B

Figure 3. Proper placement of the 
curved (Panel A) and straight  
(Panel B) laryngoscope blades

Figure 4. Proper orientation of the lift-
ing action
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Confirmation
The end of the endotracheal tube should lie in the mid-trachea, 3 to 7 cm above the 
carina. A good general rule is to align the 22-cm marking on the tube with the front 
teeth of an average-sized adult.2 For children, you can use the following formula to 
estimate the proper depth of tube insertion1: tube depth (in centimeters) = [(child’s age 
in years) ÷ 2] + 12. Place the end-tidal carbon dioxide detector onto the endotracheal 
tube and attach the ventilation bag, administering a few tidal-volume breaths. Proper 
tube placement cannot be confirmed solely on the basis of a physical examination 
or by a finding of fogging of the tube. Other techniques must be used to confirm 
this most critical aspect of management. Carbon dioxide will be reliably and con-
sistently detected within the first six breaths after orotracheal intubation and with 
each exhalation thereafter.4 In some patients in cardiac arrest, gas exchange does 
not occur. Thus, carbon dioxide may not be present, even when the tube is in the 
trachea.4 In such cases, you may use a self-inflating bulb (esophageal-detector device) 
or a fiberoptic endoscope to visualize the tracheal rings.

Perform a secondary assessment to confirm proper esophageal-tube placement 
by auscultating over the stomach during positive-pressure ventilation. Auscultate 
both lungs in the midaxillary line to confirm that there is equal, bilateral air move-
ment. If breath sounds are diminished on the left side after intubation, the right 
main bronchus has probably been intubated. Gradually withdraw the endotracheal 
tube until symmetrical (i.e., bilateral) breath sounds are auscultated.

Use chest radiography to assess the patient’s pulmonary status after intubation 
and to ensure that the tip of the radio-opaque line embedded in the endotracheal 
tube is positioned at the level of the mid-trachea and not in either main bronchus. 
Radiography is not a reliable means of detecting esophageal intubation.

Securing the Tube
Secure the endotracheal tube to the patient’s head once you have confirmed that the 
tube is in the proper position. You should use an endotracheal-tube holder to secure 
the tube, because this device helps prevent accidental displacement.1,2 If such a device 
is not available, you may use adhesive tape or cloth endotracheal-tube tape. Pharma-
cologic sedation and hand restraints may be used to prevent the patient from inad-
vertently removing the tube.

COMPLICATIONS

The most serious complication of endotracheal intubation is unrecognized esopha-
geal intubation, which may lead to hypoxemia, hypercapnia, and death. Laryngoscopy 
can provoke vomiting and aspiration of gastric contents, causing pneumonitis or 
pneumonia. Additional complications include bradycardia, laryngospasm, broncho-
spasm, and apnea owing to pharyngeal stimulation. Trauma to teeth, lips, and vocal 
cords and exacerbation of cervical spine injuries can also occur.

The new england journal of medicine
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CORRECTION

Orotracheal Intubation

Orotracheal Intubation . In the PDF summary of the video, the third

sentence under `̀ Confirmation´́ should have read, `̀ For children, you

can use the following formula to estimate the proper depth of tube

insertion1: tube depth (in centimeters)=[(child’s age in years)÷2]+12,´́

rather than `̀ tube depth=[(child’s age in years)+2]÷12.´́ The text has

been corrected on the Journal ’s Web site at www.nejm.org.
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Indic ations

Cricothyroidotomy is an emergency procedure performed on patients with severe 
respiratory distress in whom attempts at orotracheal or nasotracheal intubation either 
have failed or were deemed to have an unacceptable level of risk. The procedure in-
volves making an incision in the cricothyroid membrane, which lies between the 
thyroid and cricoid cartilages, and inserting a tracheostomy tube into the trachea 
to allow ventilation.

The major indication for cricothyroidotomy is the inability to establish an airway 
through orotracheal or nasotracheal intubation, which may be due to difficult pa-
tient anatomy, excessive blood in the mouth or nose, massive facial trauma, or air-
way obstruction resulting from angioedema, trauma, burns, or a foreign body ob-
structing the airway.

