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Previous studies show a failure rate in the pre-

hospital environment of as high as 40%.6,7 Numerous

case reports have been published during the last years,

suggesting that the failure rate might be caused by an in-

sufficient length of the cannula used in NT.3,8–12

In a study by Britten et al.,13 the chest wall thick-

ness (CWT) was measured by ultrasound on patients

scheduled for abdominal ultrasound. Only 4% were

found to have a CWT >4.5 cm. Other studies have meas-

ured the CWT on computed tomography (CT) scans in

small convenience samples of trauma patients and found

that 25% to 33% of all patients have a CWT of >5 cm.14,15

The true CWT at the second ICS MCL is poorly

defined and may have important therapeutic implications.

OBJECTIVE

The primary objective is to analyze the average

CWT at the second ICS in the MCL in a trauma popula-

tion. The second is to evaluate the length of the needle
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ABSTRACT

Background: A tension pneumothorax requires immediate decompression using a needle thoracostomy.  Accord-

ing to advanced trauma life support guidelines this procedure is performed in the second intercostal space (ICS) in

the midclavicular line (MCL), using a 4.5cm (2-inch) catheter (5cm needle).  Previous studies have shown a failure

rate of up to 40% using this technique.  Case reports have suggested that this high failure rate could be because of

insufficient length of the needle.  Objectives: To analyze the average chest wall thickness (CWT) at the second ICS

in the MCL in a trauma population and to evaluate the length of the needle used in needle thoracostomy for emer-

gency decompression of tension pneumothoraces.  Methods: Retrospective review of major trauma admissions (In-

jury Severity Score >12) at the Foothills Medical Centre in Calgary, Canada, who underwent a computed tomography

chest scan admitted in the period from October 2001 until March 2004. Subgroup analysis on men and women, <40

years of age and >40 years of age was defined a priori. CWT was measured to the nearest 0.01cm at the second ICS

in the MCL. Results: The mean CWT in the 604 male patients and 170 female patients studied averaged 3.50cm

at the left second ICS MCL and 3.51cm on the right. The mean CWT was significantly higher for women than men

(p < 0.0001).  About 9.9% to 19.3% of the men had a CWT >4.5 cm and 24.1% to 35.4% of the women studied. Con-

clusions: A catheter length of 4.5cm may not penetrate the chest wall of a substantial amount (9.9% – 35.4%) of the

population, depending on age and gender. This study demonstrates the need for a variable needle length for relief

of a tension pneumothorax in certain population groups to improve effectiveness of needle thoracostomy.

A tension pneumothorax (TPT) is a life-threat-

ening condition that is caused by a laceration of the lung.

A flap valve effect may develop that allows air to enter

the pleural cavity during inspiration but does not permit

it to escape during expiration.1,2 A technique for emer-

gent chest decompression is needle thoracostomy (NT).

NT can be a life-saving technique that releases the pres-

sure inside the thoracic space allowing time to properly

insert a thoracostomy tube.  NT is frequently used to di-

agnose a TPT by the rush of air after insertion and con-

verts the existing TPT to a normal pneumothorax.3 In

this procedure, a large caliber needle is inserted in the

second intercostal space (ICS) in the midclavicular line

(MCL) of the affected hemithorax, as recommended by

the advanced trauma life support guidelines.4  The nee-

dle portion is removed, and the plastic sheath is left in

place.5 The largest caliber needle typically used for this

purpose is the 14-gauge 5cm needle with a sheath length

of 4.5cm (2 inch).
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used in NT for emergency decompression of tension

pneumothoraces.

METHODS

This study is a retrospective review of chest CT

scans performed on trauma patients at the Foothills Med-

ical Centre in Calgary, Canada. For this study, approval

from the Conjoint Health Research Ethics Board was

granted. The Foothills Medical Centre is the sole tertiary

trauma center serving Southern Alberta with a referral

population of approximately 1.75 million.

Radiographic records of all major trauma pa-

tients (Injury Severity Score [ISS] >12) and age >18 who

were admitted in the period from October 24, 2001 until

March 31, 2004 were reviewed to identify those who un-

derwent a CT scan of the chest. All of these CT scans

were retrieved and reviewed by the principal author. CT

scans that did not meet quality criteria of visualization

and reproduction or did not image more than half of the

clavicles were excluded. The variables measured were

age, gender, CWT, and whether the patient was scanned

with arms up (routine) or down during the examination.

All of the data were collected by review of the

CT scans on the Foothills Medical Centre PACS (Picture

Archive and Communication System) on dedicated di-

agnostic workstations (AGFA, Holland, IMPAX platform

V 4.5). Information was collected on a standard data col-

lection Excel-sheet. Demographic information was ob-

tained from the Alberta Trauma Registry.