The rate of failed emergency department intubations and subsequent surgical 
airway management is lower than 0.6%.1 In the emergency department, cricothy-
roidotomy has been used for 1.0 to 2.8% of all intubation attempts in patients with 
trauma.2-4 Whenever possible, cricothyroidotomy should be performed by physicians 
fully trained and skilled in carrying out the procedure, such as emergency physi-
cians, surgeons, and intensivists.

A tracheostomy tube placed during a cricothyroidotomy performed under emer-
gency conditions can be left in place for up to 72 hours. Because of the potential 
complications of cricothyroidotomy, including subglottic stenosis and damage to 
the thyroid and cricoid cartilages, a cricothyroidotomy should be converted to a tra-
cheostomy if airway access is needed for more than 72 hours.5 Although tracheos-
tomy is preferred for long-term management, it should be performed in the con-
trolled setting of the operating room. In urgent situations, cricothyroidotomy should 
be performed.

Surgical cricothyroidotomy involves inserting a tracheostomy tube into the tra-
chea through an incision in the cricothyroid membrane. In needle cricothyroidoto-
my, a catheter is placed over a needle that penetrates the membrane, allowing ven-
tilation by a pressurized stream of oxygen. Because the catheter has a smaller 
diameter, it is less effective in providing adequate ventilation and should be used 
only as a temporizing measure while preparation is made for surgical cricothyroid-
otomy or tracheostomy. Needle cricothyroidotomy is the preferred method of estab-
lishing an emergency airway in children younger than 10 to 12 years, since the larynx 
is more easily damaged by surgical cricothyroidotomy in this age group, with a 
higher incidence of postoperative airway complications.6

Con tr a indic ations

Cricothyroidotomy should not be performed when there is massive trauma to the lar-
ynx or cricoid cartilage. When orotracheal and nasotracheal intubation are viable 
options, they should be attempted before cricothyroidotomy is considered.
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Pr epa r ation

Since cricothyroidotomy is an emergency procedure, there may not be time to ob-
tain informed consent, and the patient may not be able to provide consent. The 
procedure should be performed in emergency situations even in the absence of 
informed consent.

For sterilization and local anesthesia, the following are needed: gloves, a protec-
tive gown, a face shield, chlorhexidine or povidone iodine (Betadine, Purdue Pharma), 
gauze pads, 1% or 2% lidocaine with epinephrine, and a 6-ml syringe with a 25-
gauge needle. To perform the procedure, the following are needed: a tracheostomy 
tube, a scalpel with a number 10 or 11 blade, a curved hemostat, a Trousseau dilator, 
a tracheal hook, a 10-ml syringe, and suture or tying material. A bag-valve device 
and an oxygen source should be available to ventilate the patient once the procedure 
has been performed.

A tracheostomy tube with an internal diameter of 6 mm should be used. A tube 
with an internal diameter larger than 7 mm would be difficult to insert into the 
cricothyroid membrane.

The tracheostomy tube comprises three parts (Fig. 1). The outer cannula has a 
neck plate extending from the sides that allows the tube to be secured to the neck 
with sutures or a cloth tie. The inner cannula has an adaptor at the end that at-
taches to a bag-valve device or mechanical ventilator. The obturator provides a smooth 
surface to guide insertion of the tube (Fig. 1).

A 6-mm endotracheal tube can be used as an alternative to the tracheostomy tube, 
but this option is much less preferable because an endotracheal tube is more dif-
ficult to secure to the patient’s neck. Endotracheal tube holders or other devices 
may be used to help secure an endotracheal tube to the neck. Another advantage 
of the tracheostomy tube is that it is shorter than an endotracheal tube and there-
fore easier to suction.7

Pro cedur e

Place the patient in the supine position. Since this procedure is performed in extreme-
ly urgent circumstances, there is usually not time to drape the patient. Chlorhexidine 
or povidone iodine should be applied if time permits. If the patient is awake, ad-
minister local anesthesia.