As per the standard of practice for NT treatment

of a TPT, the CWT was measured in the MCL in the sec-

ond ICS. Accurate measurement of each patient’s right

and left CWT was calculated by the following method.

Review of the coronal scout image (an initial low dose

radiograph-like image from which the subsequent CT

scan’s field of view is planned), allowed for identification

of the middle of the clavicle. From this point on the coro-

nal scout image an accurate 3D cross-reference was made

to the axial images to subsequently identify the second

and third ribs and thus the second ICS. A precise meas-

urement of the CWT was performed using the worksta-

tion’s caliper measurement tool.

Data were analyzed by using Stata 8.0 (Stata

Corp, College Station, TX). Means, standard deviations,

and median with interquartile range (IQR) were used to

describe normally or skewed variables, respectively.

Group means were compared using the Student’s t test

and medians using the Mann-Whitney U test. Fisher’s

exact test was used for comparison of categorical data. A

power analysis was performed a priori based on the out-

come of the study of Givens et al.,14 with the result of n

>288.  Subgroup analysis on men and women, <40 years

of age and >40 years of age were defined a priori.

RESULTS

A total of 774 patients, of whom at least one side

of their chest wall was measured, were studied; 604

(78%) were men and 170 (22%) were women. The me-

dian age was 40 (IQR, 25 – 53) years. The mean ISS was

23, the median was 20.

The mean CWT of female patients was signifi-

cantly higher than that of the men as shown in Table 1.

Table 1 Mean Chest Wall Thickness (cm) in the Second

Intercostal Space Midclavicular Line
Right Left

Female 3.84 + 1.17 3.92 + 1.42

Male 3.41 + 1.04 3.37 + 0.99

p value <0.0001 <0.0001

For male patients, the CWT increased with age

(left side, 3.15 – 3.60cm and right side, 3.22 – 3.62cm, p
<0.0001).  For female patients, the chest wall became

thinner with age but the difference was not significant.

In men <40 years, approximately 10% exceeded

a CWT of 4.5cm, jumping to 19% for men >40 years.

For women <40 years, the number with a CWT greater

than 4.5cm was a third, falling to a fourth for those >40

years. Figure 1 illustrates the significant difference be-

tween the percentages of each gender in the age group

under 40, but not in the age group of >40 years.

The effect of the position of the arms during

scanning was particularly noticeable in women. Of the

female patients with their arms down 72.2% (left) and

57.1% (right) had a CWT >4.5cm versus 28.9% (left) and

23.1% (right) with their arms up (both p <0.01).  For

male patients with their arms down, these results were

18.9% (left) and 33.3% (right) versus 14.2% (left) and

13.2% (right) when they had their arms up in the scanner

(p <0.01 right, p =0.41 left).

Finally, the distance from the anterior wall to the

pericardium was measured in each patient. In 19 of 774

Figure 1. CWT 4.5cm
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patients (2.45%) a 4.5cm needle could potentially penetrate

the pericardium when passed through the second ICS

MCL. There was no significant difference for age and gen-

der but there was a non-significant tendency toward

younger women.

DISCUSSION

An NT is a potentially life-saving emergency pro-

cedure in patients with a TPT. It is a simple procedure that

allows time for a thoracostomy tube to be inserted using a

sterile technique in an adequate setting. If a TPT is not

confirmed by a rush of air upon needle placement possible

explanations are that a TPT was not present or that the nee-

dle did not reach the pleural space.16 CT images were re-

viewed to define anatomic depth at the site of NT.

To eliminate beam hardening artifact from de-

grading the images of the chest on CT, standard protocol is

to position patients in the CT scanner with their arms ele-

vated (up) whenever possible. However, in certain cir-

cumstances, such as trauma, this is not always possible.

We note in this study that the CWT increased for men and

women when their arms were left down. For female pa-

tients in the supine position with their arms positioned up,

breast tissue tends to fall outwards and to the side, result-

ing in a thinner CWT. In female patients whose arms are

left down during the CT scan, breast tissue may not be as

spread out and this may result in a significantly higher

number of female patients with a CWT >4.5cm. This is a

very important practical consideration because while most

female patients are scanned in the arms up position, most

emergent NTs are performed with the patient’s arms in

what would be the arms down position.

This study suggests that a 5cm needle with a 4.5cm

sheath may fail to decompress a pneumothorax in around

10% of the male patients under 40 years of age and around

19% of the male patients over 40 years of age. For female

patients, this risk is even higher with approximately one-

third of the women under 40 and one-fourth of the women

over 40 years of age having a CWT exceeding 4.5cm. It

also shows that men increase their CWT over the years; for

women, the effects of age on body habitus may actually re-

duce CWT at the second ICS. The number of patients

whose pneumothoraces might not be decompressed by a

4.5cm needle is potentially even higher given the effect of

arm elevation on decreasing CWT during imaging.

Givens et al.,14 in a similar study in 2004 in Texas,

reported a convenience sample of 111 patients. Twenty-

two percent of all patients had a CWT over 5cm. The au-

thors did not differentiate in this percentage between male

patients and female patients. We found in this consider-

ably larger study, a lower percentage of male patients hav-

ing a CWT over 4.5cm and a higher percentage of female

patients having a CWT over 4.5cm, even with this lower

cut-off point. The IV catheter from BD Insyte was used as

a reference. The sheath of the needle measures 2.1 X

45mm, the needle itself 50mm. An assumption was made

that a CWT of exactly 4.50cm would not be decompressed

by a 4.5cm catheter in case of a TPT.

The CWT has been measured in a trauma popula-

tion to resemble the population in which a TPT is most

likely to occur. Givens et al.14 excluded a woman with a

CWT over 10cm because of subcutaneous air; in this study

all people with subcutaneous emphysema, anterior

hematomas, or other chest wall abnormalities are included.

The patients requiring an NT are more likely to be found

in this group.

This study demonstrated that in 2.5% of all trauma

patients, a 4.5cm needle used for NT could puncture the

heart at the second ICS MCL. This is a potential concern

on the left side; interestingly, in one patient it was the case

on the right side because of a mediastinal shift.

LIMITATIONS

Although CT may be the most suitable, accurate,

and reproducible tool to measure the CWT, there are some

limitations with this method, especially in a retrospective

review.

The accuracy of where to take the measurement of

CWT is critical, as a small error 1cm to either side of the

MCL could make a significant difference in the measured

CWT because of the acute degree of slope high in the chest

cavity at the second ICS in some patients. In addition,

when patients in a cervical spine collar are positioned in

the CT scanner with their arms up, their subcutaneous soft

tissues can be distorted and compressed against the collar.

This creates abnormal skin folds that can spuriously in-

crease the measured CWT.

These anatomic and practical limitations could

challenge the reproducibility of this studies findings. How-

ever, we think that the large sample size makes up for these

limitations. Since only one investigator measured all the

CT scans with the cut-off point in mind, this could have

lead to a bias. Practical application of NT would undoubt-

edly encompass some variability in site of decompression.

The lack of cadaver verification is a limitation of

this study. CT correlation with cadavers has been limited

by freezing and preservation that changes soft tissue di-

mensions.17  Use of recent CT technology and comparison

to fresh cadaver studies demonstrates very high correla-

tion.18 CT imaging is currently being used for preoperative

sizing of implantable medical devices with very good fit at

time of surgery or implantation.19

The study has been performed retrospectively in
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only one health center in Canada. This population may

not be anatomically representative of other trauma systems

with variation in height, build, and body mass index.

CONCLUSIONS

The catheter used in needle decompression of a

TPT may not reach the pleural space in 10% to 19% of

men and a fourth to a third of women, depending on age.

However, several authors,3,12,20 do not advise a longer

catheter because of the possibility of subclavian or pul-

monary artery injury and cardiac tamponade. One author

actually did recommend a longer needle if the 14-gauge

needle fails.15

In cases of subcutaneous air or chest wall

hematoma, pressure on the catheter may collapse the

lumen. To prevent this, the needle can be left in place3,10

with use of a stabilization device,21 which also creates

more length and prevents kinking. But leaving the needle

in place can be a danger,11 potentially leading to damage to

lung tissue or vital structures. Another suggestion is to use

the lateral mid-anterior axillary line (used for chest tubes)

for needle decompression,2,12,22,23 since there is less fat and

muscle tissue and less chance of damage to vessels and

heart. However, pleural adhesions are more likely to be

encountered and may increase the risk of lung injury when

a large pneumothorax is not present.24 Considering the

tools available now and their advantages and disadvan-

tages, the 4.5cm needle remains the best choice, but one

should be aware of its potential shortcomings.

This study suggests that 4.5cm needles for de-

compression may be inadequate. Interestingly, no device

for needle catheter decompression of TPT has yet been de-

veloped to overcome the conflicting challenges posed by

variable chest thickness versus the potential risk of dam-

age to lung, heart, and great vessels. These results support

performance of a clinical trial to evaluate effectiveness and

risk of a longer catheter. Development of a longer intro-

ducer needle with a blunt retracting tip may be useful in

the clinical setting of suspected TPT.
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