Directions are given for a right-handed operator. Side-specific designations should 
be reversed for left-handed operators.

To perform cricothyroidotomy, stand on the patient’s right side. Stabilize the 
larynx with your left thumb and middle finger, and use your index finger to pal-
pate the thyroid cartilage. Move your index finger down until you palpate the cricoid 
cartilage. The space between the thyroid and cricoid cartilages is the cricothyroid 
membrane. This is where you will make the incision (Fig. 2).

Use the scalpel to make a 2.5-cm vertical incision through the skin and subcu-
taneous tissue. Use the curved hemostat to make a blunt dissection in the subcu-
taneous tissue. The initial incision should be vertical for two reasons: first, a vertical 
incision will avoid injury to the recurrent laryngeal nerves, which run parallel to 
the trachea, and second, an initial incision above or below the cricothyroid mem-
brane, if vertical, will allow extension of the incision as needed. Starting with a 
horizontal incision that is too low or too high would necessitate a new incision in 
the correct location.

Next, use the scalpel to make a horizontal incision through the cricothyroid mem-
brane. You may feel a pop as you enter the trachea. Extend the incision laterally, 
turn the blade, and extend it in the opposite direction.

The new england journal of medicine
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Figure 1. Components of the Trache-
otomy Tube.

Shown from left to right are the inner 
cannula, outer cannula, and obturator.

Figure 2. Landmarks for Cricothyroid-
otomy.

The incision is made in the cricothy-
roid membrane. 
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To avoid penetrating too deeply and perforating the esophagus, which lies pos-
terior to the trachea, do not go more than 1.3 cm (1/2 inch) deep (Fig. 3). To 
minimize the risk of esophageal perforation, hold the scalpel between your thumb 
and index finger, and allow your middle finger to extend down the side of the 
scalpel, leaving the distal 1.3 cm of the blade exposed. If the patient is trying to 
breathe, once you enter the trachea, airflow should be audible and may also be 
visible.

Once the trachea has been entered, make sure the blade stays within the inci-
sion, so that communication with the trachea is never lost. Insert a tracheal hook, 
and pull upward on the distal portion of the incision, elevating the larynx. Once 
the tracheal hook is in place, you may remove the blade.

Insert a Trousseau dilator and open the membrane vertically, then insert the 
tracheostomy tube. Holding the cannula in place, remove the obturator and attach 
the adaptor. Inflate the cuff with a 10-ml syringe. Attach a bag-valve unit and ven-
tilate the patient. Look for symmetric chest rise and auscultate for symmetric breath 
sounds. Tie or suture the tracheostomy tube in place. Dispose of needles and sharps 
in an appropriate container.

If an endotracheal tube is used in place of a tracheostomy tube, make sure the 
tube is not inserted to a depth of more than 2 to 3 cm. Deeper placement of the 
tube may cause it to go down the right mainstem bronchus.

Compl ic ations

There are three major complications of cricothyroidotomy. First, esophageal perfo-
ration occurs when the blade penetrates too deeply. To prevent this, allow only the 
distal 1.3 cm of the blade to enter the trachea. Second, subcutaneous emphysema 
may occur if the horizontal incision is too wide, allowing air to become trapped in 
the subcutaneous tissue. Third, excessive bleeding or hemorrhage may occur if a 
vessel is ruptured. If minor vessels are injured, the bleeding can be controlled with 
direct pressure. If there is rupture of major vessels, such as the carotid artery or 
internal jugular vein, ligation may be required.

Pos tpro cedur a l C a r e

After the procedure, obtain a chest x-ray film to confirm placement of the trache-
ostomy tube. Call for respiratory therapy so the patient can be mechanically venti-
lated. Obtain a surgical consult so that definitive tracheostomy can be performed, 
if necessary. A tracheostomy tube placed during an emergency cricothyroidotomy 
can be left in place for up to 72 hours.

No potential conflict of interest relevant to this article was reported.
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Figure 3. Cross-Sectional View of Tra-
chea and Esophagus.
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